Exam Two

22 February 2006

Signature:

Academic Integrity Pledge:
In keeping with Creighton University’s ideals and with the Academic Integrity Code
CHM 205 (DI’. Mattson) adopted by the College of Arts and Sciences, I pledge that this work is my own and that

I have neither given nor received inappropriate assistance in preparing it.

Instructions: Show all work whenever a calculation is required! You will receive credit for how you worked each problem
as well as for the correct answer. This exam is worth 50 points. BOX YOUR ANSWERS!

1. (2 pts) Write the equilibrium expression, K, for the

reaction:

Ny(g) + 3 Hy(g) & 2 NH(g)

2. (2 pts) Write the equilibrium expression, Kp for the

reaction:

Xe0 (1) &= Xe(g) + 2 Oy(g)

3. (3 pts) Referring again to the equilibrium shown In
Question 1, what is the numerical value of K, if, at

equilibrium, the following concentrations were
determined? [Ng] =0.34 M; [Hy] = 0.66 M; [NH4] =

3.19 M

4. (3 pts) The following equilibrium has a value of 54.0
at 700 K:

Hy(g) + Iy(g) & 2 HI(g) K, =54.0

At some point, the concentrations of the three gases
were determined to [Hg] = 2.44 M; [Iy] = 2.44 M;
and [HI] = 3.71 M. (a) Is the system at equilibrium?
(b) If not, which direction must it shift in order to
attain equilibrium?

(a)

(b)

5. (3 pts) Continuing with Question 4, what are the
equilibrium concentrations of each gas?

6. (5 pts) Consider the equilibrium
2 NO(g) & 04(g) + Ny(g)

A sample of NO(g), depicted as .O, was placed in
a container (A) and allowed to come to equilibrium
as shown in the time sequence A — E. Note that

neither Oy(g) nor No(g) is depicted in the sequence.
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(a) At what point is the system at equilibrium? Circle:
0 min; 10 min; 20 min; 30 min; 40 min; >40 min
(b) To complete the diagrams by adding Og and N,

molecules, how many would you add to each box?

0 min 10 min 20 min 30 min 40 min
Oy 0
N2 0

(c) What is the equilibrium constant, assuming that
the relative numbers of molecules represent the
molar concentrations of the substances involved?

7. (2 points) How does the equilibrium constant and
the rate constants relate to one another? [Hint:
Think of the shoe boxes demo with the two cups.]

(a) Kc = kfwd/ krev (b) Kc = kfwd * k]rev
(©) Ke = kyey / Ky (d) K¢ = kgyq



8. (5 pts) In class, we examined the equilibrium:

NyOy(e) &2 NOyg) K 2% =0.36

(a) NyOy is colorless and NOyis red-brown. Heating

the mixture makes the contents became darker red-
brown. This implies that the reaction, as written,
is: [Circle: endothermic or exothermic.]

(b) Adding more NO,, to the equilibrium mixture will

result in the reaction shifting [Circle: left or right]
to re-attain equilibrium.
(c) At temperatures greater than 298, K, would be

[Circle: < 0.36; = 0.36; or > 0.36]

(d) If the volume of the container were reduced, all of
the concentrations would increase due to the new
smaller size. In order to re-attain equilibrium, the
system have to shift [Circle: left or right].

(e) What is the value of K, for the same equilibrium,

but written as:

2 NOy(g) == N,0,(g) K.28=2

9. (2 pts) Which of the following is the most acidic?
(a) pPOH = 3.0
(©pH=9

(b) [H50"] =1x 104 M
(d)[OH]=1x101M

10. (2 pts) Which of the following weak acids would
give the lowest pH as a 1.0 M solution?

(2) HA,K,=1x 1073
(0 HC,K,=1x 105

(b) HB, K, = 1 x 10
() HD, K, =1 x 107

11. (2 pts) Referring to Question 10, which of the
following weak bases would give the lowest pH as a
1.0 M solution?

(a) NaA (b)) NaB (¢ NaC  (d) NaD

12. (6 pts) Classify each of the following substances as
strong acid (sa), weak acid (wa), neutral (n), weak
base (wb) or strong base (sb).

(a) HBr sa wa n wb sb
(b) NaBr sa wa n wb sb
(c) HF sa wa n wb sb
(d) KF sa wa n wb sb
(e) KOH sa wa n wb sb
(H) NH,NO4 sa wa n wb sb

13. (3 pts) What is the pH of a 0.00457 M KOH
solution?

14. (3 pts) What is the pH of a 0.40 M solution of
hypochlorous acid, HOCI? [Given: K, = 8.5 x 1078

15. (4 pts) Complete the following table matching the
conjugate weak acid and weak base.

Weak acid Conjugate weak base
HF

CN-
HyCOg4

S0472

16. (3 pts) Determine if NagHPO, is a better weak

acid or weak base. Show all work! [Given:
Phosphoric acid, H3POy: K;; = 7.5 x 10-3;

Ky =62x108 K 3=48x 1019

Conclusion:

17. (BONUS 1 point) Print your name here:

Your exam score (50 possible):
PrenHall/Pop Quiz (0 — 5 max.):
Adjusted exam score (50 max.):

Determine your grade:
A>46.5;B+>432; B> 41.0;C+> 37.5: C > 34.00; D > 30.00

f




Answers:
1. Ko = [NH3]%[ No][ Ho]?

2. Kp=(Pxe) x (P oy)?

3. K, = 104

4. Q. = 2.31, therefore it must shift right
5. [Ho] =[I9] =0.92 M; [HI] =6.75 M

6a. 20 minutes

6b.
0 min 10 min 20 min 30 min 40 min
Oy 0 1 2 2 2
Ny 0 1 2 2 2
6c. K. = 0.25
7.a

8. (a) endo; (b) left; (c) > 0.36; (d) left; (e) K, = 2.78
9. b; 10. a; 11. a

12. sa, n, wa, wb, sb, wa

13. 11.66; 14. 3.93
15.
Weak acid Conjugate weak base
HF F-
HCN CN-
HSO3" 80,7

16. as a wa: HPO4 2 + HoO «=—H30"+P0O,3  K,;3=4.8x10°13
as a wb: HPO,2 + HyO «<=— OH- + HyPO," Kp, = Ky/Kg9 (for HyPO,") = 1.6 x 10-7
Therefore, HPO,2 is a better base.



