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Abstract 
A flow micro~a~orimeter of the Picker design was used to measure excess 

molar enthalpies HE,at 298.15 #, as a function of mole fraction, of the 
mixtures methylcyclopentane (c-C5HgCH3) + cyclopentane (c-C5HjG), and 
+ methylcyclohexane (c-QHllCH3), and of methylcyclohexane + n-heptane 
(n-C HlG), 
+ te rachloromethane 1 

+ n-decane (n-C oH2 ), t cyclopentane, + benzene (CGHG), and 
(CC14 1 2 . T e calorimeter was equipped with separators 

and operated in the discontinuous mode, The 16s of the first-named three 
systems are negative, those of the remaining four are all positive. At 
equimolar composition, HE(x =0.5)/J.s1ol'~ 
c-C5HlG) to + 792 for (c-C5 i llCH3 + CgHG), 

ranges from -133 for (c-C5HgCH3 t 

In a series of investigations, 0-9) we reported excess molar enthalpies 

HE, excess molar heat capacities CF at constant pressure* and excess 

molar volumes YE of binary liquid mixtures composed of either a five- or a 

six-membered cyclic ether and various second components. In order to 

obtain more information as to the influence of ring size upon thermo- 

dynamic mixing quantities, we also measured HE of mixtures containing 

either cycloheptane or cyclooctane, (10) and CF and YE of mixtures con- 

taining .D~.Luu, &UM, &-1,5,+cyclododecatrjene. (111 As a sequel to 

these investi~atjons we present here excess molar enthalpies at 298,15 I( 

of the binary liquid mixtures methy~~y~opentan~ fo-C5HgCH31 + cy~lopenta~~ 
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(c-C5H10), and + methylcyclohexane (c-C~H,,CH~)~ and of methylcyclohexane 

+ n-heptane (n-C7H,6). + n-decane (n-C H 
IO 22 ), + cyclopentane, + benzene 

(C6H6), and + tetrachloromethane (CC14). Contacts were maintained with 

Kohler's group in Bochum, who also studied the effect of addition of a 

methyl group to the cyclopentane and cyclohexane ring on excess properties 

of their mixtures with n-alkanes. (12-15) 

2. EXPERIMENTAL 

A11 liquids were of the best quality available from Ffuka, that is of 

puriss. quality (n-heptane, cyclopentane, methylcyclopentane* methylcylo- 

hexane, benzene, tetrachloromethane) or purum quality (n-decane: olefin 

free, purity >99%). They were carefully dried with molecular sieve (Union 

Carbide Type 4A, beads, from Fluka) and stored in the dark. 

Excess molar enthalpies tfE were measured with a flow micro~alorimeter 

of the Picker design (from Setaram) equipped with separators and operated 

in the discontinuous mode. The calorimeter was thermostatted to about 

f 0.002 K as checked with a quartz thermometer (Hewlett-Packard, model 

ZBOIA). The maximum inaccuracy of the temperature readings is less than 

I: 0.005 K. Before being transferred to the separators, all liquids were 

degassed. HE at any given ~ompositjon was obtained as usual (16-18) from 

HE = (xlY"I + x2V&IL/(bf). (1) 

Here x, and x2 = 1 - x1 designate the mole fractions of component 1 and 2, 

respectively, V? and V$ are the molar volumes of the pure liquids, VzI is 

the electric power dissipated by the Zener diode during a separate electric 

calibration run (Joule effect), L/& is the ratio of the distance of the 

recorder trace from the base line (obtained at steady state mixing con- 

ditions) to the distance corresponding to the calibration experiment, and 

f is the total flow rate. For details we refer to our earlier articles. 

The performance of the calorimeter was routinely controlled by measuring 

HE at 298.15 K of selected test mixtures, say (benzene + cyclohexane), 

over the entire composition range. Agre~ent with recommended literature 

data'l" was always satisfactory, that is to say within 1% over most of 
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the composition range. All excess molar enthalpies are based on the 

relative atomic mass table of IUPAC, 1986.(20) 

3. RESULTS AND DISCUSSION 

Experimental results for the excess molar enthalpies at 298.15 K are 

given in Table 1, while graphical representations are provided by Figs. 1 

and 2. For each of the seven mixtures, HE was fitted with a smoothing 

function of Redlich-Kister type, i.e. 
k 

HE/J.mol-' = x,x2& (x, - x21i. 

-5o- 

t 

T= 298.15 K 

I I , i I I , , 1 I 
0 0.5 I 

i= 0 

Xl - 

Fig.f. Excess molar enthalpies HE at 298.15 K.Experimental results: 0, 

{xlc-C5HgCH3 + x~c-C~H,~~; ., Ix,c-C5H9CH3 * x2c-C6H,,CH31; - , 

calculated from eqn.(2) with coefficients from Table 2. 

(2) 
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Fig.2. Excess molar enthalpies HE at 298.15 K. Experimental results: 0, 

(x,c-C6H,,CH3 + x2n-C7H,61; 0 $ (x,c-C6Ht,CHj + x2n-C,0H221; 13 , 

Ex,c-C#, ,CH3 + x~c-C~H,~I; II , Ix,c-C6H,,CH3 + x2C6H6); A, {x,c-C6H,,CH3 
+ x2CC14~;--, calculated from eqn.(2) with coefficients from Table 2. 

The coefficients Ai and the corresponding standard deviations s are 

shown in Table 2. These coefficients were used to obtain the calculated 

curves in the figures. 

Only for methylcyclohexane + n-heptane, 
(21-25) + cyclopentane, (26) 

+ benzene(27'28) and + tetrachloromethane(29) could we find published 

results on HE. 

results(24) 

For Ix~C~H,~CH~ + x2"-C7HlGI agreement with Lundberg's 
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HE/J.mol-' = x,x2[136.3 + 27,7(x, - x2)] (3) 

is excellent, while those of Vesely et al. (22) are considerably lower and 

those of Alessi et al. (23) 

ZieQler121) 

are much higher than our values. Holzhauer and 

report enthalpy data at one composition only, that is at 

xl = 0.5109 and 298.15 K HE = 34.2 J.mol-' , in excellent accord with our 

results. Similarly, upon interpolation Brandt's excess enthalpie 425)are 

very close to those determined by us. For IxIC6H1,CH3 t x2c-C5Hf03 only 

HE at equimolar composition has been measured previously: de St.Romain 

et al.'26) found HE(x,=0.5) = - 112 J.mol-', in excellent agreement with 

our -113.5 J.mol -I. Data on HE of fxlC6H11CH3 + x2C6H61, obtained with 

Van Ness type(;;;thermal displacement calorim&&s,, have been reported by 

Nagata et al. as well as by Tanaka et al. , Both sets agree 

satisfactorily with our results. Finally, HE of ~x,C6H,,CH3 t x CC141 

been measured with a flow calorimeter by Harsted and Thomsen.f2 5 
has 

) Their 

values are very close to ours, i.e. at xl = 0.5 they report 162.8 

J.mol-' as compared to 159.4 J.mol-' from our experiments. 

A detailed discussion of our results in terms of the KGB group contri- 

bution theory13') is in preparation. 
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