
1942] An Empirical Equation for Calculating the Change 477

An Empirical Equation for Calculating the Changes in the Boiling 

  Points of Hydrocarbons with Small Changes in Pressure.

  By Ryoji NEGISHI. 

(Received August 24, 1942.)

   In the separation by distillation of hydrocarbons for the purpose of 
identification, it is frequently necessary to calculate the change in the 

boiling point with pressure, even when the change in pressure may be 
less than 10 mm. The above statement may be fully appreciated when 

it is realized that a pressure change of 10 mm. corresponds to nearly
0.5℃.which is often as much as the difference between the boiling points

of the compounds to be separated. 
   In the course of our investigations on hydrocarbon synthesis and 

separation of the products by distillation, we have found the following 
empirical equation,

(1)

in which tb is the boiling point in centigrade, Pmm. is the pressure expressed 
in mm. of Hg, quite convenient and sufficiently accurate for a large number 
of hydrocarbons commonly found in the gasoline boiling range. 
   The purpose of this paper is to illustrate the usefulness and the 
limitations of the above equation, and, at the same time, to indicate 
briefly justification for the linear form it assumes. A comparison of the 
equation with those found in the literature will be also considered. 
   From the thermodynamic relation,

(2)
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in which S, P, T, V have the usual significance, the Clausius-Clapeyron 
equation,

(3)

may be readily derived. It expresses the change in the boiling point with 
pressure in terms of the temperature at which the heat of vaporization
is ⊿L and where the liquid with a volume V1 is completely changed into

vapor with a volume Vg.

Equation(3)is general, and if ⊿L, T, v1, and Vg are known, dT/dP

can be determined exactly. However, it would be more convenient if 
dT/dP (or dt/dP) can be expressed as a simple function of the boiling 
point of the pure substance. For the very purpose we have found equation 
(1) quite adequate. We do not intend to attach any theoretical signifi-
cance to the equation; our sole purpose is, as has already been mentioned 
above, to give a simple empirical equation which may be of use in practical 
application. This equation is theoretically applicable for dT/dP only at
P=760mm., but for a change of ±10 mm. from 760, it should still be

fairly accurate. (1) 

   Because of the simple form Trouton's relation takes, the Clausius-
Clapeyron equation can be readily put in a much simpler form(2) by its 
application, as will be illustrated below: 

   Writing the Clausius-Clapeyron equation in an equivalent form,

(4),

where R is the gas constant and ⊿L, P, T have the same significance as

in(3),and by assuming the vapor to behave ideally, ⊿L to be independent

of the temperature, and the volume of the liquid to be negligible in com-

(1) D. B. Brooks, J. Research, NBS, 21(1940), 847; E. R. Smith, ioid., 26(1941)
129.As is evident from the results, a change of 40 mm. gives a difference of 0.0016～

* Calculated from dP/dT originally given in his Table.

0.0018 in dt/dP, or about 0.0004℃./10mm. Hg., which is well within the accuracy of

experimental error.

    (2) By use of Trouton's rule many relations, especially those involving the heat 
(or energy) of vaporization, can often be reduced to simpler forms. Kimura's (O. 
Kimura, J. Chem. Soc. Japan., 63(1942), 98) derivation of his viscosity function,
η=Aeb/θ is a good example. However, his basic idea of deriving an expression for

viscosity which is applicable to all substances of the same series (paraffin) independ-
ently of the properties of the individual members of the series in terms of the reduced
absolute temperature, or in its equivalent forms; in other words, when η for the

members are plotted against the proper functions of the reduced absolute temperatures, 
all viscosities will fall on the same line, is not original. It has already been mentioned 
by E. P. Irany (J. Am. Chem. Soc., 61 (1939), 1734.)
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parison with that of the vapor, and since P is always in the neighborhood 
of 760 mm., we readily obtain

(5),

where Tb is the boiling point in the absolute temperature. Therefore, in 
terms of tb, the boiling point in centigrade, the expression becomes

which is the form relation (1) assumes. 
   We shall now show to what extent relation (1) is useful; at the same 

time a comparison will be made between it and other empirical equations 
for dtb/dP found in the literature. Relation (1) has been obtained by 
changing the first term of the equation, (3)

(6),

which is the equation of the line drawn through the accurate dtb/dP 
points given in Table 1.

Table 1. Change in Boiling Point with Small Change in Pressure.

* From Eq .(6), dtb℃/dPmm=0.0350+0.00011tb.
** Limits of experimental error . The writer (R.N.) is unable to ascertain
whether it is ±0.0020 or ±0.0002.

    (3) C. Isobe and R. Negishi, J. Soc. Chem. Ind., Japan, 45(1942). 
    (4) D. B. Brooks, F. L. Howard, and H. C. Crafton, Jr., J. Research NBS, 

24(1940), 33. 
   (5) E. R. Smith and H. Matheson, ibid., 20(1938), 641. 
   (6) F. L. Howard, J. Research NBS, 24(1940), 677. 

   (7) J. D. White and F. W. Rose, Jr., ibid., 21(1938), 151. 
    (8) G. Egloff, (`Physical Constants of Hydrocarbons, Reinhold Publish. Corp., 

(1939, 1940); Science of Petroleum, Vol, II, (1938), 1302.



480 R. Negishi. [Vol.17, No. 11,

   Table 2 shows the results of determination and calculation made by 
Lamb and Roper(9) on dtb/dP (originally dP/dTb) of 35 hydrocarbons of 
the paraffin series. Their results seem fairly accurate, and they serve as 
a good basis for some interesting comparison between our empirical 
relation and theirs, either derived from the Clausius-Clapeyron equation 
or derived empirically to agree particularly with the data given in Table 2. 
   Lamb and Roper have derived the expression,

(7),

by combining the Clausius-Clapeyron equation, under the assumptions 
already mentioned above, with Trouton's rule, assuming 20.85 for the 
Trouton constant (the mean value for the 35 hydrocarbons listed in 
Table 2). 
   The line representing this equation is given in Fig. 1, where it is 
obvious that, even with the particular Trouton constant used, the devia-
tion between the values of dtb/dP calculated and found becomes appreci-
able at lower and higher temperatures. It clearly indicates that some 
of the simplifying assumptions involved in (7) are not justified. 
   On the other hand, relation (1) is in much better agreement with 
the observed values. In fact, it is even better than the equation(9),

(8),

which takes into account the trend(10) in Trouton constant with the 
boiling point, and is about as good as their so-called "general" equation,(9)

(9),

derived simply by altering the constants in relation (8) to agree better 
with the results in Table 2. 

   A comparison of the relative accuracies of the equations, (1), (7), 
(8), and (9) are given along with that of the "special" equation,

(10)

proposed by Lamb and Roper(9), in which as and bs are the constants for 
the particular group of hydrocarbons, ons, in the last columns of Table 2. 
The results require no explanation.

(9) A. B. Lamb and E. E. Roper, J. Am. Chem. Soc., 62(1940), 806. 
(10) The fact that Trouton constant is not really a constant has long been

recognized by numerous investigators, and a number of corrections-from purely 
empirical to semi-theoretical-have been proposed. One of the more exact and com-

patible with theory, yet quite simple in form, is what is known as Hildebrand's rule 
(J. H. Hildebrand, "Solubility," Reinhold Publish. Corp., 102(1936)).
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Table 2.(9) Change in Boiling Points with Pressure for 
  Some of the Hydrocarbons in the Paraffin Series.

  * For name and carbon skeleton; see Ref. (8), 
** Calculated from dP/dT .
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   In Fig. 1 are drawn and plotted the lines representing relations (1), 
(7), (9), and that representing the data given in Table 3(11), and 
dtb/dPmm. values not only given in Table 2 but also in Table 4(12)(13) 
Some of the compounds are given in Tables 2 and 4 to show how closely 
various investigators agree, or disagree, on dtb/dP of the same substances. 
The "length" of the points roughly indicates the relative accuracy of the

Fig.1. dtb℃,/dPmm. Vs tb.

Table 3. Correction Factors for the Boiling Point 
       for Small Change in Pressure*.

* The correction factors can be regarded as accurate over a pressure

range,760±50 mm Hg.(Ref.11).

(11) E. S. L. Beale, Science of Petroleum, Vol. II, 1281 (1938). 
(12) Landolt-Boernsteins Tabellen, 2427 (1936). 
(13) Landolt-Boernsteins Tabellen, 1289 (1932).
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Table 4. Change in Boiling Point with Small Change in Pressure.

 * Data given by Ref . 16 least reliable. 
(17) J. D. White and A. R. Glasgow, Jr., J. Research NBS, 22(1939), 137.

measurement. For the results given in Table 2,±0.002(14)has been

assumed except for normal pentane, hexane, heptane, and octane for which
±0.0005(15);for ethyne, propyne, and cis-2-butene ±0.003. Most of the .

results given in Table 4 are given a weight of±0.002(14). From Fig.1

it seems to the author that the values of dtb/dP for decane, undecane,
and dodecane, though given a relative accuracy of±0.002, deviate much

more than that, and they seem to be too low. 
   It may be of some interest to mention in passing that dtb/dP observed 

and calculated by relation (1) for mercury, sulfur, and sodium are as 
given in Table 5.

(14) There is no real basis for the value assumed except for isopropylbenzene,
dtb/dP=0.0507±0.002 (Ref.7).

(15) The results of various measurements given in Tables 1, 2, and 4 do not
differ more than±0.0005 from the mean.

Some of them are definitely lower than±0.002;probably.±0.004.
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Table 5.

  Accuracy uncertain.

   From the results given in this paper, some plausibility is lent to the 
following statements: (a) Relation (1) is, for practical purposes, 
accurate for expressing the change in the boiling point with a small change 
in pressure for most of the hydrocarbons over a wide range of tempera-
ture(from-160 to 340℃);(b)Relation(1)is just as accurate as the
"general" equation

, or (9), but it has the great advantage that its ex-
pression is very much simpler and linear; (c) The correction factors 
given in Table 3 are also quite good, but they seem to be inadequate at
temperatures above 300℃.

    The first constant term in relation (1) has been reduced by 0.0005 
from the original 0.0350 found in (6) for the simple reason that, by 
this change, the deviations between calculated and observed for the hydro-
carbons given in Table 2 are reduced materially. In view of the fact 
that the accuracy of the determination itself may not be greater than
±0.002,the above change may not be significant; however, there seems

to be evidence from the results of Tables 1 and 2 that there is a real 
difference, which amounts to about 0.0005, between dtb/dP for branched 
and unbranched compounds. Unfortunately the available data are not 
sufficiently accurate to warrant a further discussion on this point. 

    As is obvious from Fig. 1, the lines representing the "general" equa-
tion (9), and relation (1) almost coincide with each other although the 
former is not a linear equation. This is due to the circumstance that 
log10Tb changes only from 2.23830 to 2.75820 for the change in Tb from
173.1 to 573.1°K.

dtb℃./dPmm. for other compounds, containing halogen, nitrogen, and

oxygen, have been similarly treated, and it is indicated that relation (1) 
is applicable not only to hydrocarbons but also to most of the substances 
without hydrogen bonding. A more detailed discussion of the problem 
will be given later.

Summary.

An empirical relation,

for calculating the change in the boiling point with a small change in

(16) Landolt-Boernsteins Tabellen, 1327 (1923).
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pressure has been derived. It has been found that the equation is 
applicable to most of the hydrocarbons, with their boiling points ranging
from -160 to 300℃., with a maximum deviation of about ±0.002.

   A comparison of this equation with the others found in the literature 
has been made, and it has been found that the relation is just as accurate 
as some of the more complicated ones proposed.

        The Central Laboratory, 

South Manchuria Railway Company, Dairen.


