Chemistry 112-2010, Exam #3, April 28 NAME:

Questions 1-15 = 4 points each, no partial credit; Questions 16-20 = 8 points each, with partial credit
ANSWER BOTH SCANTRON and PAPER  Hand in both.

1. When the reversible reaction, N, + O, 2 2 NO, has reached a state of dynamic equilibrium, which
statement below is true?

(a) Both the forward and reverse reactions stop completely and no more NO, N, or O, are
produced.
(b) The rate of the forward reaction equals the rate of the reverse reaction.

(c) The rate constant of the forward reaction equals the rate constant of the reverse reaction.

2. Which of the following best favors a reaction having a fast rate?

(a) low activation energy

(b) high activation energy

(c) low activation energy and high temperature
(d) high activation energy and high temperature
(e) high activation energy and low temperature

(f) low activation energy, high temperature, and negative AH

3. For a reaction with the rate law: Rate = k[A]:
(a) a plot of In[A] vs. time gives a straight line.
(b) a plot of 1/[A] vs. 1/time gives a straight line.
(c) a plotof [A] vs. time gives a straight line.

(d) a plot of 1/[A] vs. time gives a straight line.
[Aly

(e) aplotoflog m vs. 1/time gives a straight line.

4. The gas phase reaction CoHg + Clp — C2Hg4Cl> follows the rate law: Rate = k[CoH4] [CI2]2. If the
concentration of CoHg is doubled while the concentration of Cl remains constant, the initial rate of the

reaction:
(a) increases by a factor of 4.
(b) decreases by a factor of 2.
(c) increases by a factor of 2. because the reaction is first order in C2H4
(d) increases by a factor of 1.5.
(e) remains constant.



5. Use the following information for the reaction: 2A + B — C. Initial rates were measured at different
molar concentrations.

Initial Rate
E i t A B
xperimen [A] [B] (mol/L:s)
1 1.0x 10° 1.0x 10° 53x10"
2 2.0x10° 1.0x 10° 1.06 x 10
3 3.0x107 2.0x10” 1.59x 107
4 2.0x10” 2.0x10” 1.06 x 10
What is the order of this reaction with respect to reactant [B]?
(a) Zero (b) One (c) Two (d) Three

The rate does not change when [B] changes.

6. What is a half-life?
(a) It is a special case when the rate constant equals one-half. (i.e. k=0.5)

(b) A period of time required for the concentration of a reactant to reduce to one-half its
original value.

(c) Itis a rate law that is one-half order: (ie. Rate = k[A]l/Z)

(d) One half the time it takes for the reaction to go to completion.

(e) A period representing the amount of time required for an initial concentration of a reactant
to reduce to 0.5 M.

7. Consider the system, 2 CH,Cl,(g) 2 CHa(g) + CCly(g), which has an equilibrium constant of
K =2.4.If a system has:

[CH,Cl,] = 0.22 M

[CH,] = 1.64 M

[CCl,] = 0.58 M

then, (a) the system is at equilibrium
(b) the system is not at equilibrium and will react to form more CH,Cl,

(c) the system is not at equilibrium and will react to form more CH, and CCl,

Q=(1.64)(0.58)/(0.22) = 19.7; Q > K, so product concentrations are too high; reaction shifts left.

8. lodine-123 is used to study thyroid gland function. This radioactive isotope breaks down in a first
order process with a half-life of 13.1 hours. What is the rate constant, k for the process?

(a) 0.0529 hr*  (b) 6.55 hr™ (c) 9.08 hr (d) 189 hr'  (e)26.2 hr'



for a first order reaction, k = 0.693/t,,

9. For the reaction 2 SO,Cl,(g) 2 2 SO,(g) + 2 Cl,(g) , the expression for K, is

_[SO,P[CL P

@ 80,07

10. The following system is at equilibrium CHj4(g) + CCls(g) 2 CH,Cly(g).
If CCl4 is removed from the sample, what will then happen to the concentrations of CH, and of CH,Cl,?

(a) both [CH,4] and [CH,Cl,] will increase

(b) both [CH,4] and [CH,Cl,] will decrease

(c) [CH,] will decrease and [CH,Cl,] will increase

(d) [CH,] will increase and [CH,CI,] will decrease

(e) [CH,4] will remain constant and [CH,Cl,] will increase

Reaction shifts left to replenish the decreased CCl4.

11. What are [H;0] and [OH_] for a solution that has a pH of 9.0?

(a) [Hs0'1=9M and [OH ]=5M

(b) [Hs0'1=5M and [OH ]=9M

(c) [H:0]=1x10°M and [OH ]=1x10°M
(d) [Hs0'7=1x10°M and [OH ]=1x10°M
(e) [H:0"1=1x10°M and [OH ]=1x10°M

12. What is the conjugate base of HC204-?

(a) HoC,04 (b) C,0/ (c) 2 CO, (d) HsC04"



Questions 13-15 use the following concentration-time plots. The black line represents reactants and the
light gray line represents products. Answer with the correct letter.
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13. Which reaction goes to completion? B
14. Which reaction has the smallest equilibrium constant? A
15. Which reaction has an equilibrium constant of about 1 (K =1)? C

For questions 16-20, your work MUST be shown. You must use the ICE method where noted. Partial
credit for these problems will be given where appropriate.

16. The rate constant for a first order reaction at 773 K is 1.68 s*. The rate constant for this process at
873Kis 14.6 s

What is the activation energy for the reaction in kJ/mol? (R =8.314 J/mol-K)

146 Eal 1 1
168  R[873K 773K

2.162= —%[—0.0001482]

a4 2.162.8.314) /K
0.0001482

=121000J =121kJ



17. A highly toxic pesticide decomposes in the soil via a first order rate law. The rate constant for the
decomposition is 0.0995 days™. How long will it take for it to decompose to 10% of its original
concentration? In days.

The key here is that [R]/[R], = 0.10

In(0.10) = -kt

-2.303 =-0.0995 day™ t

t = 2.303/0.0995 days = 23.1 days

18. Butene isomerizes to form isobutane.
butene & cyclobutane K=6.0

If a sample of 1.00 M butene is placed in a flask and allowed to react, what will [cyclobutane] be once
equilibrium is established?

Show your work, the ICE method must be used and presented correctly.

butene &  cyclobutane
Initial 1.00 0
Change -X +X
Equilibrium 1.00 —x X

6.0(1.0-x) = x
6.0-6.0x =x
6.0=7x

x =6/7 =0.857 = [cyclobutane]



19. What is the pH of a 0.30 M solution of CH;CO,H? K, =1.8x 10”

Show your work, the ICE method must be used and presented correctly.

This is a standard weak acid equilibrium case.

CH3COH + H,O0 = H,0"+ CH;CO,

initial 0.30 0 0
change -X +X +X
Equilibrium 0.30 — x X X

_[H,0'][CH,CO, 1 X x?

K=18x10" ~
[CH,CO,H]  0.30-x 0.30

X =40.3041.8x107 =0.00232M =[H,0"]

pH =-l0g(0.00232) = 2.63

20. Consider the reaction, C3HgCIOH(aq) = CsHsOH(aq) + HCl(aq) which is first order in C3HgCIOH with a
rate constant of 0.125 min™. If the reaction is started with [C3H¢CIOH] = 0.88 M, what will the pH be
after 15 minutes?

This problem requires you to determine how much C3HsCIOH reacts in 15 minutes. That then will tell you
how much HCl is produced. That, in turn tells the pH.

[C5HsCIOH] 15min = 0.88 M e 12/ = 0,135 p
The change in [C3HsCIOH] = 0.88 M —0.135 M = 0.745 M
Each C3HsCIOH that reacts produces one HCl, so, [HCl] ;5 min = 0.745.

[H;0] =0.745; pH=0.128



pH
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