Semester 131 Exam II All Answers are A:

Physical constants, conversion factors, and useful equations
	Physical Constants
	Other Units
	Important Equations



	R 
= 8.314 J mol-1 K-1

   
= 0.08206 L atmK-1 mol-1

   
= 0.08314 L bar K-1 mol-1

NA = 6.022 x 1023 mol-1

kB 
= 1.381 x 10-23 J K-1

h 
= 6.626 x 10-34 J s

F 
= 96,500 C mol-1

c 
= 2.998 x 108 m s-1

g 
= 9.81 m s-2
B 
= 0.51mol-1/2dm3/2 

(in H2O, 25oC)
	1dm3
= 1 L
1dm3
= 1000 cm3

1 J 
= 1 kg m2 s-2

1 atm 
= 1.101325 x 105 Pa

1 atm 
= 760 mmHg

1 Torr = 1 mmHg 

1 Torr = 133.322 Pa

1 bar 
= 105 Pa

1 nm 
= 10-9 m


	E
= h
c
= 

PV =nRT

G = H - TS 

ZAA= 2 d2 

k  = A[image: image1.wmf]RT
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Ea = ≠Ho-P≠Vo + RT  (sol)
 
= ≠Ho-RT + RT  (gas)

log k = log ko+ 1.02 zAzB [image: image2.wmf]I
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pH = - log [H+]

Go = - RT ln Kc 




Note: 

Quantum yield/efficiency =  = moles of product formed / moles of photons absorbed
	1.
	In a photochemical reaction:
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the quantum yield with light of wavelength 500 nm is 1.2 x 102 mol einstein1. After exposure of 200 mmol of A to this light, 1.77 mmol of B are formed. The number of moles of photons absorbed by A are:



	A)
	1.5 x 105

	B)
	3.0 x 103

	C)
	7.5 x 108

	D)
	1.5 x 102

	E)
	5.7 x 106


	2.
	The enzyme catalyzed conversion of a substrate at 25 oC has a Michaelis constant of 0.042 mol dm-3.  The rate of the reaction is 2.45 x 10-4 mol dm-3 s-1 when the substrate concentration is 0.890 mol dm-3.  The maximum rate V (mol dm-3 s-1) of this reaction is:



	A)
	2.57 x 104

	B)
	4.90 x 104

	C)
	3.97 x 104

	D)
	5.50 x 104

	E)
	6.45 x 104


	3.
	The initial rates u (in mm3min-1) of O2 produced by the action of an enzyme on a substrate at different concentrations [S] (in mol dm-3) were measured for a range of substrate concentrations.  A linear fit of 1/u versus 1/[S] resulted in the relation,
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The Michaelis constant (mol dm-3) for this reaction is:



	A)
	0.0101

	B)
	0.0499

	C)
	0.2003

	D)
	0.0968

	E)
	0.8790


	4.
	The following mechanism proposed for the decomposition of acetaldehyde (CH3CHO):
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predicts that rate of formation of methane d[CH4]/dt is given by:



	A)
	k2(k1/k4)1/2[CH3CHO]3/2

	B)
	k2(k1/k4)[CH3CHO]1/2

	C)
	k1(k1/k4)1/2[CH3CHO]3/2

	D)
	k1(k1/k4)[CH3CHO]1/2

	E)
	k2(k1/k4)3/2[CH3CHO]


	5.
	Which of the species in the following mechanism:
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is the catalyst?



	A)
	I2

	B)
	I

	C)
	HI

	D)
	CH3

	E)
	CH2CHO


	6.
	For the first order consecutive mechanism: 

                         k1       k2
                      A  X  Z, 

the steady state approximation is valid only when:



	A)
	d[X]/dt = 0

	B)
	d[Z]/dt = 0

	C)
	d[X]/dt = d[Z]/dt 

	D)
	d[X]/dt = d[A]/dt

	E)
	d[A]/dt = d[Z]/dt


	7.
	Which of the following is evidence for a composite mechanism?



	A)
	An intermediate can be detected experimentally

	B)
	Simple kinetic rate law is obtained

	C)
	The product decomposes very fast 

	D)
	The reactant decomposes very slowly 

	E)
	A uni-molecular reaction of second order kinetics


	8.
	The gas-phase free-radical chain mechanism of the reaction Cl2 + CH4  CH3Cl + HCl is:     

                                                k1
                                          Cl2 2Cl


                                                k2
                                 Cl + CH4   HCl + CH3
                                                k3
                                 Cl2 + CH3   CH3Cl +Cl

                                                k-1
                                         2 Cl   Cl2
The overall rate of reaction in terms of the rate of formation of HCl is:



	A)
	k2(k1/k1)1/2[Cl2]1/2[CH4]

	B)
	k2(k1/k1)[[Cl2] [CH4]1/2

	C)
	k1(k2/k1)1/2[CH3Cl]

	D)
	k1(k2/k1)1/2[Cl2] [CH3Cl]1/2

	E)
	k2(k1/k1)1/2[CH4] [CH3Cl] 


	9.
	The proposed mechanism for the reaction A + B = Y + Z is:

       2A  X                 (very slow)

X + 2B  2Y + 2Z       (very fast)

the reaction kinetics is:



	A)
	second order in A and zero order in B

	B)
	zero order in A and second order in B

	C)
	second order in B

	D)
	zero order in A

	E)
	second order in A and B


	10.
	The mechanism of the free-radical chain reaction C2H6  C2H4 + H2 is:

                                                         k1
                                                C2H6  2CH3


                                                         k2
                                     CH3 + C2H6   CH4 + C2H5
                                                         k3
                                                C2H5   C2H4 + H

                                                         k4
                                         H + C2H6   H2 + C2H5
                                                         k5
                                             2 C2H5   C4H10

The active intermediates of the mechanism are the species:



	A)
	H, CH3 and C2H5

	B)
	H, CH4 and C4H10

	C)
	H, CH3 and C4H10

	D)
	CH3, CH4 and C2H5

	E)
	H, CH4 and C2H5


	11.
	The conversion reaction of glucose (G) may be written as follows:

                                        k
                                 G      Product

The rate equation is given by, 

                              d[G]/dt  = kapp [G]   

where kapp = k [A] and A is a catalyst. 

For [A] = 0.02 M and [G]o = 0.1 M, the apparent first-order rate constant (kapp) is 1.36 x 104 min1 at 25 °C. Calculate the half-life (in minutes) for the reaction if [A] = 0.04 M and [G]o = 0.2 M. 



	A)
	2.55 x 103

	B)
	1.27 x 103

	C)
	6.15 x 103

	D)
	4.08 x 102

	E)
	5.01


	12.
	The decomposition of gaseous paraldehyde (P) into gaseous acetaldehyde (A) is represented by:

P(g)    [ P ]#(g)   3A(g)
Assuming that the reaction rate constant at 260 °C is 1.0 h1, and that the entropy of activation (#S) is zero, calculate the energy of activation (kJ mol-1) of this process is: 



	A)
	174 

	B)
	277 

	C)
	612 

	D)
	411 

	E)
	741


	13.
	The rate constant for the reaction between a bromide ion, Br-, and another ion in water at 25 oC depends on the ionic strength (I) of the solution as follows:

I/ M

k/ 10-3 M-1 s-1


6.25
3.45

1.12
85.7

Which one of the following choices is the other ion?  



	A)
	Li+

	B)
	[image: image15.png]clog





	C)
	[image: image16.png]So*





	D)
	[image: image17.png]POZ





	E)
	Ca+2


	14.
	Which of the following choices is correct for a reaction between two oppositely charged ions in aqueous solution?



	A)
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	D)
	[image: image24.wmf]o

V

‡

D

is negative while [image: image25.wmf]o

S

‡

D

 is positive  

	E)
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	15.
	The hydrolysis of methylpropionate is considered a first order reaction.  A 0.01 M solution of it has a half-life of 2 h at 25 °C and 1 h at 45 °C.  Calculate the enthalpy of activation (#H°) at 35 °C.



	A)
	24.8 kJ mol1

	B)
	47.6 kJ mol1

	C)
	60.2 kJ mol1

	D)
	12.1 kJ mol1

	E)
	52.9 kJ mol1 


	16.
	The following is true for a reaction with a rate constant of 1.00 s-1:



	A)
	It is a first order reaction, half life time is 0.6931 s

	B)
	It is a second order reaction, and half life time is 0.6931 s

	C)
	It is a zero order reaction

	D)
	It is a first order reaction for two reacting compounds

	E)
	It is a first order reaction and the half life time is ln k


	17.
	It was found that 65% of a first order reaction was completed in 27 minutes. What is the time required for 90% of the reaction to be completed:



	A)
	59 min

	B)
	24 min

	C)
	19 min

	D)
	35 min

	E)
	46 min


	18.
	The rate of formation of NH3 is 1.50 mL/min for the following reaction:

N2 + 3H2 2NH3
The rate of consumption of H2 is:



	A)
	2.25mL/min

	B)
	1.75mL/min

	C)
	2.50mL/min

	D)
	4.25mL/min

	E)
	3.45mL/min


	19.
	For the following second-order reaction, the initial concentration of the reactant A is 0.50 M. 

2A → B + C 


If the rate constant for the reaction is 4.2 × 10-3 M-1s-1, what is the concentration change of the reactant A after 10 seconds?



	A)
	0.0103 M

	B)
	0.0105 M

	C)
	1.021 M

	D)
	0.021 M

	E)
	0.0101 M


	20.
	A second-order reaction begins with a reactant concentration of 1.60 M and has a rate constant of 0.0274 M1s1. How long (s) will it take the reaction to complete three half-life periods?



	A)
	160

	B)
	120

	C)
	30

	D)
	60

	E)
	210


Semester 122 Exam II All Answers are A:

Physical constants, conversion factors, and useful equations
	Physical Constants
	Other Units
	Important Equations

	R 
= 8.314 J mol-1 K-1
   
=0.08206 L atmK-1 mol-1
   
= 0.08314 L bar K-1 mol-1
NA 
= 6.022 x 1023 mol-1
kB 
= 1.381 x 10-23 J K-1
h 
= 6.626 x 10-34 J s
F 
= 96,500 C mol-1
c 
= 2.998 x 108 m s-1
g 
= 9.81 m s-2
B 
= 0.51mol-1/2dm3/2 
(in H2O, 25oC)
	1dm3
=1 L
1dm3
=1000 cm3
1 J 
= 1 kg m2 s-2
1 atm 
= 1.101325 x 105 Pa
1 atm 
= 760 mmHg
1 Torr = 1 mmHg 
1 Torr = 133.322 Pa
1 bar 
= 105 Pa
1 nm 
= 10-9 m

	E
= h(
c
=(( 
PV
=nRT
(G
= (H-T(S 
ZAA= 2 d2 [image: image29.png]
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Note: 

· Quantum yield/efficiency = ( = moles of product formed/moles of 
photons absorbed
1.
The rate constant for the reaction between a bromide ion, Br-, and another ion in water at 25oC depends on the ionic strength of the solution as follows: 


I/10-1 M

k/ 10-3 M-1 s-1


1.12 3.45

6.25 85.7


Which one of the following choices is the other ion?  

a) S[image: image35.png]03~





b) Ca+2


c) Al+3


d) P[image: image37.png]




e) Cl[image: image39.png]



2.
For the reaction 



H2(g) + Cl2(g) 
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the following initial rates at different partial pressures of the reactants have been measured:



P(H2)/bar

P(Cl2)/bar

rate (bar s-1)



0.20


1.50


1.02



0.20


3.00


4.075


1.00


3.00


0.815


What is the order α of the reaction with respect to hydrogen, H2, the order β of the reaction with respect to chlorine, Cl2, the overall order of the reaction, and its rate constant k? 


a) α = -1, β = 2, overall order = 1, k = 0.091 s-1    

b) α = -1, β = 3, overall order = 2, k = 0.091 bar-1 s-1

d) α = 1, β = 3, overall order = 4, k = 0.182 bar-3 s-1

d) α = 1, β = 2, overall order = 3, k = 0.182 bar-2 s-1

e) α = 1, β = 1, overall order = 2, k = 0.182 bar-1 s-1
3.
According to the mechanism
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under steady-state approximation, the rate of formation of NO2 at a very low concentration of O2 is given by,

a)
(=K [NO] [O2] 2

b)
(=K [NO][O2] 


c)
(=K [NO]2 [O2]

d)
(=K [NO]2

e)
(=K [NO]2[O2]/(1+k´[O2]) 
4.
The activated complex theory (or transition state theory) assumes that an equilibrium exists between the 


a)
activated complex and reactants 


b)
activated complex and the radical 


c)
products and reactants 


d)
reactants, activated complex and products


e)
system (reaction) and surroundings

5.
For the elementary reaction 


2A + B 
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If the initial concentration of A is [A]o , [P]o = 0, and [B] is large and constant; the half-life of A is:

a)
(1/2 = 1 /(k [A
[image: image44.wmf]0
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b)
(1/2 = 1/(2k [B] [A
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(1/2 = 2/ (k [A
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6. 
On the basis of the mechanism
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The overall rate of the reaction,
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is:

a)
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b)
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c)
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d)
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e)
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7.
For two molecules to react they must be   


a)
roughly of the same size

b)
in an equilibrium state


c)
in a transition state

d)
in a stable state


e)
in a low energy state
8. 
The hydrolysis of methylpropionate is considered as a first order reaction.  A 0.01 M solution of it has a half-life of 2 h at 25 oC and 1 h at 35 oC.  Calculate the enthalpy of activation ((#Ho) at 35 (C.  
a) 52.91 kJ mol-1 

b) 12.11 kJ mol-1
c) 60.15 kJ mol-1
d) 47.77 kJ mol-1
e) 50.33 kJ mol-1
9. 
The rate law,
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holds over a wide range of H2 and Br2 at the early stages of the reaction,
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when [HBR] is low.  The explanation consistent with the half-integer order in Br2 is that,
a)
the activation energy of the reaction is high
b)
the mechanism is an elementary reaction involving one Br2 and two H2 molecules

c)
the rate limiting step involves one Br2 and two H2 molecules

d)
the rate limiting step involves one H2 and two Br2 molecules

e)
the overall reaction is not accomplished by a single elementary step.


10. 
For the reaction, 
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The experimental rate law is,
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Which of the following is the integrated rate law for the reaction?


a)
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c)
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11. 
A large activation energy suggests that a reaction, 

a) is at equilibrium


b) is highly endothermic


c) has a highly temperature-dependent rate constant 


d) is very fast 


e) is spontaneous

12.
Consider the elementary reaction  




2A + B 
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When the initial concentration of A =2ao, B= ao, and the concentration of product Z during the reaction is x/2 [initial value of x = 0]. The rate of consumption of A is:

a)  -d[A]/dt = 4k (ao-x)3

b) -d[A]/dt = 4 k (ao-x)2(ao-2x)
c) -d[A]/dt = 8k (ao-x)3
d) -d[A]/dt = 4k (2ao-x)2(ao-x)

e) -d[A]/dt = 8k (ao-x)2(ao-2x)

13. 
Under 207 nm light hydrogen iodide decomposes into hydrogen and iodine according to the equation

2 HI(g) + hν → H2(g) + I2(g)


If the lamp supplies 10 J of energy with 30% efficiency, what mass of HI (molar mass 128 g mol-1) is decomposed under the assumption that each absorbed photon leads to a reaction?

a) 0.664   g


b) 0.0664 mg


c) 0.133   mg


d) 1.33    mg
e) 0.664  mg

14. 
Consider the Michaelis-Menten mechanism for an enzyme catalyzed reaction,
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where S is the of substrate that is undergoing a catalyzed reaction, with V ( k2[E]o, [E]o is the initial enzyme concentration, and Km ( (k-1+k2)/k1 is the Michaelis constant.  When Km<< [S] the apparent order in the substrate in the reaction rate is:

a) one-half

b) zero

c) first


d) second


e) third

15. 
Consider the following mechanism
A + B [image: image70.png]


 AB

AB + A 
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under steady-state approximation, what is the order of the rate of formation of AB2 with respect to A, if k2[A] is very large compared to k-1 and k3[B]?
a) -1 

b) 0 

c) 1 

d) 2 

e) 3 

16.
According to the mechanism   
            Cl2 (g) 
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            Cl( (g) + CHCl3 (g) 
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            (CCl3 (g) + Cl2 (g) 
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If the light used had an intensity Ia, what is the expression for the net rate of consumption of (CCl3?  


a) ( = k1[Cl(][CHCl3] – k2[(CCl3][Cl2]


b) ( = -k1[Cl(][CHCl3] + k2[(CCl3][Cl2]

c) ( = k1[Cl(][CHCl3] + k2[(CCl3][Cl2]


d) ( = -k1[(Cl][CHCl3] – k2[(CCl3][Cl2]


e) ( = Ia + k1[(Cl][CHCl3]

17. 
The pre-exponential factor of a unimolecular gas reaction is 1.346x109 s-1 at 600 °C. What’s the reaction’s entropy of activation ((#So) at 600 °C? 

a) 
-81.2 J mol-1 K-1
b) 
87.4 J mol-1 K-1
c) 
-79.1 J mol-1 K-1
d) 
-87.4 J mol-1 K-1
e) 
-95.7 J mol-1 K-1
18.
Which of the following choices is the correct answer for a reaction between two oppositely charged ions in aqueous solution? 

a)
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b)
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c)
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is negative while 
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d)
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e)
There is no correlation between 
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19.
A reaction



2A
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 P

has a second order rate law with k = 3.50x10-4 M-1 s-1. What is the time required for the concentration of A to change from 0.260 M to 0.011 M?


a) 2.49x105 s


b) 9.04x103 s


c) 2.49x103 s


d) 4.92x105 s


e) 1.24x105 s
20. If the following gas-phase second-order elementary radical recombination reaction 
(CH3 + (CH3 (  C2H6

has a rate constant of 1.45x106 L mole-1 min-1 at 600 °C. According to transition state theory, the pre-exponential factor at 900 °C is: 

a) 
2.18x106 L mol-1 min-1
b) 
0 

c) 
1.45x106 L mol-1 min-1
d) 
1.95x106 L mol-1 min-1
e) 
cannot be determined
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