Final Exam Chem 311 Semester 131

All correct answers are (A):

Physical Constants and Conversion Factors

R = 8.314 J mol-1 K-1
kB = 1.381 x 10-23 J K-1

R = 0.08314 L bar K-1 mol-1
NA = 6.022 x 1023 mol-1

R = 0.08206 L atm K-1 mol-1
h = 6.626 x 10-34 J s

1 J = 1 kg m2 s-2
F = 96500 C mol-1

1 atm = 1.01325 x 105 Pa
c = 2.998 x 108 m s-1

B = 0.51 mol-1/2 dm3/2 (in H2O, 25oC)
g = 9.81 m s-2

1 bar = 105 Pa
T(oK) = -273.15 oC
 

1 Torr = 1 mmHg = 133.322 Pa                                      poise = g cm-1s-1
RT/F = 25.7 mV at 25oC
                                       lnx/log10x = 2.303
Useful Relations
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f = 6r (for a sphere in a fluid with viscosity h)
 Ea = ≠Ho-P≠Vo + RT  (sol)


         Di= (RT/F2|zi|)oi  
Circumference of circle = 2r

                  E = hhc/
Go=zRTln Ks

                                    D= (2D+D)/(D+D+)

k= (kBT/h) exp(#Go/RT)
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liq=At (Where A is constant)                              F= mg
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           Area of circle =  r2        


Ion velocity v = uE                                        Surface area of cylinder = 2 r h
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  (RT/F= 0.0257 V at 25 °C)
 Volume of sphere = 4/3  r3
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 Volume of cylinder =  r2 h  
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                   ln(P/Po) = 2M/(rRT)       
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	1.
	Two second order reactions have identical pre-exponential factors and activation energies differing by10.0 kJ mol1.  Calculate, at 25 C, the ratio of the rate constant of the reaction with the lower energy of activation to that with the higher energy of activation.

	A)
	56.5

	B)
	11.0

	C)
	1.51

	D)
	27.8

	E)
	131


	2.
	The condensed phase reaction:

[image: image19.wmf]hemoglobin

denatured

hemoglobin

®


has an activation energy of 351.4 kJ mol and, at 60 C, has a rate constant of 2.00 × 10 4 s1.  The entropy of activation ‡S for this reaction in JK1mol1 is:

	A)
	730

	B)
	4.05 x 103

	C)
	737

	D)
	-737

	E)
	105.5


	3.
	At 25 C the equilibrium constant ([image: image20.wmf]K

) for the opposing reaction,

A     ⇋    B

is 0.160 and the rate constant in the forward direction (k1) is 0.640 s1.  If initially only A was present at a concentration (ao) of 0.480 M how long (s) would it take for the concentration (x) of B to reach 0.056 M.

	A)
	0.405

	B)
	0.259

	C)
	0.176

	D)
	0.113

	E)
	0.762


	4.
	The reaction 2NO + O2  2NO2 is believed to occur by the mechanism,   
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Based on this mechanism and assuming a steady state in N2O2 the resulting rate equation indicates that the reaction,

	A)
	has no well-defined order



	B)
	always has  an overall order of 3

	C)
	is first order in NO at very high O2 concentrations

	D)
	is first order in O2 at very high  O2 concentrations

	E)
	always has an overall order of 2


	5.
	On the basis of the mechanism:

                                    2HCl        (HCl)2                                     K1 
                              (1)
               HCl    +    CH3CHCH2 HCl.CH3CHCH2                       K2
                              (2)

(HCl)2    +    HClCH3CHCH2[image: image24.wmf]¾

®

¾

3

k

   CH3CHClCH3    +    2HCl
                       (3)
        Then (m) the order of the reaction in HCl and (n) the order of the reaction in 

        CH3CHCH2  are:

	A)
	m = 3, n =1

	B)
	m = 2, n =2

	C)
	m = 1, n = 1

	D)
	m = 1, n = 0

	E)
	m = 0,  n = 1


	6.
	The following data were obtained in a study of an enzyme reaction known to follow the Michaelis-Menten mechanism.


________________________________________________________
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The Michaelis-Menten constant Km (mmol dm3) for the enzyme is approximately:

	A)
	2

	B)
	10

	C)
	1

	D)
	4

	E)
	6


	7.
	The molar conductivity () at 25 oC of a 0.010 M aqueous solution of ammonia is 9.6 Scm2mol-1. The infinite dilution molar conductivities (o) of NH4Cl, OH and Cl species are 129.8, 174.0 and 65.6 Scm2mol-1, respectively. Calculate the molar conductivity (Scm2mol-1) for aqueous ammonia solution and the degree of ionization, respectively in solution of the same concentration and temperature. 

	A)
	238.2 and 0.04

	B)
	238.2 and 0.40

	C)
	283.2 and 0.12

	D)
	247.0 and 0.08

	E)
	247.0 and 0.22


	8.
	A 0.01 M solution of LiCl is contained in a tube having a cross-sectional area of 5 cm2. The molar conductivities of the Li+ and Cl ions are 38.6 and 76.4 Scm2mol-1, respectively. Calculate transport numbers TLi+ and TCl-, respectively.           

	A)
	0.34 and 0.66

	B)
	0.27 and 0.73

	C)
	0.67 and 0.33

	D)
	0.73 and 0.27

	E)
	0.28 and 0.72


	9.
	The solubility of AgCl in water at 25oC is 1.274 x 10-5 mol dm3. On the 

assumption that the DHLL applies, calculate Go (kJ mol1) for the process    

                   AgCl(s)  Ag+(aq) + Cl(aq).                     

	A)
	55.9

	B)
	95.5

	C)
	37.4

	D)
	29.1

	E)
	101


	10.
	The standard electrode reaction of calomel electrode is:

	A)
	Hg2Cl2(s) + 2e 2Hg(s) +2Cl

	B)
	HgCl2(s) + 2e Hg(s) +Cl2(g)

	C)
	AgCl(s) + e 2Ag(s) +Cl(g)

	D)
	AgCl2(s) + e 2Ag(s) +Cl2(g)

	E)
	H2(g)  2H+ + 2e


	11.
	For the following cell: Ag(s)|AgBr(s)|HBr(aq)|Br2(g, 1 atm)|Pt  the linear 

dependence of the cell potential E/V on temperature t/oC is given as: E = 0.93046 – 2.8834 x 10-4t.

Calculate the entropy change in J K-1mol-1for the cell reaction:  AgBr(s)  Ag(s) + 1/2 Br2(g) 

 

	A)
	-27.82

	B)
	+27.82

	C)
	-17.28

	D)
	+17.28

	E)
	-7.280


	12.
	A 0.1 M solution of sodium palmitate C15H31COONa, is separated from a 0.2 M solution of sodium chloride by a membrane that is permeable to Na+ and Cl- ions but not to palmitate ions. Calculate the Nernst potential  in mV at 25oC.

	A)
	10.4

	B)
	14.0

	C)
	18.1

	D)
	16.2

	E)
	20.1


	13.
	According to Arrhenius theory  a very dilute solution of acetic acid will :

	A)
	be nearly completely dissociated

	B)
	not dissociate

	C)
	have a lower conductivity than a more concentrated acetic acid solution

	D)
	be at an equilibrium that is shifted to the undissociated acid

	E)
	have a degree of ionization close to zero


	14.
	How long (in hours) does it take to electroplate a medal with nickel using an aqueous solution of Ni(NO3)2 given that the area of the medal is 10.0 cm2, the thickness of the nickel film to be generated is 100. m, and the current applied is 10.0 mA? (Atomic weight of Nickel is 58.6934 g/mol and its density is = 8.90 g/cm3)

	A)
	 81.3 

	B)
	 29.2 

	C)
	3.00 

	D)
	12.0 

	E)
	42.6 


	15.
	The electrolytic conductivity of a weak acid was measured at different concentration and the following data were obtained:

C (mol/L):

6.25 x 102
3.05 x 102
1.56 x 102
 (-1 cm2 mol-1): 
54

69

96.8

Given that the molar conductivity of the acid at infinite dilution is  = 39.74 -1 cm2 mol-1, Which the following is true? 

	A)
	Ka of the acid is 0.201 mol L-1



	B)
	Ka of the acid is 20.1x10-5mol L-1



	C)
	The acid does not obey Ostwald dilution law

	D)
	Ka cannot be calculated from the given data

	E)
	The acid is acetic acid and Ka = 5.0x10-5mol L-1




	16.
	Which statement is not true regarding the following graphs representing adsorption isotherms:

[image: image27.wmf]      [image: image28.wmf]
                    (a)                                       (b)

	A)
	Both graphs represent adsorption without dissociation that follows the Langmuir mechanism.

	B)
	In graph (a), the surface coverage is directly proportional to concentration at low concentration of the adsorbent.

	C)
	In graph (b), the surface coverage is directly proportional to the square root of the concentration at low concentrations of the adsorbent.

	D)
	At high concentrations no empty sites are available for the adsorbents.

	E)
	Graph (b) represents the isotherm for adsorption with dissociation.


	17.
	Experiments were carried out on the adsorption of Radon gas on a solid surface. It was found that at 1.21 Torr the volume of Radon adsorbed was 1.58 cm3 and at 3.12 Torr the volume was 1.96 cm3  both at STP. Given the saturation vapour pressure of Radon as 19.5 Torr, determine the volume of a single radon molecule in dm3.

	A)
	3.72 x 1023



	B)
	5.01 x 1023



	C)
	1.22 x 1023



	D)
	2.11 x 1023



	E)
	8.35 x 1023




	18.
	A graduated cylinder with a hole of radius 0.050 mm in the bottom needs to be immersed by 21.0 cm in a water container for water to start entering the hole, while it needs to be immersed by only 15.0 cm in soapy water. Assuming that the density does not change upon adding soap, and the surface tension of water is 0.073 Nm-1, determine the surface tension of the soapy water.

	A)
	0.052

	B)
	0.073

	C)
	1.0

	D)
	0.81

	E)
	0.98


	19.
	Compound A decomposes according to the following first order reaction

    k
 C + X

However, X is adsorbed on the surface and catalyzes the reaction according to a first order path in X (ks[X]). The amount of X at prolonged time is:

	A)
	[ka0/(ksk)]

	B)
	[ka0/(ksk)][1-e-(ks-k)t]

	C)
	ka0/ks

	D)
	ks/k

	E)
	ks[1-e-(ks-k)t]


	20.
	The density of water at 20.0 oC is 0.998 g cm-3 and the surface tension is 72.7 mN m-1. Calculate the ratio between the vapor pressure of a droplet having a radius of 1.00 nm and the vapor pressure of water at a plane surface.

	A)
	2.93

	B)
	0.51

	C)
	5.10

	D)
	3.54

	E)
	4.03


	21.
	One liter of water at 50.0 oC is broken up into a spray in which the droplets have an average radius of 130 nm. If the surface tension of the water at 50.0 oC is 67.9 mN m-1, calculate the work done in kJ when the droplets are formed.

	A)
	1.57

	B)
	2.18

	C)
	3.11

	D)
	4.58

	E)
	5.21


	22.
	A mole of oxygen gas at a certain absolute temperature and pressure has a self-diffusion coefficient of 0.140 cm2 s-1. Estimate its self-diffusion coefficient in cm2 s-1 when the absolute temperature is doubled. 

	A)
	0.392

	B)
	0.281

	C)
	0.198

	D)
	0.140

	E)
	0.100


	23.
	For a certain gas (Molar Mass = 85.0 g mol-1) at 1 atm and 25.0 oC, the self-diffusion coefficient is 0.250 cm2 s-1. Calculate the viscosity coefficient in poise of this gas.

	A)
	8.70 x 10-4

	B)
	4.35 x 10-4

	C)
	6.51 x 10-4

	D)
	2.22 x 10-4

	E)
	1.31 x 10-4


	24.
	A colloidal particle diffuses in water at 25 oC with a self-diffusion coefficient of 2.45 x 10-12 m2 s-1. How long this particle should take to move 0.200 mm in water?

	A)
	2.27 h

	B)
	1.37 h

	C)
	3.18 h

	D)
	4.19 h

	E)
	5.97 h


	25.
	The viscosity of helium gas ( Molar Mass = 4.00 g mol-1) at 25 oC and 101.325 kPa is 1.86 x 10-5 kg m-1 s-1. Estimate the helium atomic diameter in nm.

	A)
	0.225 

	B)
	0.475

	C)
	0.313

	D)
	0.154

	E)
	0.511
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(S = z F ((E/(T)p=-((ΔG/(T)p
Hydrogen Electrode: H+ (aq) + e- →½H2 (g)


Eo= 0 V

Silver-Silver Chloride: e- + AgCl (s) →Ag (s) + Cl- (aq)
Eo=0.2224 V

Calomel Electrode: e- + ½Hg2Cl2(s) → Cl- (aq) + Hg (s)          Eo=0.3337 V
PHYSICAL CONSTANTS:

R = 8.314 J mol-1 K-1
R = 0.08206 L atm K-1 mol-1
R = 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

1 J = 1 kg m2 s-2
F = 96500 C mol-1
1 atm = 1.01325 x 105 Pa
c = 2.998 x 108 m s-1
B = 0.51 mol-1/2 dm3/2 (in H2O, 25oC)
g = 9.81 m s-2
1 bar = 105 Pa
1 Torr = 1 mmHg = 133.322 Pa 

T(0K) = -273.15 oC
π = 3.14159

RT/F = 25.7 mV at 25oC
lnx/log10x = 2.303

1.
Given the solubility equilibrium,
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and the following standard reduction potentials at 25.0 oC ,
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calculate the solubility of Hg2Cl2 at standard conditions.
a)  7.37x10-4   mol dm-3
b)
8.63x10-7   mol dm-3
c)
1.13x10-9   mol dm-3
d)  2.57x10-18 mol dm-3


e)
1.60x10-9   mol dm-3
2.   
What must be the concentration of an aqueous aluminum sulfate, Al2(SO4)3, solution that would have the same ionic strength as an aqueous 0.1 M sodium phosphate, Na3PO4, solution (assuming that both electrolytes are easily soluble and undergo no chemical changes upon solution) ?


a) 0.09 M



b) 0.08 M



c) 0.01 M



d) 0.04 M

e) Cannot not be answered.

3.
Which of the following statements is not correct?

a)
The viscosities of gases increase as temperature increases.

b) 
The viscosities of liquids decrease as temperature decreases.


c)
The viscosities of gases decrease as temperature increases.

d)
The viscosities of liquids obey a law of the Arrhenius type.


e)
For gases viscosity is proportional to T1/2 , T being the temperature in Kelvin.

4.
The adsorption of carbon monoxide on silica obeys the Langmuir isotherm.  The volumes at STP of CO adsorbed on a silica sample at 0 oC were 18.6 mm3 and 25.0 mm3 at pressures of 7.5 torr and 12.5 torr respectively.  Based on the assumption that a single CO molecule occupies an area of 16 Å2, the surface area of the silica sample is:
a)
0.346    m2
b)
3.51      m2
c)
0.0378  m2
d)
34.6      m2
e)
3.75      m2
5. 
The application of the steady state approximation on the reactive intermediate and chain carrier in the mechanism,
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Step 3
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for the decomposition of acetaldehyde CH3CHO,
CH3CHO [image: image61.png]o



CH4 + CO



gives the rate of formation of methane as,

[Hint: Step 2, in which CH3 is regenerated, is not included in the steady state expression]

a)
d[CH4]/dt = k [CH3CHO]3/2
b)
d[CH4]/dt = k [CH3CHO]
c)
d[CH4]/dt = k [CH3CHO]2
d)
d[CH4]/dt = k [CH3CHO]1/2
e)
d[CH4]/dt = ka [CH3CHO]/(kb +[CH3CHO])  (
[image: image62.wmf]a

k

and 
[image: image63.wmf]b

k

are constants)
6.
Consider the hydrogen recombination reaction over a metal surface:

H + 
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 + H2    (slow)

Given the fact that adsorption is an exothermic process, what is the rate of the reaction at very low temperatures:

a) ( = k` (ka/kd) [H]2
b) ( = k` (ka/kd) [H] /(1+(ka/kd) [H])2
c) ( = k` [H]
d) ( = k` /(ka/kd) [H]
e) ( = k` (ka/kd) [H]
7.
If an aqueous ionic reaction between ClO- and ClO2- is carried out at two different solution ionic strengths: 0.1 M and 1 M, what would be the ratio of the rate constant of the reaction occurring in 0.1 M solution to that occurring in 1M solution?


a) 0.5




b) 2




c) 0.2




d) 5




e) 2.2

8.
The unimolecular adsorption of phosphine (PH3) on tungsten is of the Langmuir type.  Additionally the rate of decomposition of phosphine adsorbed on a heated tungsten surface is proportional to the fraction of the surface covered by phosphine molecules.  The rate of phosphine decomposition at very high phosphine pressure is,

a)
zero order.
b)
second order.

c)
first order.

d)
of undefined order. 

e)
changing order
9.
Two reactions of the same order have identical activation energies and their entropies of activations differ by 50 J K-1 mol-1. Calculate the ratio of their rate constants at any temperature.

a) 409

b) 112

c) 21

d) 281

e) 92

10.
A certain spherical protein molecule has a diffusion coefficient of 4.3 x 10-11 m2/s in water at 293.15 K. The viscosity of water at 293.15 K is 1.002 x 10-3 kg/(m s) and the density of the pure protein is 1.5 g/ml at 293.15 K. What is 
the molar mass of this protein?

a) 0.47 tons/mol
b) 0.47 kg/mol
c) 4.7 tons/mol
d) 4.69 g/mol
e) 4.69 kg/mol

11. 
Consider the second order decomposition reaction of gaseous AB3:




AB3  (  ½ A2 + 3/2  B2
The change of the partial pressure of AB3 with time at 200 oC is as follows:

	Time, h
	0
	5.0
	15.0

	
[image: image70.wmf]3

AB

P

, mmHg
	660
	330
	165


Calculate the rate constant of the decomposition AB3.

a) 2.86 x 10-4 h-1 mmHg-1
b) 2.14 x 10-3 h-1 mmHg-1
c) 7.21 x 10-7 h-1 mmHg-1
d) 5.12 x 10-4 h-1 mmHg-1
e) 3.03 x 10-4 h-1 mmHg-1
12.
What is the ratio of the viscosity of neon gas (M = 20 g/mol) to that of argon gas (M = 40 g/mol), at the same temperature, when the corresponding ratio of atomic diameters is denoted by x?


a) (1/2) /x



b) (1/2)1/2/x2



c) (1/4)/x



d) 21/2 x1/2

 
e) 2/x

13.
The molar ionic conductivity of Cs+ is 77.2 S cm2/mol in water at 298.15 K, and that of I- is 76.8 S cm2/mol. What is the diffusion coefficient of CsI in water at 298.15 K?


a) 2.66 x 10-7 cm2/s



b) 1.03 x 10-5 cm2/s

c) 0.49 x 10-5 cm2/s


d) 0.49 x 105 cm2/s

e) 2.05 x 10-5 cm2/s
14.
For a certain reaction the rate constant at 100 oC is ten times the rate constant at 60 oC. What is the activation energy of the reaction, assuming that the pre-exponential factor does not change between 60 and 100 oC?

a) -98 kJ/mol

b) 2.9 kJ/mol

c) 0.13 J/mol

d) 98 kJ/mol

e) -2.9 kJ/mol
15.
What is the standard electrode potential, Eo, at 298 K for 



Sn4+ + 4 e- → Sn, 


when 



Sn2+ + 2 e- → Sn 
Eo = -0.136 V 



Sn4+ + 2 e- → Sn2+ 
Eo = 0.150 V 

at 298 K?


a) 1.4 mV



b) 7 mV



c) 140 mV

d) -7 mV

e) –286 mV
16.
Catalytic hydrogenation of nitrobenzene (RNO2) occurs through a Langmuir-Rideal like mechanism where liquid phase RNO2 reacts with dissociatively adsorbed hydrogen as follows:

H2+ 
[image: image71.emf]-Mo-Mo-Mo-
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Consider that  


[image: image78.png]Kzno,



= Equilibrium adsorption constant of RNO2

[image: image80.png]


   = Equilibrium adsorption constant of H2

If the hydrogen pressure is much higher (~40 bar) than the concentration of nitrobenzene (~5x10-3 M), the reaction rate is given by:

a) ( = k` [image: image82.png]Krno,



 [RNO2]/ [image: image84.png]K/?



 [H2]1/2 
b) ( = k`  [RNO2]
c) ( = k` [image: image86.png]Krno,



 [RNO2]
d) ( = k` [image: image88.png]Krno,



 [RNO2] [image: image90.png]K/?



 [H2]1/2 
e) ( =k` [image: image92.png]Krno,



 [RNO2]/ [image: image94.png]K3/?



 [H2]3/2
17.
If the following cell discharges at 298.15 K,



Cr(s)|Cr2(SO4)3 (aq, 0.1 M)||Co(NO3)2 (aq, 0.5 M)|Co(s)

 Given that



Cr3+ + 3 e- → Cr 
Eo = -0.744 V 


Co2+ + 2 e- → Co 
Eo = -0.280 V 

What will happen in the cell at 298.15 K?
a) Chromium dissolves.

b) Cobalt dissolves.

c) Chromium is deposited.

d) The chromium ion concentration decreases.

e) The cobalt ion concentration increases.

18. 
For the elementary reaction

½ A 
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the initial concentration of A is ao. After what time in terms of the rate constant and ao does A reach 75 % disappearance?
a) t = [image: image97.png]


/k
b) t = [2 - [image: image99.png]
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19.
In the photochemical decomposition of hydrogen iodide, HI, with 200 nm wave-length light, when 10 J of energy are absorbed, 4.24 mg of iodine, I2, are formed. Does the quantum yield of the iodine formation in this experiment suggest that the mechanism




HI + hυ → H + I




 H + HI → H2 + I




        2 I → I2

could be correct (molar mass of I2: 253.8 g/mol)?
a)  The mechanism can be correct, because the quantum yield is 1 in both the experiment and in the mechanism.

b)  The mechanism can be correct, because the quantum yield is 2 in both the experiment and in the mechanism.

c)  The mechanism cannot be correct, because the quantum yield is 2 for the mechanism and 1 for the experiment.

d)  The mechanism cannot be correct, because the decomposition of 2 hydrogen iodide molecules per photon does not agree to the experiment

e)  The mechanism is sure correct because the quantum is 1 both in experiment and in the mechanism.

20.
The EMF of the following cell is 0.5 V at 25 (C,

Ag(s) ( AgCl(s) ( MCl(0.1 M) ( M(s)


assume Debye-Huckel limiting law (DHLL) to apply and MCl is a strong electrolyte, calculate Eo for the cell at 25oC.

f) 0.639 V

g) 0.760 V

h) 0.563 V

i) 0.876 V

j) 0.329 V

21. 
The densities of acetone and water at 20 oC are 0.972 g cm(3 and 0.9982 g cm(3, respectively.  The viscosity of water is 1.002x10-3 Pa s at 20 oC.  If at 20 oC water requires 120.5 s to run between the marks on a viscometer and acetone requires 40.5 s, what is the viscosity of acetone?


a)
3.28x10-4 Pa s

b)
2.90x10-3 Pa s



c)
1.03x10-3 Pa s


d)
3.06x10-3 Pa s


e)
6.56x10-4 Pa s 

22.
In a lab experiment, if a force of 6.77 mN was required to pull a fine platinum-irridium ring of 1.00 cm in diameter off the surface of a liquid, the surface tension of the liquid is:
a)
1.08       N m(1.

b)
0.0539   N m(1.

c)
0.108     N m(1. 

d)
0.539     N m(1.

e)
0.0431   N m(1.

23.
The standard potential of the Cl-( AgCl(s) (Ag(s) electrode over a range of temperatures has been found to fit the expression,





Eo /V = 0.23659 – 4.8564x 10-4 T


Calculate the entropy of the formation of Cl- at 298 K.

a. +46.84 J K-1 mol-1
b. -46.84 J K-1 mol-1
c. +48.21 J K-1 mol-1
d. -48.21 J K-1 mol-1
e. +21.11 J K-1 mol-1
24.
For which of the following reactions is the energy of activation equal to zero?


a)
H        +     H      (     H2

b)
D        +     H2     (     HD    +    H


c)
      cyclopropane      (     propene


d)
2NO   +     Cl2    (    2NOCl 


e)
H        +    CH4   (    CH3    +   H2
25. 
Consider the mechanism
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What is the order of the rate of formation of hydrogen iodide, HI, with respect to hydrogen, H2?


a) -1

b) -2

c) 0

d) 2


e) 1
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