e KET

Chem 331, Exam 3
Friday, November 16, 2007 (100 points total)

* Show all work (Note: Data/formula page at back of exam)

@0 pts) | |
1.) At 25°C the 2nd virial coefficients (B) for CHs and n-C4H;¢ are —-0.042 L/mol and -0.732
L/moi, respectively. For a mixture of 0.0300 mol of CH4 and 0.0700 mol of n-C4Hy¢ at 25°C

ina 1.000 L vessel, | |

C{ Q\‘ (a) calculate the pressure using the virial equation and the approximation B, =~ %(Bl +B,)
, (L;’ A (b). compare the result of part (a) with the ideal gas equation result.
(g) (c) If the fugacity coefficient of thisvmixture, which has an actual pressure of 2.434 bar, was

determined to be 0.92, what is the fugacity under these conditions?
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(20 pts)
2.) Use the Clapeyron equation to find the pressure at which water freezes at ~10.00°C. The

expenmental value is 1104 bar. Briefly explain why the answer you found is greatly in error.
AH us (H20) = 6005 J/mol, p(ice) = 0.917 g/cm , and p(water) = 1.000 g/cm , all at 0°C. The
molecular weight of HyO is 18.01 g/mol.
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(25 pts)
-3.) (a) State the two approximations involved in deriving the Clausius-Clapeyron équation,
ar AH '

=—————-dT from the Clapeyron equation.
P RI? peyron €q

(b) The normal boiling point (P = 1 atm) of ethanol is 78.3°C, and at this temperature
,-AH = 38.9 kJ/mol. To what value must P be reduced if we want to boil ethanol at 25.0°C

ina vacuum distillation?
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' 4 ) The followmg data and associated figure describe solutions of acetone (ac) and chloroform (chl)
at 35.2°C.

. Xac Vac Pyotat (in Torr) Xac Yac Protar (in Torr)
'0.0000 0.0000 293 0.6034 0.6868 267
0.0821 - 0.0500 279.5 0.7090 0.8062 286
0.2003 0.1434 262 0.8147 0.8961 - 307
0.3365 0.3171 249 - 0.9397 0.9715 332

10.4188 0.4368 248 1.0000 1.0000 344.5
. 0.5061 0.5625 255
350 T T u T T
(a) On the figure at the right, sketch the expected 300K 7
' P
behavior of an ideal solution for Protal, Pac, and Pepr. 2501 o 4
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~ (b) Calculate the total vapor pressure for a solution with o \JZ
%2c=0.7090 assuming it to be ideal and compare your 100 SME S
result to the actual value listed above. What does this (as S0 .
. well as your result for part a) qualitatively imply about the o | . L ,
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relative size of the intermolecular forces (Fac.ac, Fehi,chl,

Fac,chl) in this solution?
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A -5
Z o\ (c) Calculate the Raoult’s law standard state activities and associated activity coefficients for

- quth components when x,; = 0.0821 .
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( (5\ ~ “(d) What is the error in the calculated chemical potential of acetone in a solution with the

composition o_f pait (c) due to-approximating it as an ideal solution?
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Extra Credit (5 pts, no partial credit possible)

~ What is the change in the chemical potential of CHs(g) when the pressure is increased from 1 to

A_ ‘50 bar at 200°C? Show all work and note any approximations used.

(ﬁ Ssuré ld’ﬁé‘*ﬁﬁé S} '

—0 b
@\ )Q%-f{):’




DATA PAGE

© R = 83145 JK " mol™ = 0.083145 L bar K™ mol™
" 1 atm = 101.325 kPa = 760 Torr = 1.01325 bar (1 bar= 10’ Pa); 1L = 1000 cm’
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Have a safe Thanksgiving Break !!!



