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Exam 2A 
Chem 1142 
Spring 2019 
Name:  
MULTIPLE CHOICE. [2 pts ea.] Record the best response on the scantron sheet. [50 pts total.] 

Q1. Which version of the exam do you have? 
A) 2A 
B) 2B 
C) 2C 
D) 2D 

Q2. Given the chemical equation: 
 2SO3(g) ⟶ 2SO2(g) + O2(g) 
The reaction rate is equal to: 
A) + ⅓ D[SO3]/Dt 
B) + ½ D[SO2]/Dt 
C) –D[O2]/Dt 
D) –D[O]/Dt 

Q3. Given the chemical equation: 
 N2(g) + 3H2(g) ⟶ 2NH3(g) 
If the hydrogen concentration decreases by 0.033 M over a 15.0 s period, the average rate of reaction is: 
A) 0.033 M/s 
B) 0.50 M/s 
C) 2.2 × 10–3 M/s 
D) 7.3 × 10–4 M/s 

Q4. Given the chemical equation: 
 CH4(g) + 2O2(g) ⟶ CO2(g) + 2H2O(g) 
The rate law is: 
A) impossible to determine 
B) rate = k [CH4][O2]2 
C) rate = k [CO2][H2O]2 

D)  

Q5. The units for the rate constant, k, for a first-order reaction are: 
A) M 
B) M–1·s–1 
C) M·s–1 
D) s–1 

rate=
CO2[ ] H2O[ ]2

CH4[ ] O2[ ]2
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Q6. If the rate of a reaction increases by a factor of nine when the concentration of one reactant is increased by a 
factor of three, the order with respect to this reactant must be: 
A) first 
B) second 
C) third 
D) sixth 

Q7. A plot of ln [A] vs time is linear for the reaction: A ⟶ B. This information can be used to determine: 
A) the reaction is zeroth order with respect to A 
B) the reaction is first order with respect to A 
C) the reaction is second order with respect to A 
D) the slope of the graph is equal to  –EA/R 

Q8. A first order reaction takes 12 seconds for the concentration of A (the reactant) to decrease from 1.0 M to 
0.50 M. How long will it take for the concentration to decrease from 1.0 M to 0.25 M? 
A) 6.0 s 
B) 12 s 
C) 24 s 
D) 48 s 

Q9. The highest point on an energy vs. reaction progress plot is called the: 
A) transition state 
B) reaction intermediate 
C) frequency factor 
D) degree of exothermicity 

Q10. In general, reactions speed up with increasing temperature. This is primarily due to the fact that increasing 
temperature… 
A) increases the reactant concentrations 
B) increases the frequency of collisions 
C) increases the probability of a collision with E ≥ EA 
D) increases the probability of a collision with a successful orientation 

Q11. What type of plot can be used to determine the activation energy for a reaction? 
A) ln [A] vs. t 
B) 1 / [A] vs. t 
C) 1 / k vs. 1 / T 
D) ln (k) vs. 1 / T 

Q12. The chemical equation, N2(g) + 3H2(g) ⟶ 2NH3(g) is postulated to occur via the mechanism: 
 i) N2 (g) ⟶ 2N(g)  slow 
 ii) 2N(g) + H2(g) ⟶ N2H2(g)  fast 
 iii) N2H2(g) + 2H2(g) ⟶ 2NH3(g) fast 
What should the rate law be? 
A) rate = k [N2][H2]3 
B) rate = k [N2] 

C) rate = k [N]2 

D) rate = k [N2H2][H2]2 
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Q13. What is the molecularity of the elementary step: N2(g) ⟶ 2N(g) ? 
A) unimolecular 
B) bimolecular 
C) termolecular 
D) quadmolecular 

Q14. Catalysts work by: 
A) lowering DHºrxn 
B) lowering the collision frequency 
C) lowering the concentration of intermediates 
D) lowering the activation energy 

Q15. The chemical equilibrium, MgCO3(s) ⇌ MgO(s) + CO2(g), has an equilibrium constant of 3.2 × 10–10 at 
room temperature. At this temperature, an equilibrium mixture should consist of: 
A) mainly CO2 and MgO, with small amounts of MgCO3 
B) mainly MgCO3, with small amounts of MgO and CO2 
C) an equal mixture of MgCO3, MgO, and CO2 
D) An equal mixture of MgO and MgCO3. with a small amount of CO2 

Q16. The reaction, A(g) ⇌ 2B(g) has an equilibrium constant of 100. 
Predict the equilibrium constant for the reaction, B(g) ⇌ ½ A(g) 
A) 10 
B) –50 
C) 0.1 
D) –25 

Q17. For which equilibrium reaction will Kp always equal Kc? 
A) H2(g) + O2(g) ⇌ H2O2(l) 
B) N2(g) + O2(g) ⇌ 2NO(l) 
C) CH4(g) + 2O2(g) ⇌ CO2(g) + 2H2O(l) 
D) N2(g) + O2(g) ⇌ 2NO(g) 

Q18. For the equilibrium, 
 2C(s) + O2(g) ⇌ 2CO(g) 
the partial pressures of gases above pure carbon are 0.010 atm (O2) and 4.3 atm (CO) at 23 ºC. What is Kp 
equal to? 
A) 0.043 
B) 4300 
C) 8.61 
D) 1800 

Q19. For the equilibrium, 
 2A(aq) ⇌ B(aq) 
if we start out with [A] = 1.00 M and [B] = 0.00 M, and end up with [A] = 0.80 M at equilibrium, what must 
the equilibrium constant, Kc, be? 
A) 0.16 
B) 0.25 
C) 0.31 
D) 0.80 
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Q20. Given the equilibrium, 
 NO(g) + H2(g) ⇌ H2NO(g) 
which has an equilibrium constant, Kp = 0.40 at room temperature, predict the direction the reaction will 
proceed to reach dynamic equilibrium if pNO = 0.10 atm, pH2

 = 0.20 atm, and pH2NO = 0.10 atm. 
A) will shift to the left 
B) will not shift—already at equilibrium 
C) will shift to the right 
D) not possible to determine the shift 

Q21. Given the equilibrium, 
 NO(g) + H2(g) ⇌ H2NO(g) ; DHºrxn = –34.0 kJ 
Predict the direction of shift if the concentration of H2(g) is decreased 
A) will shift to the left 
B) will neither shift left nor right 
C) will shift to the right 
D) not possible to determine the shift (must use an ICE-chart) 

Q22. Given the equilibrium, 
 NO(g) + H2(g) ⇌ H2NO(g) ; DHºrxn = –34.0 kJ 
Predict the direction of shift if the total volume is decreased 
A) will shift to the left 
B) will neither shift left nor right 
C) will shift to the right 
D) not possible to determine the shift (must use an ICE-chart) 

Q23. Given the equilibrium, 
 NO(g) + H2(g) ⇌ H2NO(g) ; DHºrxn = –34.0 kJ 
Predict the direction of shift if the reaction temperature is decreased 
A) will shift to the left 
B) will neither shift left nor right 
C) will shift to the right 
D) not possible to determine the shift (must use an ICE-chart) 

Q24. When forming the expression for an equilibrium constant, what substances have an effective 
concentration/pressure of one (1)? 
A) pure solids 
B) aqueous solutes 
C) gases 
D) elements 

Q25. In the Arrhenius equation, the pre-exponential factor, A, is often written as a product of two other factors: 
A = p × Z. The factor “Z” represents the collision frequency. What does the factor “p” represent? 
A) The probability of a collision with E ≥ EA 
B) The probability of a collision with proper orientation 
C) The probability of a collision with a catalyst 
D) The probability of a collision with E ≥ DHºrxn 
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Short Response. 
Show ALL work to receive credit. 

Q26. [12 pts.] A chemist is trying to determine the rate law for a reaction between H2(g) and NO(g). The 
chemical equation is: 
 H2(g) + 2NO(g) ⟶ N2(g) + H2O2(g) 
The chemist decides to use the method of initial rates, whereby different experiments are carried out 
with different initial concentrations, and the rate at the beginning of the experiment is measured. 
The collected data looks like: 

Experiment # [H2] / M [NO] / M initial rate / M·s–1 

1 0.10 0.20 3.2 × 10–5 

2 0.20 0.20 1.28 × 10–4 

3 0.10 0.35 3.2 × 10–5 

 
From this data, determine the rate law, showing all work.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
What is the overall order of this reaction? ______ 
 
What is the value of the rate constant, including units? ________________ 
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Q27. [13 pts.] The chemical equation: A(g) ⟶ B(g) is found to have a rate law, rate = k [A]2. 
 
i) If the initial concentration of A is 0.25 M, and the rate constant is 0.011 M–1s–1, calculate how 
 long it will take for the concentration to reach 0.0025 M. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ii) What happens to the half-life for this reaction over time? Explain. 
 
 
 
 
 
iii) A possible mechanism for the reaction is given below: 
 
 2A(g) ⟶ C(g) + B(g) slow 
 C(g) + A(g) ⟶ 2A(g) fast 
 
Is this mechanism consistent with the rate law given at the beginning of this problem? What can 
you conclude (if anything) about this mechanism? 
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Q28. [12 pts.] Using complete and grammatically correct sentences, answer the following questions: 
 
i) What is meant by the term: heterogenous catalyst? 
 
 
 
 
 
ii) What is a reaction intermediate? 
 
 
 
 
 
iii) What is an “Arrhenius plot?” 
 
 
 
 
 
 
Give mathematical expressions for the following: 
 
iv) Write the expression for Kc for the equilibrium: 
 
H2SO4(aq) + 2H2O(l) ⇌ 2H3O+(aq) + SO4

2–(aq) 
 
 
 
 
 
v) Write the expression for Kp for the equilibrium 
 
2NO2(g) + 2H2(g) ⇌ HNO3(g) + NH3(g) + ½ O2(g) 
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Q29. [13 pts.] The chemical reaction, 
 H2(g) + Br2(g) ⇌ 2HBr(g) 
has an equilibrium constant, Kp = 64.0 at 23 ºC. 
 
If the initial pressure of all three gases (H2, Br2, and HBr) is 0.250 atm, calculate the final 
equilibrium pressures of each gas. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

BONUS Question: 
 
What is the name given to the slowest step in a reaction mechanism? 



 - 9 - 

Useful Information 

 

 

       

 

• 0-order: [A]t = –kt + [A]0       

 

• 1-order: ln[A]t = –kt + ln[A]0     

 

• 2-order:       

 
Kp = Kc(RT)Dng 

Given: ax2 + bx + c = 0, then  

 

R = 8.3145 J
mol ⋅K
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mol ⋅K
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