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The Densities of Methylcyclohexane—n-Heptane Mixtures
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Despite the popularity of the methylcyclohexane-n-
heptane mixture for testing laboratory fractionating
columns, extensive physical property data for the
combination are somewhat lacking. The resuits of this
investigation offer some help in this regard by giving
correlations of experimentally observed densities as a
function of temperature and composition. The empirical
equations to which the data were fitted may be employed,
along with appropriate cross-plots, for the estimation of
density over the entire composition range, and for
temperatures up to and including the normal boiling points
of the various mixtures.

For many years, the n-heptane-methyicyclohexane system
has been used for distillation studies. As far back as 1939, Ward
(70) cited this as an excellent system for testing laboratory
fractionating columns. Despite the continued use of this system,
extensive measurements of the various physical properties
necessary for comparison and correlation have not yet been
made. Densities of the pure components have been cited in
Egloff (5, 6), Driesbach (3, 4), Mussche and Verhoeye (8), and
AP| Research Project 44 ( 7). Bromiley and Quiggle (2) observed
mixture densities at 20 °C, and also measured the normal boiling
points of various solution compositions.

The present work gives the results of measurements of the
densities for the pure components as well as mixtures, and
correlates these as a function of temperature and composition
of the mixtures. Extrapolation of these data to the boiling point
provides requisite data for distillation correlations.

Experimental Section

The methylcyclohexane, practical grade, and the n-heptane,
reagent grade, used for this work were supplied by Matheson,
Coleman and Bell. The former boiled over the range of
100.5-101.5 °C which included the normal boiling point
(100.934 °C inref 1) while the latter boiled between 98 and 99
°C which also included its normal boiling point (98.427 °C in ref
1).

A Robertson pycnometer, with graduated capillary arms (9),
was used for the density measurements. Pure, deionized water
(specific resistance between 400 000 and 450 000 ohms), at
25.0 °C, was used for calibrating the volumes of the pycnometer
corresponding to the various graduated markings. All observa-
tions were carried out in a water bath, which was maintained to
within 0.1 °C; readings of the capillary heights were facilitated
by the use of a cathetometer. Complete calibration details are
inref 7.

The compositions of the pure components and all of the binary
mixtures were ascertained refractometrically. For this purpose,
a Bausch and Lomb precision refractometer was used, and ob-
servations were recorded to within £0.000 03 units at 25.0 °C,
for the sodium p-line. This corresponds to £0.196% in com-
position.

Results and Discussion

Densities of pure n-heptane and methylcyclohexane were
measured from 25 to 80 °C at 5 °C intervals. These observations
were compared with the data of Egloff (5, 6), Driesbach (3, 4),
Mussche (8), and the APl Research Project 44 results ( 7) and are
presented in Table |. The largest difference between data of this
study and that reported in the literature is 0.26 %.

Since the purpose of this work was to supply data for large
scale distillation studies, practical and reagent grade materials
were used. To verify whether these grades would yield data
comparable to that of pure materials, densities of chromato-
graphic quality methylcyclohexane and n-heptane at 25 °C were
also measured. These density values are compared with other
data from this study in Table il. It should be noted that there is
less than a 0.012% difference which indicates reliable appli-
cability of the data taken using practical and reagent grade
chemicals.

Densities of known composition for five mixtures of the two
components were determined under similar conditions. Com-
positions of the mixtures were checked before and after deter-
minations to be assured that the compositions were unaltered
during the heating and cooling processes. These data, along with
extrapolations to the boiling point are shown in Table IlI.
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Table |

Density (g mi-1)

n-Heptane Methylcyclohexane
Temp, °C This study Lit. (ref) This study Lit. (ref)
25.0 0.679 18 0.679 63 (5) 0.764 61 0.765 06 (3)
0.679 55 (5) 0.765 10 (8)
0.679 50 (8) 0.765 06 (1)
0.679 51 (4)
0.679 46 (1)
30.0 0.674 97 0.675 22 (5) 0.760 31 0.760 60 (6)
0.675 50 (5) 0.760 30 (6)
0.675 25 (4) 0.760 7 (1)
0.675 16 (1)
35.0 0.670 79 0.756 03
40.0 0.666 36 0.666 23 (5) 0.751 69 0.752 0 (1)
0.666 70 (5)
0.666 5 (1)
42.1 0.751 20 (6)
45.0 0.662 17 0.747 39
50.0 0.657 79 0.657 70 (5) 0.742 99 0.7432 (1)
0.657 50 (5)
0.657 70 (1)
55.0 0.653 37 0.738 62
60.0 0.649 02 0.648 30 (5) 0.734 29 0.734 4 (1)
0.648 80 (1)
62.1 0.734 40 (6)
65.0 0.644 47 0.730 09
70.0 0.640 60 0.639 50 (5) 0.725 64 0.725 7 (1)
0.639 20 (5)
0.639 80 (1)
75.0 0.636 12 0.721 23
78.8 0.717 40 (1)
80.0 0.631 64 0.630 00 (5} 0.716 78 0.716 S (1)
0.630 70 (1}
90.0 0.621 40 (1) 0.708 0 (1)
98.4 0.615 554
100.0 0.699 2 (1)
100.8 0.698 47a

4 Extrapolated to biling point data of Bromiley and Quiggle (2}.

Table Il. Pure Component Densities at 25 °C

This study  Chromo- %
Table | quality difference
Methylcyclohexane 0.76461 0.76452 0.0118
n-Heptane 0.67918 0.67917 0.0015
Table 111
Density of n-heptane—methyicyclohexane
mixtures (g/ml}
Mole fraction of n-heptane
Temp °C 0.2216 0.3965 0.5916 0.8107
25.0 0.74259 0.72703 0.71078 0.694 22
30.0 0.738 32 0.72282 0.706 41 0.69001
35.0 0.73384 0.71862 0.70240 0.68576
40.0 0.72968 0.71429 0.69799 0.681 47
45.0 0.72545 0.71004 0.69367 0.67714
50.0 0.721 02 0.70559 0.68931 0.67274
55.0 0.716 66 0.701 29 0.68499 0.66855
60.0 0.71280 0.69689 0.68069 0.66397
65.0 0.708 69 0.69258 0.67626 0.65963
70.0 0.704 26 0.68824 0.67182 0.65519
75.0 0.69918 0.68368 0.667 24
80.0 0.694 67 0.67915 0.66291 0.64621
98.66(bp)a 0.629 13
99.03(bp)e 0.645 58
99.52(bp)a 0.661 51
100.04(bp)e 0.676 83

a Extrapolated values using boiling point data of Bromiley

and Quiggle (2).
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Table 1V. Results of n-Heptane—Methylcyclohexare
Mixture Densities as a Function of Temperature«

Composition

mole Std. error
fraction of (—B) x (—C) X of estimate
n-heptane A x 10 10¢ 107 x 107
0.0000 7.85953 8.495049 1.87166 0.55136
0.2216 7.628 61 8.04537 5.54182 2.98300
0.3965 7.47808 8.18118 4.82793 0.60244
0.5916 7.31503 8.17407 5.07354 0.758 95
0.8107 7.14976 8.15945 5.49060 0.53326
1.0000 7.00583 8.48952 1.54826 1.35115

a Coefficients in eqg 1.

The density data for the pure components and mixtures as
functions of temperature have been fitted to the following em-
pirical equation

p=A+ BT+ CT? (1)
where Tis in degrees Celsius. Values of A, B, and C were ob-
tained through a standard least-squares analysis of the data and
are summarized in Table IV. The excellent fit of the data is in-
dicated by the maximum standard error of estimate being 2.9820
X 1074,

Isothermal density data have also been fitted to the following
empirical equation

p=a+ bX+ cX2+ dx® 2)



Table V. Results of n-Heptane—Methylcyclohexane Mixture Densities as a Function of Compositions

Std. error
of estimate
Temp, °C ax 10 (—b) x 10 e x 102 (—d) x 10? x 104
25.0 7.646 46 1.075 87 3.807 77 1.588 23 2.604
30.0 7.603 48 1.072 21 3.704 07 1.510 70 3.376
35.0 7.560 29 1.079 31 4.008 48 1.735 60 2.172
40.0 7.517 16 1.073 66 3.854 01 1.645 76 2.820
45.0 7.474°'15 1.065 39 3.602 35 1.465 82 2.808
50.0 7.430 14 1.068 61 3.689 35 1.519 29 2.455
55.0 7.386 52 1.073 12 3.895 28 1.684 03 3.160
60.0 7.343 59 1.046 02 3.085 56 1.150 10 3.102
65.0 7.301 86 1.045 80 3.007 34 1.108 12 4.346
70.0 7.257 12 1.030 86 2.514 64 0.707 18 3.362
75.0 7.212 09 1.047 69 2.797 91 0.830 48 1.745
80.0 7.167 90 1.070 07 3.529 34 1.34017 1.473
a Coefficients in eq 2.

where X = mole fraction of n-heptane in the mixture. The values Glossary

of a, b,-¢, and d were also determined by a least-squares anal- .

ysis. The maximum standard error of estimate for these data was :’bB’C(’;d gg::::::: :: Zq ?

4.35 X 10~ at 65 °C. The constants so determined are pre- T' ’ d Cel >4

sented in Table V. X oo s

Isothermal density data when plotted exhibited only slight bp nome1 alr?aiilﬁr?gopo,:;\teggne
curvature, indicating nearly ideal liquid solutions. Extrapolated P density, g mi~" ’

values of the densities at the boiling points were correlated as
a function of composition by eq 2,

p(bp) = 0.61548 + 0.533 77X
— 1.394 08X? + 0.94196X° (3)

with a standard error of estimate for the density of 7.222 X
1078,

The data and equations here, aiong with suitable crossplots,
will allow the estimation of densities of mixtures of n-heptane
and methylcyclohexane up to and inciuding the mixture boiling
points at atmospheric pressure. Densities determined with either
eq 1 or eq 2 differ from the literature data of Table | by a maxi-
mum of 0.265 % . This occurs for both equations at 80 °C and
with the data of Egloff (5).
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