Brooklyn College Chemistry Department

Chemistry 2, lecture test 1.

Spring 2011

Name_____________________      Lab instructor _________________

Short items and multiple choice.  Write answers on the line to the left of each question number.   ( 2 each)

2KClO3   +  MnO2   (  2 KClO2   +   MnO4   

MnO4   (  MnO2    +  O2
2 KClO2   (  2 KCl  +  2 O2    

Suppose that a chemical reaction occurs via the mechanism shown above.  

___________________________1.  Write the net chemical equation for this reaction.

___________________________2.   Identify a catalyst in this reaction.

___________________________3.   Identify two intermediates in this mechanism

Questions 4 to 7:  For the reaction    2 SO2(g)    +  O2(g)    (  2 SO3(g)        (H = -197 kJ

Assume that the rate law is   Rate = k[SO2]2[O2]  , and that the rate constant based on the decrease in concentration of the oxygen is  3.00 x 10(3  .

_________4.  The unit of this rate constant is   A) s(1     B)  M/s     C)  M(1/s


D)  M(2/s
E)  M(3/s

__________5.  When the concentrations of the SO2  and  O2  are BOTH 2.00 molar, the


rate of the reaction, in M/s  is   A) 3.00 x10(3     B)  6.00 x 10(3

C)  1.20 x 10(2     D)  2.40 x 10(2     E)   4.80 x 10(2   

__________6.   A decrease in the temperature of this reaction would


A) increase both the rate constant and the equilibrium constant


B) increase the rate constant, but decrease the equilibrium constant


C) decrease the rate constant, but increase the equilibrium constant


D) decrease both the rate constant and the equilibrium constant


E) have no effect on the rate constant, nor on the equilibrium constant

__________7.  Decreasing the volume of the container can increase the rate of the reaction.  In order to make the reaction EIGHT times faster, we would need to make the volume   A) half its original size   B) twice its original size   C) one fourth its original size       D) one eighth its original size     (look back at rate law given on the previous page for questions 4 to 7)

At a certain temperature, for the first order decomposition of peroxide,



2 H2O2(aq)    (   2 H2O (ℓ )  +   O2 (g)    when the concentration of H2O2(aq)  is  


4.00 molar,  the instantaneous rate of disappearance of the peroxide is 0.0200 M/s.

_____________8.  What is the numerical value of the rate constant for his reaction, based on the rate of disappearance of the peroxide?


A)  0.00500       B)    0.0800    C)   200.      D)  0.0200

_____________9.   At a different temperature, the rate constant is found to be  




0.0100 s(1   .    At this temperature, how long would it take for a 4.00 M 

solution to decompose down to 2.00 M ?     A)  0.0200 s     B)   0.0400 s



C)  69.3  seconds      D)    400. seconds

____________10.   A decomposition reaction that occurs at a constant rate despite changes in concentration  is  A) zero order only    B) first order only


C)  either zero order or first order
D) second order only

____________11.   A decomposition reaction that shows a constant half life is


A) zero order only    B) first order only


C)  either zero order or first order
D) second order only

Suppose that a gas phase reaction occurs through the following steps:

1.    2 NO    (  N2O2
2.   N2O2   +   O2   (   2  NO2  
_______________12.  What is the rate law if step 1 is the rate determining (slow) step?

_______________13.   What is the rate law if step 2 is the rate determining step?




(do not include intermediates in your rate law)

______________14.   The vapor pressure of water at 25°C  is 23.8 torr.  What is the vapor pressure of the water in a solution containing 2.00 moles of the nonelectrolyte ethylene glycol in 10.0 moles of water?

_____________15.  What is the molality of ethylene glycol in the solution described in question 14?

_____________16.   Benzene has a normal melting point of 5.50°  and a freezing point depression constant of 5.18°/m .   What is the melting point of a solution that contains 0.500 mole of the solute toluene dissolved in 250 grams of benzene?


A) (4.86°     B) (10.36°     C)    10.36°      D)    2.91°

_____________17.   As salt is dissolved in water, the vapor pressure, melting point, and boiling point of the water, respectively,


A) decrease, decrease, increase    B) decrease, decrease, decrease


C) increase, decrease decrease
D) increase increase, increase

____________18.   A solution is prepared that is 50.0% sulfuric acid, and 50.0% water by mass.   What is the molality of the sulfuric acid in this solution?

____________19.    At a certain temperature,  the reaction   2 SO2   +  O2  ⇄ 2 SO3  (all gases)  is found to be at equilibrium when  the molarities of the SO2 ,   O2 ,  and SO3   respectively  are 2.00 M,   4.00 M,  and 5.00 M.  What is the value of the Kc at that temperature?

__________20.    In a mixture of the three gases above,   SO2 ,   O2  ,  and SO3  ,   it is found that  Q for the reaction 2 SO2   +  O2  ⇄ 2 SO3  is less than  K.


What change would we expect in a closed system?


A) no change - the concentrations would all remain constant


B)  the reaction would form additional SO2  and O2  until equilibrium was reached


C)  the reaction would form additional  SO3  until equilibrium was reached

__________21. The reaction  2 NO2(g)    ⇄    N2(g)    +   2 O2(g)  is  exothermic.   The two changes that would most favor the production of oxygen gas are


A) increase both the temperature and the container volume


B) decrease both the temperature and container volume


C) increase the temperature, while decreasing the container volume


D)  decrease the temperature, while increasing the container volume.

_________22.   Assuming that the decomposition of   COCl2(g)  is second order:


COCl2(g)   (  CO(g)  +  Cl2  (g)


If the initial partial pressure of COCl2  is  4.00 atm,  and at some particular constant temperature, the partial pressure of the COCl2   has dropped to 3.50 atm  in  200. seconds,  what is the value of the rate constant for the reaction at that temperature?
Problems:   Answer in blue book  ONLY.  Show work.  Include units.  Pay attention to sig.figs.

I.   In a first order reaction,  the reactant is initially  2.00 molar,  and after  200. seconds, it has decomposed down to 0.400 molar.


A.  Find the rate constant.  (3 pts)


B.  How long would it take this reactant to decompose from 2.00 molar to 0.250 molar?   (2 pts)

II.          The kinetics of a reaction represented as   2 A   +  2 B   (   C   +   2  D   are studied using the initial rate method.   A table is constructed

(14 pts)

	Run
	Initial [A]
	Initial [B]
	Initial rate of formation of C in

M/s

	1
	0.100 M
	0.400 M
	0.00200

	2
	0.200 M
	0.400 M
	0.0160 

	3
	0.200  M
	0.800  M
	0.0320 

	4.
	0.500 M
	0.300 M
	 ?

	
	
	
	


A.   Write the complete rate law for this reaction.  Show how you arrived at each rate order.

B.  Find the value of the rate constant k, and include the correct units.

C.  Find the initial rate of formation of C in the fourth run.

D.  Find the rate of disappearance of  A in the third run.

III.  Consider the reaction  CH3OCH3(g)     ⇄    CH4(g)    +  H2(g)    +  CO (g)   


The reaction as written is ENDOTHERMIC.


A.  Predict the effect on the equilibrium quantity of  H2(g) ( increase, decrease, or no effect) of      ( 8 pts)



1.  Decreasing container volume


    2.   Increasing the temperature


    3.   Adding additional  CO(g)


    4.   Adding a catalyst.


B.    Predict the effect on the numerical value of the Kp of     ( 4 pts)


    1.  Decreasing container volume


    2.   Increasing the temperature


    3.   Adding additional  CO(g)


    4.   Adding a catalyst


C.  Predict the effect on the numerical value of the rate constant of   ( 4 pts)


    1.  Decreasing container volume


    2.   Increasing the temperature


    3.   Adding additional  CO(g)


    4.   Adding a catalyst


Still considering the reaction  


 CH3OCH3(g)     ⇄    CH4(g)    +  H2(g)    +  CO (g)   


D.   A  sample of  CH3OCH3   is added to an empty  1.00 liter container.


At equilibrium is it found that the [CH4]   and  the [ CH3OCH3] have both become 0.200 molar.  Find the value of the Kc at this temperature.  (4 pts)


E.  What was the initial  molarity of the CH3OCH3  in part D?        (2 pts)

IV.    If  the reaction     2 CO (g) +  O2 (g)      ⇄  2 CO2 (g)   is found at some temperature to have a Kp of  4.00 x 10(3    ,


A.  Write the equilibrium expression for the reaction   (3)


B.   Find the  pressure of CO needed to maintain equilibrium when the partial pressure of the CO2  is  0.200 atm,  and the partial pressure  of the O2   is  0.300 atm.      (4)


C.  Find the value of the Kp for the reaction :



CO2(g)    ⇄         CO(g)     +   ½ O2(g)     (3)

V.   Concentrated aqueous solutions of HNO3  (MM = 63.0 g)   are 12.0 molar, and have a density of 1.18  gram per mL.


A.  Find the % HNO3   by mass in 12.0 M  HNO3(aq)   (3 pts)


B.  Find the molality of the HNO3  in the 12.0 M solution   (3 pts)


C.  Assuming that the boiling point depends ONLY on the water, find the boiling point of the solution.  The boiling pt. elevation constant of water is 0.52°/m    (2 pts)
Extra Credit.   The reaction   HCl(g)   +  NH3(g)    ⇄    NH4Cl(s)  

occurs when hydrogen chloride gas and ammonia gas come in contact.

A sealed 1.00 liter flask contains  HCl at 1.00 atm, while another sealed 1.00 liter flask contains NH3  at a pressure of 1.00 atm.   The two flasks are connected, and the seals between the two flasks are broken, forming a new 2.00 liter container, containing both gases.   The pressure in the new container rapidly drops, reaching equilibrium at a TOTAL pressure of 0.0500 atm.  


What is the Kp for the reaction of HCl with NH3  at that temperature?  ( 2 pts)

Honors Problem.   Given the Arrhenius equation, 
[image: image1.wmf],  and assuming that LnA remains constant.   If it is found that for a certain reaction, an increase in temperature from 25°C  to 35°C causes the rate constant, k, to double, what is the activation energy of that reaction?  ( R=8.31 joule/mol K)
_1234505907.unknown

