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Spring 2009

Name_____________________

Short answer and multiple choice questions.

__A____1.  Nitrogen dioxide decomposes to nitric oxide and oxygen via the reaction:


2 NO2  (  2 NO  +   O2    Remember, once you find the rate for NO2, to divide by 2 to get the rate of formation of oxygen
In a particular experiment at 300°C, [NO2]  drops from 0.0100 to 0.00650 M in 100 s The rate of appearance of O2 for this period is __________ M/s. 

A) 1.8 × 10(5       B) 3.5 × 10(5          C) 7.0 × 10(5
D) 3.5 × 10(3          E) 7.0 × 10(3
_D______2. A reaction was found to be second order in carbon monoxide concentration. The rate of the reaction __________ if the [CO] is doubled, with everything else kept the same. 

A) doubles    B) remains unchanged      C) triples 

D) increases by a factor of 4       E) is reduced by a factor of 2.
__B______3.  A reaction was found to be third order in A. Increasing the concentration of A by a factor of 3 will cause the reaction rate to __________. 


A )remain constant     B) increase by a factor of 27     C) increase by a factor of 9 


D) triple       E) decrease by a factor of the cube root of 3  
The data in the table below were obtained for the reaction  A  +  B   (  P

	Run number
	initial [A]   M
	initial [B]    M
	Initial rate, M/s

	1

2

3
	0.273
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0.273

0.819
	0.763

1.526

0.763
	2.83


2.83

25.47


__B_____4.  The rate order of the reaction in A  is    A) first
 B) second    C) third


D) fourth       E) zero

___E____5.   The order of the reaction in  B is is    A) first
 B) second    C) third


D) fourth       E) zero

__38_____________6.  What is the numerical value of the rate constant?  (2.83/(.273^2)
___M-1/s_____________7.  What is the unit of the rate constant?
_______C_8.  The overall rate order of a reaction is best described as the sum of the


A) coefficients in the balanced equation
B) concentrations of all reactants


C) exponents in the rate law

D) forward and reverse reaction rates

Questions 9 and 10 are based on the graph below, for the chemical reaction

___A____9.  Based on this graph, we would assume that the overall reaction is


A) first order 
B) second order  
C) third order

D) fourth order


E)  zero order

____C___10.  The slope of this line is equal to   ( where "k" is the rate constant)


A)  k
B) (k      C)  -2k          D)  Ln k     E)   (1/k      On a test I would accept B,  as the slope of the line is -k,  but this graph is determined by the rate  of disappearance of A, which has a coefficient of 2.  That rate is TWICE the defined reaction rate….

Assume that the decomposition of  peroxide,    2 H2O2   ( 2 H2O    +  O2  


is first order.   In an aqueous solution of H2O2 ,  the rate of production of


oxygen gas is found to be  0.00400 mol/minute.

0.008mol/s11.   Assume that the volume of the peroxide solution is 1.00 liter. What is the


rate of disappearance of the peroxide, in M/ minute?  (Twice the oxygen rate)
_______12.   How much water must be added to the 1.00 liter solution in order to reduce


the rate of appearance of the oxygen to  0.00100 mol/min ?  (Question should have said “instantaneous rate.”     We need to decrease the rate to one fourth of its initial, which since it is first order means decreasing the concentration to one fourth the initial. We need to add 3.00 L of water, to make the volume 4.00 L. 
__C_____13.  Which best describes the effect of an increase in temperature on an exothermic reaction?    


A) both the rate constant and the equilibrium constant increase


B) both the rate constant and the equilibrium constant decrease


C)  the rate constant increases, while the equilibrium constant decreases


D)  the rate constant decreases, while the equilibrium constant increases

 Suppose that the peroxide decomposition can proceed by the following mechanism:  


 1.    H2O2   +   Br(   (    H2O   +   BrO(

  2.      BrO(    (    Br(   +   ½    O2
___B___14.   In the mechanism above,   


A) Br(  is an intermediate, while BrO(  is a catalyst


B) ) Br(  is a catalyst , while BrO(  is an intermediate


C)    O2  is an intermediate, while H2O2  is a catalyst


D) ) Br(  is an intermediate, and BrO(  is an intermediate

15.   Write the net reaction produced through the mechanism above.

       H2O2  (  H2O  +  ½  O2
16.   Write the rate law, if the first step shown above is the rate determining step.

        Rate =  k[ H2O2][Br-]
17.   Write the rate law if the second step is rate determining.  Do not include an


intermediate in the rate law.   Rate = [H2O2][Br-]/H2O]
__C_____18.  The value of Kc for the equilibrium    H2 (g)  +  I2 (g)  [image: image1.png]


  2 HI (g)    is 794 at 25 °C. What is the value of  Kc  for the equilibrium below?   The square root …..

1/2 H2 (g)  +  1/2 I2   (g)  [image: image2.png]


  HI (g)

A) 397     B) 0.035      C) 28      D) 1588        E) 0.0013  

__B____19. Dinitrogentetraoxide partially decomposes according to the following equilibrium:




N2O4  (g)  [image: image3.png]


  2NO2 (g)     Set up ice chart.  N2O4  goes down from  0.400 M  to 0.0055 M.  That is a change of 0.395,  so the NO2 must increase TWICE that, or 0.790.     Using the Keq expression,   0.7902/ 0.0055 =113

A 1.00-L flask is charged with 0.400 mol of N2O4. At equilibrium at 373 K, 0.0055 mol of N2O4 remains. Kc  for this reaction is __________. 


A) 2.2 × 10(4      B) 113       C) 0.22          D) 0.022          E) 0.87 

0.068atm__20.     A sample of  solid NH4HS is placed in a closed vessel, and comes to 


equilibrium..  NH4HS(s)  ⇄ NH3(g)     +   H2S(g)    


If the pressure of the ammonia gas at equilibrium is 0.26 atm., what is the


Kp  of the reaction?

__C____21 At 1000 K, the equilibrium constant for the reaction


2NO (g)  +  Br2 (g)  [image: image4.png]


  2NOBr (g)   is Kp = 0.013.  


Calculate Kp for the reverse reaction,    2NOBr (g)  [image: image5.png]


  2NO (g)  +  Br2 (g).


A) 0.013   B) 1.6 × 10-4      C) 77       D) 0.99       E) 1.1 

0.322________22.  If the system in question 21 is in equilibrium at 1000 K,  and the



pressures of  the NO  and of the Br2  are BOTH found to be



2.00 atm.,  what is the pressure of  the NOBr?    
___A_____23  For the endothermic reaction


CaCO3 (s)  [image: image6.png]


  CaO (s)  +  CO2 (g)

Le Chätelier's principle predicts that __________ will result in an increase in the number of moles of  CO2. 

A) increasing the temperature       B) decreasing the temperature 

C) increasing the pressure             D) removing some of the CaCO3 (s)

E) adding more CaCO3 (s)  

__A_____24.   For the reaction  2 SO2(g)    +   O2(g)   (   2  SO3 (g),   ΔH°  is   < 0



The maximum quantity of SO3  would be produced at equilibrium by


A) decreasing the volume of the reaction vessel, and decreasing the temperature


B) decreasing the volume of the reaction vessel, and increasing the temperature


C) increasing the volume of the reaction vessel, and decreasing the temperature



D) increasing the volume of the reaction vessel, and increasing the temperature

C_______25.    For the reaction    2 C2H6(g)   +  7 O2(g)   ⇄   4 CO2(g)   +   6  H2O (g)


which of the following procedures would increase the equilibrium quantity of carbon dioxide, without changing the value of the equilibrium constant?


A) increasing the temperature
     B) decreasing the temperature


C)  increasing the container volume
D) decreasing the container volume


E)    removing some oxygen from the equilibrium mixture

___B____26.Consider the following reaction at equilibrium:


2NH3 (g)  [image: image7.png]


  N2 (g)  +  3H2 (g)
ΔH° = +92.4 kJ

Le Chätelier's principle predicts that adding N2 (g) to the system at equilibrium will result in __________.   A) a decrease in the concentration of NH3 (g) 

B) a decrease in the concentration of H2 (g) 

C) an increase in the value of the equilibrium constant 

D) a lower partial pressure of N2(g)        E) removal of all of the H2 (g) 
_D______27. What is the conjugate acid of NH3  ? 


A) NH3   B) NH2(    C) NH3+      D) NH4+     E) NH4OH

__SO42-_____28.  The conjugate base of  HSO4(  is     A)  H2SO4     B)  OH(     C) SO42(




D)  HSO4+        E)    H3O+  

  Find the pH of each of the following aqueous solutions.

__10.513_____29.    The [OH(]   is   3.26 x 10(4  M

_____1.398___30.     The hydronium ion concentration is 0.0400 M

_______1.73_31.     A 0.500 molar solution of   HF,  given that the Ka of HF is 6.8 x 10-4  

_11.87_________32.    A 3.00 molar solution of NH3 ,  given a  Kb  of 1.8 x 10(5
__7________33.     0.500 molar   solution of  KCl

___5.04_______34.     A solution containing  2.00 mole of NaC2H3O2  and 1.00 mol of HC2H3O2 in a volume of 2.00 liters    (Ka  of HC2H3O2 is  1.8 x 10(5 ) (BUFFER!)
_____9.37_____35.   A solution containing ONLY the 2.00 mole of NaC2H3O2 in the volume of 2.00 liters.  Find the Kb of C2H3O2  using the Ka, above!  It is 1.00 Molar
Identify each of the following salts as  acidic (A)  basic  (B)   or neutral (N)

__A___36.    Fe(NO3)3                

___N__37.     BaBr2    

____A_38.      NH4Cl

____B____39.  Which of the following ions would be most strongly basic in water?


A)   HCO3(        B)   CO32(       C)   Al3+       D)  Cl(      E)  H3O+
_____0.0676 M__40.   What is the concentration of sodium hydroxide that will produce



a solution with a pH of  12.830 ?

Problems:

I. Write the balanced equation for the ionization of acetic acid in water to form hydronium and acetate ions.

  HC2H3O2   +  H2O  ⇌   H3O+  +   C2H3O2-
       A                    B              A                B

A.  Label each of the reactants and products as either acid (A) or base (B)


B.  Which is the stronger of your two bases?   How do you know?



C2H3O2-     It is the conjugate base of a WEAK acid, so must be more basic than water.   
II.   According to one acid base theory,  the  Co3+  ion is acting as an acid in the reaction


Co3+   +    6   NH3     (    Co(NH3)3+   


Identify that acid-base theory, and explain why the cobalt (III) ion is an acid in the given reaction.
(3)            Lewis theory – not covered yet.  The cobalt (III) ion is gaining an electron pair.
III.    Assume that the decomposition  of  H2O2     H2O2(l)   (   H2O (l)    +  ½ O2(g)  


is first order.


At a certain temperature, it is found that it takes  60.0 minutes for a 2.00 M


solution of H2O2  to decompose to a conc. of 1.50 M.


A.  What is the rate constant for the decomposition at that temperature? ( you need not change the time unit to seconds.  Minutes are fine)


B.   Starting with a concentration of 1.50 molar, how long would it take until the


concentration became   0.50 molar?


C.  What is the half life of the reaction, in minutes?

A)      Ln 2.00  -  Ln 1.50   =   60.0 k.       k =  4.79 x 10-3  Min-1

B)    Must use k from part A.   Ln 1.50  -  Ln .50  =   4.79 x 10-3  t    t = 229 min 
C)     145  minutes
IV.    Assume that  the reaction   2 SO3(g)  (   SO2(g)    +   O2(g)   is second  order.


The initial pressure of the SO3  gas is  2.00 atm.   After  90.0 seconds,


the pressure of the SO3  gas   is  1.80 atm.      What would the pressure of the


SO3  gas be after  300. seconds?

Second order is not covered this term   But  1/1.80   - 1/ 2.00    =  90.0  k    k = 6.17 x 10-4    
Now,   1/x   -   1 / 2.00  =  300.  X 6.17 x10-4     x = 1.46 atm.  
V.    Formic acid, HCOOH, has a Ka of 1.8 x 10(4  .   

         A buffer is prepared by adding 0.200 mol of  HCOONa,  sodium formate


to 500 mL of a  0.200 molar solution of formic acid.   

A.  Find the [H+]   and the pH of the buffer.

                [H+]   =   9.0 x 10-5     pH  =   4.05

B.   Find the pH of the buffer after 50.0 mL of 1.00 molar HCl is added to it.

                 Adding 0.0500 mol of H+ converts 0.0500 mol of HCOO-  to HCOOH.

That makes  HCOO-   0.200 -  0.0500 =  0.150 mol.  It makes HCOOH  0.100 mol  +  0.0500 =  0.150 mol.  Since  [HA]  =  [  A-]     {H+]  =  Ka.  


pH  =  3.74

C.     EXTRA CREDIT.  What would the pH have been if 50.0 mL of 4.00 molar HCl had been added to the original buffer?   Answer is 2.00
VI.     A  0.200 molar solution of  an unknown, monoprotic acid,  HA, is found to have a  pH  of   3.400.    


A.   What is the Ka of the unknown acid?    3.98 x 10-4M = [H+] = [ A-],  

Ka  =  7.9 x 10-7

B.    What is the Kb  of the ion    A(       
                 Kb   =    1.0 x 10-14/Ka   =     1.26 x 10-8

C.   What would the concentration of HA have to be to produce a pH of



2.900  ?   [H+]  =  [  A-]   =  1.26 x 10-3
                          [1.26 x 10-3][1.26 x 10-3]/( x- 1.26 x 10-3)   =  7.9 x 10-7   (from part A)


    X  =  2.01  M.           ( Because K is very small, you could omit the  blue highlighted value) 
VII.    50.00 mL of 0.2000 molar HCl is titrated with  0.250 molar NaOH.


Find the pH


A.  Of the initial 0.2000 molar HCl solution    0.699

B.   Of the mixture after 20.00 mL of NaOH is added to the 50.00 mL of HCl

                   0.0100 mol H+  -  0.00500 mol of OH-  =  0.00500 mol H+ remaining.  In 0.0700 L, that’s a molarity of  0.0714,  and a pH of 1.146

C.   After a total of  40.00 mL of NaOH has been added

 That is the equivalence point,  0.04000 L  x 0.250 M  =  0.0100 mol  = 0.0100 mol H+ 
pH  = 7

D.   After a total of 42.00 mL of NaOH has been added.


That is an excess of  0.000500 mol in  0.092 L   or 0.00545 M  OH-.  pH =11.735
