
Sir:

Critical temperatures (above which gases cannot be liquefied)
are relatively scarce, particularly for high-boiling compounds,
and are sometimes inaccurate. Because of the importance of
critical temperatures (1–3), methods based on group contri-
butions or comparison with other properties have been pro-
posed for estimating them (1–4).

In this investigation, simple equations correlating critical
temperatures, Tc, K, with homolog chain length (measured by
number of carbons, C) were developed because such equa-
tions can be used to estimate Tc for many additional homologs
(by interpolation or prudent extrapolation) and to identify sig-
nificantly incorrect Tc, K values. Molar critical temperatures
(M/Tc, K, where M is molecular weight) were studied because
molar properties (M/P, where P is property) are usually linear
with homolog chain length (except for some lower ho-
mologs).

The investigation demonstrated (i) critical temperatures
can be related (by Eqs. 1 and 2) to the limiting critical tem-
perature (Tc∞, K for M∞ and C∞); (ii) 1072 K is suitable as Tc∞
in Equations 1 and 2; (iii) molar critical temperatures (M/Tc,
K) are approximately linear with homolog chain length (Eq.

3); and (iv) a simple equation (Eq. 4) is useful for estimating
homolog critical temperatures.

Tc, K = Tc∞ + m/(C + k) [1]

where Tc∞ is the intercept, m is slope, and k is an adjustable
parameter.

(C + a) / Tc, K = b + C/Tc∞ [2]

where a is an adjustable parameter, b is intercept, and the
slope is 1/Tc∞.

M/Tc, K = b + mC [3]

where b and m are intercept and slope.

Tc, K = b + mC1/2 [4]

The adjustable parameter a calculated from Equation 1 (a =
m/Tc∞ + k), can be used to develop Equation 2. Equations 1–4,
like other homolog equations, have limited usefulness for es-
timating properties of some lower homologs.
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TABLE 1
Equations [Tc , K = 1072 + m/(C + k)] Correlating Critical Temperatures (Tc , K) with Number of Homolog
Carbons (C)a–d

Carbonse k Slope, m Corr. coeff., r Ref.

Ethers ROMe 4–6 10.90 −8,885 −4, 71 6
ROEt 4–12 13.52 −10,588 −4, 61 5,6
ROR 4–12 13.51 −10,584 −4, 69 5,6

Esters RCOOMe 3–13 14.31 −9,846 −3, 54 7
RCOOEt 4–11 15.7 −10,855 −3, 43 7
RCOOisoBu 6–8 18.00 −12,201 −3, 29 5
MeCOOR 4–8 14.89 −10,372 −3, 84 7

Aldehydes RCHO 2–9 13.04 −9,113 -4, 42 7
Ketones RCOMe 5–14 13.37 −9,384 −3, 83 9

RCOR 7–13 13.36 −9,594 −3, 61 9
Alcohols ROH 5–12 13.79 −9,129 −3, 79 10

2-ROH 5–10 13.51 −9,495 −3, 79 10
Acids RCOOH 5–10 15.88 −8,975 −3, 63 6,8
Amines RNH2 2–6 12.13 −8,705 −4, 85 6

R2NH 4–8 13.11 −9,815 −3, 24 6
R3N 6–12 17.83 −12,799 1.00 6

Nitriles RCN 4–8 13.82 −8,686 −4, 54 6
Chlorides RCl 2–4 10.94 −7,921 −3, 89 4
aR is n-alkyl having one or more carbons.
bA few clearly inaccurate data were omitted in forming the equations.
ck is adjustable parameter.
dCorrelation coefficient, r, of –0.999971 given as –4, 71.
eIn addition to the limiting critical temperature, 1072 K.
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The use of Equation 1 with Tc, K data of many homolo-
gous series indicated Tc∞ is about 1072 K. Homolog carbons,
C, were plotted against 1/(Tc − 1072) to get Equation 5, which
was rearranged to Equation 1 for 18 homologous series (Table
1).

C = b + m/(Tc − 1072) [5]

The correlation coefficients, r, obtained with Equations 1–4
indicated good agreement between calculated and literature
values. The expressions (C + a)/Tc, K (Eq. 2) and M/Tc, K
(Equation 3), which are linear with homolog chain length,
should also be linear with property functions (e.g., molar vol-
umes) that are chain-length linear.

The equations in Table 1 are presumably more suitable for
upward extrapolations than those in Table 2. The Table 2
equations are simple and particularly useful with intermedi-

ate and some lower homologs. The M/Tc correlations (Eq. 3)
lack special advantages and are not reported.
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TABLE 2
Equations (Tc, K = b + m C1/2) Correlating Critical Temperatures (Tc,
K) with C1/2 (C is homolog Carbon)a–c

Carbons Intercept, b Slope, m Corr. coeff., r

ROMe 3–6 174.2 151.6 3, 75
ROR 6–12 227.2 124.2 3, 81
RCOOMe 6–13 329.7 105.9 3, 84
RCOOEt 4–11 303.5 109.4 3, 25
MeCOOR 4–8 291.3 115.9 3, 79
RCHO 2–9 29 12 4, 72
RCOMe 4–11 302.0 116.7 3, 75
RCOR 3–13 320.9 107.3 3, 69
ROH 3–12 351.4 106.2 3, 86
2-ROH 4–10 303.5 115.4 3, 77
RCOOH 4–10 446.9 87.95 3, 77
RNH2 2–6 269.7 131.4 4, 57
R2NH 4–8 238.8 130.2 3, 62
RCN 4–8 369.6 107.7 3, 72
aData from references in Table 1.
bR is n-alkyl having one or more carbons.
cCorrelation coefficient, r, of 0.99975 given as 3, 75.


