BCIT
Winter 2016

Chem 0012

Exam #1

Name:

Attempt all questions in this exam. Read each question carefully and give a complete answer in
the space provided.

Part marks given for wrong answers with partially correct reasoning/calculations.

Equations, constants and aperiodic table are attached at the back.

Total points = 30
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Section I: Multiple choice (15 points total, 1 point each)
Choose the BEST answer to the following questions.

1. Which of the following reactions will be slowest at room temperature?
() Zn(s) +S(s) > ZnS(s)
b) Cu(s) +2AgNOs(aq) = Cu(NOs),(aq) + 2Ag(s)
c) Pb(NOs),(aq) + 2KlI(aq) = Pbl,(s) + 2KNOs(aq)
d) HC;H30,(aq) + KOH(aq) = KC,H30,(aq) + H,0(7)

2. Nitrogen monoxide and hydrogen react according to the following equation:
2NO(g) + 2H,(g) - Na(g) + 2H,0(/)
If the rate of hydrogen consumption is 0.087 g/min, what is the rate of nitrogen production?
a) 0.044 g/min
@ 0.61 g/min
c) 1.2 g/min
d) 2.4 g/min

3. Increasing the temperature of a reaction increases the reaction rate by

I Increasing the frequency of collisions

Il Increasing the kinetic energy of collisions

1] Decreasing the potential energy of collisions

a) lonly

@D land Il only
c) Iland Il only
d) 1, 1land Il

4. What effect does a catalyst have on a reaction?
a) It changes the AH of a reaction.
b) Itincreases the kinetic energy of the reactants.
c) It decreases the potential energy of the products.

@ It provides a reaction mechanism with lower activation energy.
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5. Which of the following would result in a successful collision between reactant particles?
a) particles have sufficient kinetic energy
b) particles convert all their potential energy into kinetic energy
c) particles are in an excited state and are catalyzed

@ particles have sufficient kinetic energy and proper molecular orientation

6. The following reaction has an E, = 167 kJ:
28 kJ + Hy(g) + 15(g) = 2HI(g)

Which of the following potential energy diagrams below represents this reaction?

®) B.

PE 139 kJ PE 167 kJ
(k) (k) \
Progress of the reaction Progress of the reaction
& D.
28 kJ
PE | 195 J PE
(kD) (k1)
Progress of the reaction Progress of the reaction

7. Consider the following reaction mechanism:

Step1 | Ce* + Mn?** > Ce3* + Mn3*

Step2 | Ce* + Mn3* - Ce3* + Mn**

Step3 | TI* + Mn** > TI3* + Mn?*

The catalyst is
a) Ce*
@ Mn*
c) Mn3*
d) TP*
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8. The following reaction is first order with respect to A and second order with respect to B.
A+B>C+D
The concentrations of both A and B are doubled. Assuming no temperature change, which
statement makes an accurate comment about the reaction rate?

a) thereaction rate would stay the same
b) the reaction rate would increase by a factor of 2
c) the reaction rate would increase by a factor of 4

@ the reaction rate would increase by a factor of 8

9. Consider the following equilibrium:
205(g) = 30(g) Keq = 65

Initially, 0.10 mol of O3 and 0.10 mol O, are placed in a 1.0 L container. Which of the
following describes the changes in the concentration as the reaction proceeds toward
equilibrium?

[Os] [O.]
a) decreases decreases
@ decreases increases
c) increases decreases
d) increases increases

10. Consider the following system at equilibrium:
NHs(aq) + H,0(#) = NH,*(aq) + OH™(aq)

How are K4 and [NHs] affected by the addition of OH™ into the container?

Keq [NH;]
a) no change decreases
b) no change no change
@) no change increases
d) decreases increases
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11. Consider the following system at equilibrium:
N,04(g) + heat = 2NO,(g)

How are K4 and [N,0,] affected by an increase in the container’s volume?

Keq [N204]
@D no change decreases
b) no change no change
) no change increases
d) decreases increases

12. A container is initially filed with pure SOs. After a period of time, the following equilibrium is
established:

H,S0s(aq) = 2H"(aq) + SO5%(aq) Keq = 1.2x10°
What does this equilibrium mixture contain?
a) mostly products
(B mostly reactants
c) Yireactants and % products

d) equal amounts of reactants and products

13. Consider the following equilibrium:

P4(s) + 50,(g) = P4O10(s)

Identify the equilibrium constant expression.

AN
a) Keq T [P4040]
_ [P404,]
b) Keq = [P4][0,]°

c) Keq = [02]5

1
@ Keq = [02]5

Page 5 of 11



14. Consider the following equilibrium:
CaCOs(s) = Ca0(s) +CO,(g) AH =+175kJ

Which of the following diagrams best represents the change in concentration of CO, as the
temperature is decreased at time t;?

)
co) (o

Time Time

D.

i . [
[cO,] [co,]

4 4
Time Time

15. Consider the following system:
NH;NOs(s) = N,0(g) + 2H,0(g) AH=-37kl

Which of the following is true?

a)

c)

d)

Enthalpy

Entropy

Outcome

favours reactants

favours reactants

reaction does not occur

favours products

favours products

reaction goes to completion

favours reactants

favours products

reaction reaches equilibrium

favours products

favours reactants

reaction reaches equilibrium
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Section Il: Written problems (15 points total).

16. Consider the reaction: A(aq) + B(aq) = C(aq)

a) From the following data obtained at 20°C temperature, determine the rate law and the
rate constant. (5 points)

[A] (M) [B] (M) Reaction Rate (M/s)
0.50 0.050 5.0x10™
0.50 0.150 4.5x10°
1.00 0.050 1.0x10°

Rate = k[A]"[B]Y

R, _ 45x107° Ms™' _ k(0.50 M)*(0.150 M)¥ _ (0.150 M)¥
Ry 5.0x107*M s~ k(0.50 M)*(0.050 M)¥ ~ (0.050 M)¥
9=3Y ~y=2

Ry _ 1.0x1073M s~  k(1.00 M)*(0.050 M)” _ (1.00 M)*

— — — 272X

R, 5.0x10*Ms~1  k(0.50 M)*(0.050 M)Y  (0.50 M)*
2=2% ~x=1 - Rate =k [A][B]?

Rate  5.0x10™* M s~!
[A][B]?2 ~ (0.50 M)(0.05 M)?
Rate = (0.40 M s™) [A] [B]?

k= = 040 M~ 2571

b) What is the reaction rate when [A] = 0.50 M and [B] =0.10 M at 20°C? (1 point)
Rate = k[A] [B]? == (0.40 M2 s") [0.50 M] [0.10 M]* = 2.0x10> M s*
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17. Consider the following equilibrium system:

CaCOs(s) = CaO(s) + CO,(g) K.=0.010

Initially, 30.0 g CaCO; were placed in a 2.0 L container. What mass of CO, will be present at

equilibrium? (2 points)
K. =[CO,] =0.010
so the [CO,] =0.010 M

0.010 mol COZ) (44.0 g Cco,
L mol CO,

(2.0 L)( ) =0.88 g CO,

18. Consider the following two equilibria:
Eql HF(ag) = H'(aq) + F(aq) Ky = 3.4x10™
Eq2 H,0(¢) = H*(aq) + OH (aq) K, = 1.0x10™*
a) What is the value of K¢ for the following equilibrium? (1 point)

H'(aq) + F-(aq) = HF(aq)
the equilibrium is the reverse of eq 1
K= (Ky)? = (3.4x10%) " = 2.9x10°
b) What is the value of K¢, for the following equilibrium? (2 points)

F-(aq) + H,0(¢) = HF(aq) + OH(aq)

the equilibrium is the sum of the equilibrium in part a and eq 2

K= (Ki)" K; = (3.4x10%) ™" (1.0x10™)= 2.9x10™
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19. Consider the following equilibrium system:
N(g) + O,(g) = 2NO(g) K. =0.095

Initially, 0.30 mol of N, and 0.30 mol of O, were placed in a 2.0 L reaction vessel. Calculate
the concentrations of all the species at equilibrium. (4 points)

0.30 mol
[Nz]o = [02]0 = 2.0an

N, + 0, = 2NO

=0.15M

I 0.15 0.15 0
C -X -X 2X
E 0.15-x 0.15-x 2X
[NO]? (2x)2 2x  \2
K, = 0.095 = = = ( )
[N,][0,] (0.15 —x)(0.15 — x) 0.15—x

2x
(m) =0.095 > 2x = v/0.095(0.15 — x)

note only the positive root needs to be considered since the number is the ratio of two
concentrations

v0.095(0.15)
X =————
2 ++0.095

[N;] =[0,] =0.15-0.020M =0.13 M
[NO] = 2(0.020 M) = 0.040 M

= 0.020
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Equations and Constants

Rate = k[A]*[B]Y

R =0.0820575 L atm mol™* K =8.314 J mol* K

_Eq
k=Ae RT

In(k) = — (%) (%) + In(4)
y=mx+b

PV =nRT

Kp = Kc(RT)A"

In(ab) = In(a) + In(b)

In@@®) = b In(a)

The solution to the quadratic equation ax? + bx +c =0 is

—b+ Vb7 — dac
X =
2a
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