Ch 14: Kinetics Practice Problems

AP Chemistry

1. For the reaction: 2 A + 2 B  C + D

The following data about the reaction above were obtained from three experiments:

	Experiment
	[A]
	[B]
	Initial Rate of Formation of C (mole.liter-1min-1)

	1
	0.60
	0.15
	6.310-3

	2
	0.20
	0.60
	2.810-3

	3
	0.20
	0.15
	7.010-4


a. What is the rate equation for the reaction?

R = k[A]^2 [B]^1  

b. What is the numerical value of the rate constant k? What are its dimensions?



.12 M^-2 min^-1



c. Propose a reaction mechanism for this reaction.


A → C 
Fast


A+B → E 
Slow


E+B → D
Fast


2A + 2B → C + D

2. [image: image1.wmf]Data for the chemical reaction 2A  B + C were collected by measuring the concentration of A at 10-minute intervals for 80 minutes. The following graphs were generated from analysis of the data.

[image: image2.wmf]
Use the information in the graphs above to answer the following.

Write the rate-law expression for the reaction. Justify your answer.

R = k[A] Since graph between ln[A] and Time is linear

Describe how to determine the value of the rate constant for the reaction.



k = (-1) slope in the second graph

3. A rate study of the reaction represented above was conducted at 25ºC. The data that were obtained are shown in the table below.

	Experiment
	Initial [NO] (mol L–1)
	Initial [Br2] (mol L-1)
	Initial Rate of

Ap​pearance of NOBr (mol L–1 s–1)

	1
	0.0160
	0.0120
	3.24x10–4

	2
	0.0160
	0.0240
	6.38x10–4

	3
	0.0320
	0.0060
	6.42x10–4


a. Calculate the initial rate of disappearance of Br2(g) in experiment 1.


d[Br2]/dt = -1.62e-4 M/s

b. Determine the order of the reaction with respect to each reactant, Br2(g) and NO(g). In each case, ex​plain your reasoning.


R = k [NO]^2 [Br2]^1

c. For the reaction,

i. Write the rate law that is consistent with the data.



R = k [NO]^2 [Br2]^1

ii. Calculate the value of the specific rate con​stant, k, and specify units.




K = 105.4 M^-2 s^-1

d. The following mechanism was proposed for the reaction:

Br2(g) + NO(g)  NOBr2(g)

slow

NOBr2(g) + NO(g)  2 NOBr(g)
fast

Is this mechanism consistent with the given exper​imental observations? Justify your answer.


No; the mechanism produces order 1 for Br2

In Class Assignment: Ch 17 Problem Set C:

Brown/LeMay: Ch 17 #20, 23, 27, 40

Zumdahl: Ch 15, #52

AP Chem

20) A buffer consisting of H2PO4- and HPO42- helps control the pH of physiological fluids.  Many carbonated soft drinks also use this buffer system.  What is the pH of a soft drink in which the major buffer ingredients are 6.5 g of NaH2PO4 and 8.0 g of Na2HPO4 per 355 mL of solution?



PH = 7.22

23) A 20.0 mL sample of 0.200 M HBr solution is titrated with 0.200 M NaOH solution. Calculate the pH of the solution after the following volumes of base have been added:  (a) 15.0 ml; (b) 19.9 mL; (c) 20.0 mL; (d) 20.1 mL; (e) 35.0 mL.



A – 1.54; B – 3.3; C – 7; D – 1.07; E – 12.74

27) A 50.0 mL sample of 0.150 M acetic acid, HC2H3O2, is titrated with 0.150 M NaOH solution. Calculate the pH after the following volumes of base have been added:  (a) 0 ml; (b) 25.0 mL; (c) 49.0 mL; (d) 50.0 mL; (e) 51.0 mL; (f) 75.0 mL.



A – 2.8; B – 4.74; C – 6.44; d – 8.81; E – 11.17; F- 12.48
40) Calculate the solubility of Mn(OH)2 in g/L (a) at pH 7.0; (b) at pH 9.5; (c) at pH 11.8.

A- 19 M; B- 1.9 X 10^-4 M; C- 4.8 X 10^-9 M
52) Sketch the titration curve for the titration of a weak base B with a strong acid.  The titration reaction (neutralization) is:
B + H+ ↔ BH+

On the curve, label the points that correspond to:

a. the equivalence point

b. the region with maximum buffering

c. pH = pKa

d. pH depends only on [B]

e. pH depends only on [BH+]

f. pH depends only on amount of strong acid added.

Titration Challenge Problems

AP Chem

1. Ka acetic acid = 1.8x10-5

a. Determine the pH of a 2.0 M solution of acetic acid.


2.22

b. A buffer solution is prepared by adding 0.10 L of 2.0 M acetic acid solution to 0.10 L of a 1.0 M sodium hydroxide solution.  Determine the hydrogen ion concentration of the buffer solution.


1.8e-5M; pH = 4.74

c. Suppose that 0.10 L of 0.50 M hydrochloric acid is added to 0.040 L of the buffer prepared in (b). Compute the hydrogen ion concentration of the resulting solution.



0.214 M

2. A solution is prepared from 0.0250 mole of HCl, 0.10 mole propionic acid, C2H5COOH, and enough water to make 0.365 L of solution. Determine the concentrations of H3O+, C2H5COOH, C2H5COO-, and OH- in this solution. Ka for propionic acid = 1.3x10-5


[H3O+] = 0.068M


[C2H5COOH] = .274M


[C2H5COO-] = 5.2e-5 M


[OH-] = 1.46e-3 M

3. [image: image3.wmf]X 
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A 30.00 mL sample of a weak monoprotic acid was titrated with a standardized solution of NaOH. A pH meter was used to measure the pH after each increment of NaOH was added, and the curve above was constructed.

a. Explain how this curve could be used to determine the molarity of the acid.

Moles of acid = moles of base at equivalence point

b. Explain how this curve could be used to determine the dissociation constant Ka of the weak monoprotic acid.

Half equivalence point, pH = pKa around 7 pH; Ka = 1e-7

c. If you were to repeat the titration using a indicator in the acid to signal the endpoint, which of the following indicators should you select? Give the reason for your choice.

Methyl red

Ka = 1x10-5

Cresol red

Ka = 1x10-8 ← pH = pKa

Alizarin yellow
Ka = 1x10-11

d. Sketch the titration curve that would result if the weak monoprotic acid were replaced by a strong monoprotic acid, such as HCl of the same molarity. Identify differences between this titration curve and the curve shown above.

4. A chemical reaction occurs when 100. mL of 0.200 M HCl is added dropwise to 100. mL of 0.100 M Na3P04 solution.

a. Write the two net ionic equations for the formation of the major products.

PO3- + H+ → HPO4 2-

b. Identify the species that acts as both a Bronsted acid and as a Bronsted base in the equation   in  (a), Draw the Lewis electron-dot diagram for this species.
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Sketch a graph using the axes provided, showing the shape of the titration curve that results when 100. mL of the HCl solution is added slowly from a buret to the Na3PO4 solution. Account for the shape of the curve.

d. Write the equation for the reaction that occurs if a few additional milliliters of the HCl solution are added to the solution resulting from the titration in (c).



H2PO4- + H+ → H3PO4

Ch 13, 14, 16 Multiple Choice Review Worksheet

Name(s):

AP Chemistry






Date:


Pd: 1  2  3  4

For each of the following problems, work by yourself or with a partner.  Each question should take you an average of 1 minute.  Show your work!

1. When a nonvolatile solute is dissolved in water to form a solution, the vapor pressure of the solution (compared to pure solvent):

(A) Increases

(B) Decreases 

(C) Remains the same 

(D) May either increase or decrease

2. Which of the following is most soluble in water?

(A) SiO2

(B) CH3-O-CH3

(C) CaCO3 

(D) NaCH3CO2 

(E) CO2

3. Which of the following will have the lowest freezing point?

(A) 0.15 M glucose 

(B) 0.15 M sucrose 

(C) 0.15 M NaCl 

(D) 0.30 M CH3COOH

4. The rate of a chemical reaction between substances A and B is found to follow the rate equation rate = k[A]2[B] where k is a constant. If the concentration of A is halved, what should be done to the concentration of B to make the reaction go at the same rate as before?

(A) The concentration of B should be kept constant.

(B) The concentration of B should be doubled.

(C) The concentration of B should be halved.

(D) The concentration of B should be quadrupled.

5. The half-life of 14 C is 5570 years. How many years will it take for 90% of a sample to decompose?

(A) 5,570 years 

(B) 17,700 years 

(C) 18,600 years 

(D) 50,100 years

6. The slowest step of a reaction is called the

(A) elementary process.

(B) order.

(C) molecularity.

(D) rate-determining step.

7. The rate of the reaction 2 NO + Cl2 → 2 NOCl is given by the rate equation rate = k[NO]2[Cl2]. The value of the rate constant can be increased by:

(A) increasing the concentration of NO.

(B) increasing the concentration of Cl2 .

(C) increasing the temperature.

(D) doing all of these.

8. The rate of the reaction 2A + B -----> Products 

is consistent with first-order kinetics for both A and B. Which reaction mechanism is consistent with this information?

(A) A + B -----> AB

(slow)

AB + A -----> Products

(fast)

(B) A + A -----> A2 

(slow)

A2 + B -----> Products 

(fast)

(C) A + B -----> AB 

(fast)

AB + A -----> Products 

(slow)

(D) A + A -----> A2 

(fast)

A2 + B -----> Products 

(slow)

9. For a first order reaction, a curve (something that's not a straight line) is obtained for the following except:

(A) [A] vs. time

(B) log[A] vs. time

(C) 1/[A] vs. time

(D) [A] vs. 1/ time

(E) log k vs. 1/ time

10. How many moles of pure NaOH must be used to prepare 10.0 L of a solution that has a pH of 13.00?

(A) 1.0 mol 

(B) 0.10 mol 

(C) 0.011 mol

(D) 0.0010 mol

11. A 0.20 M solution of the hypothetical weak acid HZ is found to have a pH of exactly 3.0. The ionization constant, Ka , of the acid HZ is:

(A) 0.6 

(B) 1.0 x 10-3 

(C) 2.0 x 10-4 

(D) 5.0 x 10-6

12. Which statement is a logical consequence of the fact that a 0.10 molar solution of potassium acetate, KC2H3O2, is less basic than a 0.10 molar solution of potassium cyanide, KCN?

(A) Hydrocyanic acid (HCN) is a weaker acid than acetic acid.

(B) Hydrocyanic acid is less soluble in water than acetic acid.

(C) Cyanides are less soluble than acetates.

(D) Acetic acid is a weaker acid than hydrocyanic acid.

13. Which species is most likely to function both as an acid and as a base?

(A) Cl– 

(B) H2O 

(C) NH4+ 

(D) H3O+

14. If the pKa of the acid HX is 8.0, the Kb for X- is

(A) 108 

(B) 10-8 

(C) 106 

(D) 10-6 

(E) None of these

15. Which of the following is a base-conjugate acid pair?

(A) C6H5NH2, C6H5NH3+

(B) Cl-, NH4+

(C) NH3, HC2H3O2

(D) HC2H3O2 , H2O

16. A 0.30 M solution of a weak acid (HA) has an [H+] of 1.66 x10-4 M. What is the Ka of this weak acid?

(A) 4.8 x 101

(B) 5.5 x 10-4

(C) 1.2 x 108

(D) 9.2 x 10-8

(E) The Ka cannot be calculated without additional information.

17. In the reaction: CO32- + H2O  HCO3- + OH-               the carbonate ion is acting as a(n):

(A) Arrhenius base

(B) Arrhenius acid

(C) Bronsted-Lowry base

(D) Bronsted-Lowry acid

18. Which of the following represents a Bronsted-Lowry conjugate acid-base pair?

(A) SO32- and SO2

(B) CO32- and CO 

(C) H3O+ and H2 

(D) NH4+ and NH3

19. 10.0 ml of a solution of HCl required 12.5 ml of 0.400 M Ba(OH)2 for complete neutralization. How many moles of HCl were present in the sample?

(A) 5.00 x l0-3 

(B) 1.00 x 10-2 

(C) 1.00 

(D) 2.00

20. What is the molarity of CH3COOH in vinegar containing 4.0% CH3COOH by mass and having a density of 1.02 g/ml?

(A) 0.50 M 

(B) 0.68 M 

(C) 0.75 M 

(D) 1.36 M

21. If 5.00 ml of 15.4 M HNO3 is diluted to 250 ml, what is the pH of the resulting solution?

(A) 0.51 

(B) 0.76 

(C) 1.45 

(D) 2.89

Acid Base and Ksp Problems

Ksp Problem

MgF2(s)  Mg2+(aq) + 2 F–(aq)

In a saturated solution of MgF2 at 18˚C, the concentra​tion of Mg2+ is 1.2110–3 molar. The equilibrium is represented by the equation above.

(a)
Write the expression for the solubility-product constant, Ksp, and calculate its value at 18˚C.


Ksp = [1.21e-3][2.42e-3]^2 = 7.08e-9

(b)
Calculate the equilibrium concentration of Mg2+ in 1.000 liter of saturated MgF2 solution at 18˚C to which 0.100 mole of solid KF has been added. The KF dissolves completely. Assume the volume change is negligible.


x = 7.08e-7M

(c) Predict whether a precipitate of MgF2 will form when 100.0 milliliters of a 3.0010–3-molar Mg(NO3)2 solution is mixed with 200.0 milliliters of a 2.00l0–3-molar NaF solution at 18˚C. Calcu​lations to support your prediction must be shown.


No precipitate; Q = 1.78 e-9, Ksp = 7.09 e-9

(d) At 27˚C the concentration of Mg2+ in a saturated solution of MgF2 is 1.1710–3 molar. Is the dis​solving of MgF2 in water an endothermic or an exothermic process? Give an explanation to sup​port your conclusion.



Increase temperature, solubility decreases. Therefore, exothermic

Acid Base Problem


(a)  What is the pH of a 2.0 molar solution of acetic acid. Ka acetic acid = 1.810–5


2.22



(b) A buffer solution is prepared by adding 0.10 liter of 2.0 molar acetic acid solution to 0.1 liter of a 1.0 mo​lar sodium hydroxide solution. Compute the hydro​gen ion concentra​tion of the buffer solution.


4.74

(c) Suppose that 0.10 liter of 0.50 molar hydrochloric acid is added to 0.040 liter of the buffer prepared in (b). Compute the hydrogen ion concentration of the re​sulting solution.


.214 M

Acid Base, Ksp, Buffers Practice Problems

Chemistry AP

Name_______________Per 2  3  4  5   6 

1. HF (aq) + H2(l)  H3O+(aq) + F-(aq)     Ka= 7.2 X 10-4

a. Write the equilibrium constant expression for the dissociation of HF in water.


Ka = [H3O+][F-]/[HF] = 7.2e-4

b. Calculate the molar concentration of H3O+ in a 0.40 M HF solution.


.017 M

HF reacts with NaOH according to the following reaction:


HF (aq) + OH- (aq)  H2O(aq)   + F-(aq)

A volume of 15 mL of 0.40 M NaOH is added to 25 mL of 0.40 M HF solution. Assume that volumes are additive. 

c. Calculate the number of moles of HF remaining in the solution.


0.004

d. Calculate the molar concentration of F- in the solution.


0.15 M

e. Calculate the pH of the solution.


3.32

2. Answer the following questions relating to the solubilities of two silver compounds Ag2CrO4 and Ag3PO4. Ksp for Silver Chromate is 2.6 X 10-12at 250C.

a. Write equilibrium constant expression for dissolving Ag2CrO4.


Ag2 CrO4 ↔ 2Ag+ + CrO4 2-


Ksp = [2Ag+]^2 [CrO4 2-] (Silver chromate is solid)



b. Calculate the concentration in mol/L of Ag+ in a saturated solution of Ag2CrO4 at 250C.


1.7e-4 M

c. Calculate the maximum mass, in g, of Ag2CrO4 that can dissolve in 100.mL of water at 250C.


0.00287 g

d. A 0.100 mol sample of solid AgNO3 is added to a 1.00 L saturated solution of Ag2CrO4. Assuming no volume change, does [CrO42-] increase, decrease, or remain the same. Justify.


Decrease; Ksp is the same

In a saturated solution of Ag3PO4 at 250C, the concentration of Ag+ is 5.3 x 10-5. 

e. Write balanced equation for dissolving Ag3PO4 in water.


Ag3PO4(s) ↔ 3Ag+ (aq) + PO4 3- (aq)

f. Calculate the value of Ksp for Ag3PO4.


2.62e-18

g. A 1.00 L sample of saturated Ag3PO4 is allowed to evaporate at 250C to a final volume of 500. mL. What is the Ag+ in the solution? Justify your answer.


5.29e-5 M

