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ABSTRACT 

The excess volumes of cyclopentane + n-hexane, + n-heptane, n-dodecane; cyclohexane + 
n-pentane; cycloheptane+ n-pentane, n-octane and n-dodecane have been measured at two 
temperatures. The results together with literature values reported for other systems of the type 
cycloalkane + an n-alkane have been discussed and the trends highlighted. 

VJ and HL results from our work and from the literature, for the systems cyclopentane or 
cyclohexane + an n-alkane, have been analysed in the light of the statistical theory of Flory. 

INTRODUCTION 

We recently published VJ results for 12 cycloalkane + n-alkane mixtures 
[ 1,2]. In this work we present Vz results for seven more mixtures in the same 
series. These V# results together with literature values [l-5] complete the 
series of a cycloalkane (cyclopentane, cyclohexane, cycloheptane and 
cyclooctane) + an n-alkane (n-pentane, n-hexane, n-heptane; n-octane, n- 
dodecane and n-hexadecane) and allows us to, complete the analysis using 
the Flory theory applied to V, and H,” data for the cycloalkane + n-alkane 
systems. The other half of the analysis on cycloheptane and cyclooctane 
systems can be found in refs. 6 and 7. 

EXPERIMENTAL 

The purification procedures used [ 1,2] and the vibrating tube densitometer 
method for determining VJ [3] have been described. 

RESULTS 

The V,” results are given in Table 1 together with the deviations GVl 
calculated from the smoothing equation 

SVz(cm3 mole-‘) = V,“( cm3 mole-‘) -x(1 -x) i A,(1 - 2x)’ (1) 
r=O 

0040-6031/83/$03.00 0 1983 Elsevier Science Publishers B.V. 
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TABLE 2 

Smoothing coefficievts A, for x C,H,, +(1 - x) CzH2r+Z at temperature T and the tempera- 

ture coefficient (aV,E/ar),_,, 

5 6 288.15 -0.2131 

5 6 298.15 -0.2710 
5 7 288.15 0.097 1 

5 7 298.15 0.0552 
5 12 288.15 0.3332 

5 12 298.15 0.2519 
6 5 288.15 -0.4314 

6 5 298.15 - 0.5855 

7 5 288.15 - 2.2208 

7 5 298.15 - 2.3234 

7 8 288.15 0.7671 

7 8 298.15 0.6419 
7 12 288.15 2.0164 

7 12 298.15 1.7779 

0.0048 0.0037 

0.0597 -0.1419 
-0.0014 

0.0049 0.0242 
0.0037 0.0042 -0.0011 

0.1194 - 0.0498 

0.1162 - 0.0285 
-0.0021 

- 0.4697 0.1583 0.1719 

- 0.4759 0.0101 - 0.0330 
- 0.0039 

-0.8106 0.0900 -0.1514 

- 0.7928 0.0397 -0.1589 
- 0.0026 

- 0.4960 0.3553 - 0.2620 
- -0.4581 0.2624 -0.1548 0.0032 

-0.7145 0.733 1 - 0.2925 

- 0.6995 0.2293 - 0.8433 
- 0.0060 

where x denotes the mole fraction. The coefficients A, are given in Table 2. 

DISCUSSION 

Three of the results presented here have been reported previously. The V,” 
results for cyclopentane + n-heptane at 298.15 K follow the extrapolated 
results of Siddiqi et al. [3] at high cyclopentane concentrations but differ by 
as much as 0.0 15 cm3 mole- at lower compositions. value 

of is of opposite Both sets data were measured 
the PAAR method which perhaps not best 

when volatile liquids as cyclopentane. results for cyclohexane 
n-pentane at K compare with those Mahl et [4] and 

within 0.005 mole-’ of equation generated by results. Our 
for cycloheptane + n-octane 298.15 K generally lower that 

by and Symons by 0.008 mole-‘. 
The (x = values at K for + n-alkane 

tems reported and in literature 

0.5) results [6- 121 which are 
graphed in Fig. 2. 

The Flory theory [6] has been reasonably successful in fitting the V,” and 
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0.6 

VE m0 

-0.2 

-0.6 

-1.0 

Fig. 1. Interpolated excess volume data, V,” (x = OS), for cycloalkanes+ n-alkanes. The 
n-alkane carbon number is referred to as n. Curve (a) cyclopentane, (b) cyclohexane, (c) 

cycloheptane, (d) cyclooctane, and (e) cyclodecane. 

H,” results for cycloheptane [6] + an n-alkane and cyclooctane [7] + an n-al- 
kane mixtures. Using the same treatment as before [6] we have fitted the V, 
and iYi results [2,8-131 at 298.15 K for cyclopentane or cyclohexane + an 
n-alkane mixtures to the theory, and the results are given in Table 3. The 
properties used in the Table have been defined [6]. The values of the 

(b) 
(c) 
(d) 

(a) 

too- 

Fig. 2. Interpolated excess enthalpy ‘data, Hi (x = OS), for cycloalkanes+ n-alkanes. The 
n-alkane carbon number is referred to as n. Curve (a) cyclopentane, (b) cyclohexane, (c) 
cycloheptane, and (d) cyclooctane. ,# 
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densities, coefficients of thermal expansion and isothermal compressibility of 
the n-alkanes have been reported [6]. For cyclopentane the values used were 
0.7404 g cme3, 1.347 X lop3 K-’ [15] and 1.331 X lop9 Pa-’ [15], respec- 
tively, and for cyclohexane they were 0.77389 g cmW3 [ 141, 1.261 x 10e3 K-i 
[16] and 1.136 X 10e9 Pa-’ [16], respectively. 

The Flory one parameter equation again [6,7] provides a reasonable fit for 
both the Hi and VL data, as judged by the values of a( Hi) and (I( V,“) in 
Table 3. The ability of this simple Flory equation to predict HE values from 
V, data and Vz values from Hz data is summarised in the standard 
deviations a*( HE) and u*( VJ). The results are similar to that obtained in 
our previous work [6,7]. 
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