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Midterm Exam # 2

Answer Sheet: (All problems are multiple choice. List the letter that corresponds to
the correct answer. Maximum number of points you can get is 18 pts!)

Conceptual questions (each 0.75 pts):
1)D
2)_C
3)b____
A
58
6)C
7)B
8)8B
9)¢

10)B

11)C

12)A

Problems and Calculations (each 1.5 pts):
1)6
2)F
3)D
4)D
5)F
6)A




Conceptual Questions:

1. How many different phases can at most co-exist in a two-component system?
a. 1

b. 2
c. 3

Vid 4
e. none of a)-d)

2. Anideal solution of xs mol fraction of A and xg mol fraction of B, with vapor
pressures Ps* for pure component A and Pg* for pure component B, has a vapor
pressure P given by

a. P =Ppx" + Pg’

b. P =Ps" - Py’
Vie P =xaPa" +xpPp’

d. P =XAPA* -XBPB*

e. Noneofa)-d)

3. Atthe triple point what thermodynamic quantity is the same for all three
phases?
a. EntropyS
b. Enthalpy H
c. Internal energy U
\/ d. Chemical potential p
e. Noneofa)-d)

4. Consider an ideal solution mixture of components A and B in equilibrium with
vapor. B is more volatile than A. Compared to the liquid, the vapor contains
a. Less of component A
b. Less of component B
c. Equal amounts of A and B
d. Noneofa)-c)

5. Which of the following quantities has a discontinuity in a first-order phase
transition?
a. Gibbs energy G
\/b. Volume V
c. Enthalpy H
d. Noneofa)-c)

6. Consider water above the critical temperature Tc. Which of the following
statements is correct for this system?
a. The number of possible phase depends on the pressure in the system
b. There will be a liquid vapor transition
v c. Only one phase exists.
d. Noneofa)-c)



7. For a chemical reaction A + B <> C we measure an equilibrium constant K° < 1.
Under standard conditions, the reaction will proceed spontaneously from
a. Lefttoright (A+B = ()
v/ b. Righttoleft (C= A +B)

8. Assume a chemical reaction A + B < C in equilibrium. When we add a certain
amount of B, the equilibrium
a. Shifts to the left
Shifts to the right
c. Staysunchanged

9. Assume two chemical reactions A + B< X +Y and X < Z, characterized by
equilibrium constants K; and Kp, that are coupled leading to a resulting reaction
A + B< Y + Z. The resulting equilibrium constant K3 is given by

a. K3=Kj -K»

b. K3=Ki +K>
\/ c. K3=Ki1 *K

d. K3=Ki1 /K>

e. Noneofa)-d)

10. Assume two chemical reactions A + B< X +Y and X < Z, characterized by
Gibbs energy differences (between products and reactants) AG: and AGz. When
coupling the two reactions, one finds for the resulting reaction A+ B<> Y + Z

a. AG=AG1-AG;
V/ b, AG=AG: +AG

c. AG=AG1*AG
d. AG=AG:1/AG:
e. Noneofa)-d)

11. A way to shift the equilibrium is to couple the reaction of interest with a second
one. To make an unfavorable reaction possible, what is the requirement for the
second reaction?

a. AG% >AGY%
b. AG% < AGY

vV e AGY +AGY <0

d. AG% +AG% >0

e. Noneofa)-d)

12.In a van’t Hoff plot In K9, is plotted as a function of the inverse temperature 1/T.
If AHO is independent of temperature one obtains a straight line with:
\/ a. Slope: -AH°/R
b. Slope: -AS°/R
c. Slope: -AHY/R -AS%/R
d. Noneofa)-e)



Problems and Calculations:

1. At 2500 K the equilibrium partial pressures of three gases A,B, and C are 0.7, 0.4,
and 0.1 bar, respectively. Calculate AGy® at 2500 K for the reaction
4A(g)<3B(g)+C(g).(Standard state: 1bar)

-150.70 kj/mol

-75.35 kj/mol

-37.68 kj/mol

-3768.21 ] /mol

3768.2 J/mol

37.68 k] /mol

75.35 kj/mol

. 150.70 kJ/mol

i. Noneofa)-h)

o (0.7)% 0.1

@r".m a0 oW

G T e T o
A e LRE A K . R 3w 2S00 g ¥ 2
(= n R, - : “Ka O 0ticc 7
14
58,34 2500 . 3. (29K Z;/

= 7855 S
p

ol



2. In an experiment, the vapor pressure of aliquid is measured as 15 kPa at 320K,
and as 180 kPa at 450 K. Calculate from these data the enthalpy of vaporization

AvapH of the llqu1d
a. -22.89KkJ/mol
b. -8.50 kJ/mol
c. -0,850 KJ/mol
d. 0.850 KJ/mol
e. 8.50k]/mol
(¥ 22.89 kJ/mol
g. None ofa) - f)
P P A Ayap b T -
e A S
/ A / K ]: 7\
C
=>4 H - 2T
- M:Z/f v27 - k ’Zh "/:)"’ -
AN
- /g6 320 - 757
= 4.37r9¢ '['1"‘{ »)Z. //
S G5y -320 (mel
SL s L nasyy 2L 2
/30 ol

Z
= L3045 2. q48%7 /) OF 63 aar

=247 0



. The equilibrium constant K. for a reaction 2A < 2 Y + Z is 0.02 mol/! at an
temperature T=1600 K. Calculate kp at that temperature.

a. 0.0026 bar
b. 0.0266 bar
c. 0.2661bar

(d> 2.66 bar

e. 26.06 bar
f. noneof a) -e)
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4. The ratio of a component A to water collected in a steam distillation is 4, when
the mixture was boiled at 344 K and 80 kPa. If the vapor pressure of water at

this temperature is 43.2 kPa, calculate the molar mass of A (molar mass of
water: 18.02 g/mol

a. 13.71 g/mol
b. 27.41 g/mol
c. 54.82 g/mol
/"d,) 84.62 g/mol
e. 124.82 g/mol
f. 146.88 g/mol
g. none of a) -f)
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5. Assume a reaction 3A < Y + 3Z. Initially, 7 mols of pure A are contained in a
volume of 14 1. One mol of A remain at equilibrium in this volume. What is the
equilibrium constant K¢?

0.31mol/l1

3.09 mol/I

5.14 mol/]

10.29 mol/]

15.43 mol/1

d.
e.
O 30.86 mol/l

none of a) - e)
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6. Assume an ideal solution of two components A and B. At T=300 K, P*(A) = 3 kPa,
and P*(B) =9 kPa. Compute the vapor pressure of a solution containing 0.6 mol
fract of A. What is the mole fraction of A in the vapor over the liquid?

0.333

b.
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0.450
0.503
0.600
0.802
none of a) - e)
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Useful Equations and Constants:

H=U+PV AH = AU + A(PV) AGY = AHO - TAS?
.o PY DX
AG:AG°+nRT1n~{)6~ K, = kit d AG’ =-RTInkK?
p PAQR;
og

K. = M%"L) AG =AG’ +RT In Mﬁ_)

[aF[B} )., [af[B} -

NS 4
Ka = “_aa—;{c—zz‘” KI’ =KC(RT)2V KP mePEV

agab ),

3G dinK} AH° dinK;  AH®
Ha N . dT  RT? d(/T) R

o AH® 1 AS°  dInK. AU°® dinK;.  AU°®
IIIK/,=-~ e o £ 3 T
R T R dT  RT dT) R
K overall = HK i AG«)veml[ = EAGI f =C-p+ 2
P=Px n P no_y-x
ny Py n, Xy — X

AP AyupHn
PdT =~ RTZ
L 6.022 x 1023 mol!, kg = 1.381 x 103 | K1, h = 6.626 x 1034] S

R 8.3145 ] K'1 mol-!

1atm =101325Pa=1.01325 bar

1 bar = 100000 Pa
Kw= 101 mol?2 dm*®
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