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Excess Enthalpies of Methyl 1,LDimethylpropyl Ether + a c6 
Hydrocarbon at 298.15 K 

Shemin Zhu, Shubao Shen, George C. Benson,' and Benjamin C.-Y. Lu 

Department of Chemical Engineering, University of Ottawa, Ottawa, Ontario, Canada K1N 6N5 

Excess molar enthalpies, measured at  298.15 K in a flow microcalorimeter, are reported for the four binary 
systems formed by mixing methyl 1,l-dimethylpropyl ether with hexane, 2,3-dimethylbutane, cyclohexane, 
or benzene. Smooth representations of the results are presented. 

Introduction 
The use of methyl 1,l-dimethylpropyl ether (tert-amyl 

methyl ether or TAME) in "oxygasoline" technology has 
stimulated interest in the thermodynamic properties of 
TAME + hydrocarbon mixtures. This paper reports mea- 
surements of excess molar enthalpies H: at 298.15 K for 
binary mixtures of TAME with each of the C6 hydrocarbons: 
hexane, 2,3-dimethylbutane, cyclohexane, and benzene. 

Experimental Section 
TAME and HPLC grade benzene were obtained from the 

Aldrich Chemical Co. Hexane, 2,3-dimethylbutane (both pure 
grade reagents), and cyclohexane (research grade) were 
obtained from the Phillips Chemical Co. The sample of 
TAME had a low stated minimum purity of 94 mol % , but 
it was the only material readily available within the time 
frame of our investigation. Since its density was close to the 
literature value (I), it was deemed to be adequate for the 
present measurements of technological interest. The other 
components had stated purities exceeding 99 mol % . All of 
the components were used without further purification. Their 
densities, measured at  298.15 K in an Anton-Paar digital 
densimeter, were 765.91, 655.04, 657.13, 773.94, and 873.63 
kg m-3 for TAME, hexane, 2,3-dimethylbutane, cyclohexane, 

and benzene, respectively. These results agree reasonably 
with the literature values (I, 2). 

The measurements of H: a t  298.150 f 0.002 K used the 
same equipment and operating procedure as in our previous 
work (3 ,4 ) .  Over most of the mole fraction range, the errors 
of Hf and the mole fraction x of TAME are estimated to be 
less than 0.5% and 5 X 10-4, respectively. 

Results and Discussion 

The experimental values of H: for the four systems are 
listed in Table 1, where in all cases x is the mole fraction of 
TAME. Plots of the results are shown in Figure 1. The 
equation 

was fitted to each set of results by the method of least squares 
with all points weighted equally. Values of the coefficients, 
h,, and the standard deviations, s, for these representations 
are given in Table 2. Curves calculated from eq 1 are included 
in Figure 1. 

Table 1. Experimental Excess Molar Enthalpies, H t ,  at 298.15 K for Some TAME + CS Hydrocarbon Mixtures 

X IT:/ (J mol-') X H:/(J mol-1) X H:/(J mol-') X H:/(J mol-') 
x CzH&(CHs)zOCH3 + (1 - X )  CH&Hz)&H3 

0.0500 55.9 0.3001 235.7 0.5001 268.2 0.7503 195.1 
0.1000 104.6 0.3500 252.7 0.5501 265.7 0.8000 165.9 
0.1500 147.2 0.3999 264.4 0.6007 253.0 0.8500 129.4 
0.2000 182.7 0.4500 270.0 0.6500 241.3 0.9000 87.1 
0.2499 211.6 0.5001 270.2 0.7001 220.7 0.9500 43.3 

0.0500 50.5 0.3000 207.8 0.5002 238.1 0.7500 170.3 
0.1OOo 93.7 0.3500 224.2 0.5499 233.3 0.8000 143.6 
0.1500 131.7 0.4000 234.2 0.5999 223.9 0.8500 111.8 
0.2001 163.4 0.4501 240.2 0.6501 211.1 0.9000 77.3 
0.2501 187.6 0.5000 238.9 0.6999 193.4 0.9500 35.5 

0.0500 87.1 0.3001 357.4 0.5500 386.6 0.8000 233.0 
0.1000 163.0 0.3501 381.4 0.6001 369.9 0.8500 183.4 
0.1500 230.4 0.3998 395.2 0.6498 345.6 0.9000 126.1 
0.2000 283.0 0.4499 399.7 0.7000 316.4 0.9500 65.5 
0.2498 324.2 0.5001 398.6 0.7500 277.4 

0.0500 56.6 0.3499 209.4 0.5502 193.4 0.7999 101.6 
0.1000 104.2 0.4001 211.4 0.6000 180.6 0.8500 73.0 
0.1501 141.6 0.4500 208.0 0.6501 164.3 0.8500 71.9 
0.1999 168.1 0.5001 201.7 0.7002 143.0 0.8997 48.2 
0.2500 188.6 0.5002 203.0 0.7491 122.4 0.9499 16.5 
0.3000 202.2 

x CzHsC(CH3)20CH3 + (1 - X )  (CH3)2CHCH(CH& 

x CzH&(CH3)20CH3 + (1 - X )  CsHlz 

x CzH&(CH3)20CH3 + (1 - 2 )  C& 
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Table 2. Coefficients, B and Standard Deviations, s, for 
the Representation of H, at 298.16 K for Some TAME + Cc 
Hydrocarben Systems by Eq 1 

& 

TAME + 
h, hexane 2,3-dimethylbutane cyclohexane benzene 
hi 1078.26 953.94 1592.81 809.31 
hz 100.98 105.78 256.45 316.47 
h3 76.11 36.16 45.40 137.47 
hr -110.97 -104.13 136.27 

ha 215.28 216.66 
S 0.8 1.0 1.1 1.6 

450 

400 

350 

ha -142.98 -83.23 -165.96 
r 

300 
h 

' _  E 250 

7 

Y E 2 0 0  of Ht a t  298.15 K for binary mixtures of MTBE with hexane 
I (61, 2,3-dimethylbutane (7), and cyclohexane (8). Curves 

calculated from the smooth representations of these data are 
shown in Figure 1 for comparison with the TAME systems. 
The curves for MTBE fall in the same order as those for 
TAME, but in all cases the values of Hfk are larger. At x = 
0.5 the differences are 100, 69, and 67 J mol-' for hexane, 

150 

100 

50 2,3-dimethylbutane, and cyclohexane, respectively. 
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Figure 1. Excess molar enthalpies, Hfk, of some TAME + 
C6 hydrocarbon systems at  298.15 K plotted against the mole 
fraction, x ,  of TAME. Experimental results: (0) hexane; (v) 
2,3-dimethylbutane; (A) cyclohexane; (0) benzene. Curves: 
(-) calculated from eq 1 using the coefficients given in Table 
2; MTBE + hexane (6); (,,,) MTBE + 2,3-dimethylbume 
(7); (- - -) MTBE + cyclohexane (8). 

Hfk is positive for all of the systems, and maxima fall in the 
order cyclohexane > hexane > 2,3-dimethylbutane > benzene. 
The curves are skewed = '9 but the skew Of the 
benzene curve is more pronounced, and as a consequence the 
benzene and 2,3-dimethylbutane curves cross near x = 0.25. 

We are not aware of any directly comparable previous 
studies of these systems. A few measurements of Hfk at 
293.15 K have been reported for methyl amyl ether + benzene 

J mol-' near x = 0.4. This compares reasonably with our 
findings for TAME. 

Methyl tert-butyl ether (MTBE) is also used as a gasoline 
oxygenating additive. Previously, we have reported values 
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