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The vapor pressures and densities of 2,3-dimethyl-2-butene and 3,3-dimethyl-l-butene 
were determined experimentally at different temperatures. The constants of the 
Antoine equation are: 6.93075, - 1  205.663, and 224.460 for 2,3-dimethyl-2-butene; 
and 6.75953, -1  053.5 17, and 230.336 for 3,3-dimethyl-1 -butene, respectively. The 
density equations are: d' = 0.70827 - 0.90023 x ( t  - 
20)'far2,3-dimethyl-2-buteneanddf = 0.65291 -0.10064 x 10- ' ( t -  20) - 0.21039 x 
1 0-6 ( f  - 2O)'for 3,3-dimethyl-1 -butene, respectively. 

( t  - 20) - 0.72335 x 

T h e  literature dealing with the vapor pressures and 
densities of organic compounds is very extensive ( I ,  2, 
4,  6, 7). However, not enough data are available for some 
of the olefinic hydrocarbons. Since the solution of a certain 
theoretical problem, statistical mechanics of solutions of 
isomers, required the knowledge of the vapor pressures 
and densities of 2,3-dimethyl-2-butene and 3,3-dimethyl- 
1-butene in a wide range of temperature, we have deter- 
mined them experimentally. 

EXPERIMENTAL 

Aldrich chemicals of highest purity were used without 
further purification since gas chromatographic analysis failed 
to show any significant impurities. The small difference 
between the boiling point and condensation temperature, 
O.O02"C, at a pressure of 1 atm also indicated that the 
samples did not contain sufficient impurities of different 
volatility to have any significant effect on the vapor pressure 
measurements. Experimentally found densities (gram cc-') 
and boiling points ( ' C )  were in good agreement with the 
literature values: 2,3-dimethyl-2-butene, d" = 0.70375 
(0.7034); tnhp = 73.24 (73.21 - 73.24); 3,3-dimethyl-l-butene, 

The vapor pressures were measured by a dynamic method 
using two ebulliometers connected in parallel to the pressure 
controlling system (3). One of the ebulliometers contained 
deionized and twice distilled water, and the other contained 
the substance under study. From the boiling point of water, 
the corresponding pressure in the system was determined 
(6), with an accuracy better than 0.1 mm Hg. The boiling 
points of water and the hydrocarbons respectively, were 
measured with a 25-ohm platinum resistance thermometer 
(Leeds and Northrup) in a Mueller bridge circuit (Leeds 

d" = 0.64787 (0.64786); t n h p  = 41.28 (41.24) ( I ,  2, 6 ,  7) .  

I To whom correspondence should be addressed. 

Table I. Densities of 2,3-Dimethyl-2-butene and 
3,3-Dimethyl-l-butene at Different Temperatures 

2,3-Dimethyl-2-butene 3,3-Dimethyl-l-butene 

d e x p ,  &alcd, dexp.  '$alcd, 
Temp, gram gram Temp, gram gram 

2C cc-I cc ~ O C  cc-I cc - '  

20.00 0.7083 0.70827 20.00 0.6529 0.65291 
25.00 0.7037 0.70375 25.00 0.6479 0.64787 
30.00 0.6992 0.69919 30.00 0.6428 0.64282 
40.00 0.6900 0.68997 40.00 0.6327 0.63270 
50.00 0.6806 0.68061 

Table II. Vapor Pressures of 2,3-Dimethyl-2-butene and 
3,3-Dimethyl-1 -butene at Different Temperatures 

2.3-Dimethyl-2-butene 3,3-Dimethyl-l-butene 

Temp, Poeup1 Pocaicd,  Temp. Poexp I Pocalcd 
;C mmHg mmHg O C  m m H g  mm.Hg  

73.85 774.68 774.67 41.51 766.17 765.71 
71.66 723.23 723.14 41.46 764.81 764.60 
69.16 667.80 667.57 38.45 692.04 691.87 
66.51 612.i5 612.52 35.12 617.99 617.77 
63.89 561.74 561.70 32.66 567.25 567.21 
61.07 510.80 510.68 29.77 511.97 511.89 
56.91 458.22 458.02 26.88 461.08 460.96 
54.64 408.46 408.29 24.18 416.94 417.13 
51.57 365.52 365.48 21.19 372.50 372.45 
47.46 313.90 313.90 17.64 324.29 324.43 
43.33 268.22 268.19 13.62 276.16 276.10 
38.57 222.31 222.36 9.71 234.81 234.79 
34.19 185.88 185.96 4.39 186.63 186.74 
28.50 146.03 146.05 0.48 156.65 156.74 

21.87 108.65 108.70 -9.46 97.72 97.69 
16.33 83.88 83.87 

26.13 131.56 131.65 -4.14 126.43 126.49 
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Table 111.  The Constants of the Antoine Equation and of the Density Equation 

Constants of the Antoine equation Constants of the density equation 

Substance A B c U b c 

2,3-Dimethyl-2-butene 6.93075 - 1205.663 224.460 0.70827 -0.90023 X 10 ’ -0.72335 x 10 ’ 
3.3-Dimethyl-1-butene 6.76953 -1053.517 230.336 0.65 291 -0.10064 X 1 0 ~ ’  -0.21039 x 10 ‘I 

and Northrup) with an accuracy better than 0.01”C. The 
platinum resistance thermometer was calibrated by the 
National Bureau of Standards. 

Single-stem pycnometers of about 10.0-cc capacity, cal- 
ibrated with deionized, twice distilled water, were used 
for density measurements. 

RESULTS AND DISCUSSION 

The experimental data are given in Tables I and 11. 
The vapor pressures and densities were fitted by least- 
squares method to an Antoine equation [log P = A + 
B / ( t  + C)]  and t o  an equation of the form d‘ = a + 
b ( t  - 20) + c ( t  - 2012, respectively. The constants of these 
equations are seen in Table 111. 

As evident from Tables I and 11, the data calculated 
from these equations are in excellent agreement with the 
experimentally found values. The maximum percent devia- 
tion and the standard deviation in the vapor pressures 
and densities are 0.06 i 0.17 mm Hg and 0.007 i 0.00003 
gram cc for 3,3-dimethyl-l-butene and 0.07 i 0.12 mm 
Hg and 0.002 i 0.00002 gram cc-l for 2,3-dimethyl-2- 
butene, respectively. 

The experimental results also agree very well with the 
excellent data measured by Camin and Rossini ( I ) .  
However, the Antoine equations, as well as the density 
equation, given in this paper are applicable in a wider 
temperature range. 
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