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Given equations: 

h = 6.626 × 10-34 J s or 6.626 × 10-34 kg m2/s, Neutron mass=1.67 × 10-27 kg; λ=h/mν; ∆E = 

energy level of nfinal−energy level ninitial;  

E = −2.178 × 10-18 J (Z2/n2); C = νλ; E = hc/ λ; kE electron=1/2 mv2;  

∆x • ∆p ≥ ħ/2  ħ=h/2π; F=96485 C; qrev=nRTln(V2/V1), ∆E=q+w; w p V= − ∆ ; fV V i∆ = －V ; 
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Mass of electron: 9.11 x 10-31kg, R=0.08206 L atm mol-1K-1, 8.3145 J K-1 mol-1, ZA=1/4 

(N/V)A(8RT/πM)1/2, f(u)=4π(m/2πkBT)3/2u2e(-mu2/2kBT), (KE)avg=3/2RT, Force per 

impact=ma= (m ∆u/∆t), u=(3RT/M)1/2, (2RT/M)1/2, (8RT/πM)1/2, Vsphere=4/3πr3,  
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Directions: For each question, select the best answer. 

 

  

1. At a particular temperature a 2.00-L flask at equilibrium contains 2.80 ×10-4 mol N2, 2.50 × 10-5 

mol O2, and 2.00 × 10-2 mol N2O. Calculate K at this temperature for the reaction 

2 2 22 ( ) ( ) 2 ( )N g O g N O g+ � ��� ��  

If [N 2] = 2.00 × 10-4 M, [N2O] = 0.200 M, and [O2] = 0.00245 M, does this represent a system at 

equilibrium? 

A. No, the reaction shifts to the right. 

B. Yes, this represents a system at equilibrium. 

C. No, the reaction shifts to the left. 

D. Yes, the reaction will stop. 

E. Yes, the reaction is at the equilibrium and [O2] = 0. 

 

 

2. At a particular temperature, Kp = 2.0 × 10-6 atm for the reaction  

2 22 ( ) 2 ( ) ( )CO g CO g O g+� ��� ��  

If 2.0 mol of CO2 is initially placed into a 5.0-L vessel, calculate the equilibrium concentration of 

all species. 

A. [CO2]eq =0.93M, [CO]eq =0.086M, [O2]eq =0.035M 

B. [CO2]eq =0.39M, [CO]eq =0.086M, [O2]eq =0.043M 

C. [CO2]eq =0.30M, [CO]eq =0.068M, [O2]eq =0.004M 

D. [CO2]eq =0.39M, [CO]eq =0.0086M, [O2]eq =0.0043M 

E. [CO2]eq =0.39M, [CO]eq =0.0076M, [O2]eq =0.0055M 
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3. A sample of gaseous PCl5 was introduced into an evacuated flask so that the pressure of pure 

PCl5 would be 0.5 atm at 523 K. However, PCl5 decomposed to gaseous PCl3 and Cl2, and the 

actual pressure in the flask was found to be 0.84 atm. Calculate Kp for the decomposition reaction at 

523 K. Also calculate K at this reaction. 

 

5 3 2( ) ( ) ( )PCl g PCl g Cl g+� ��� ��  

A. Kp = 0.60 atm, K=2.3 × 10-2 mol/L 

B. Kp = 0.72 atm, K=1.0 × 10-2 mol/L 

C. Kp = 0.72 atm, K=1.7 × 10-2 mol/L 

D. Kp = 0.85 atm, K=2.8 × 10-2 mol/L 

E. Kp = 0.64 atm, K=1.2 × 10-2 mol/L 

 

4. In which direction will the position of the equilibrium 

2 22HI(g) ( ) ( )H g I g+� ��� ��  

 shift for each of the following changed conditions? 

i. H2(g) is added. 

ii.  I2(g) is removed. 

iii.  HI(g) is removed. 

iv. Some Ar(g) is added. 

v. The volume of the container is doubled. 

vi. The temperature is decreased (the reaction is exothermic) 

A. i.) left, ii.) left, iii.) left, iv.)left, v.) left, vi.)right,  

B. i.)right, ii.) left, iii.) left, iv.)left, v.) left, vi.)no effect,  

C. i.) left, ii.) right, iii.) left, iv.)no effect, v.) no effect, vi.)left, 

D. i.) left, ii.) right, iii.) left, iv.)no effect, v.) no effect, vi.)right,  

E. i.) right, ii.) no effect, iii.) left, iv.)left, v.) left, vi.), left 
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5. Lexan is a plastic used to make compact discs, eyeglass lenses, and bullet-proof glass. One of the 

compounds used to make Lexan is phosgene (COCl2), a poisonous gas. Phosgene is produced by 

the reaction 

2 2( ) ( ) ( )CO g Cl g COCl g+ � ��� ��  

for which K = 4.5 ×109 L/mol at 100. °C  and  Kp=1.5 × 108 atm-1. 

Equal moles of CO and Cl2 are reacted at 100. °C.  If the total pressure at equilibrium is 5.0 atm, 

calculate the equilibrium partial pressure of all the gases. 

A. PCO=1.8 x 10-4 atm,  PCl2=1.8 x 10-4 atm, PCOCl2=5.0 atm 

B. PCO=1.8 x 10-5 atm,  PCl2=1.8 x 10-5 atm, PCOCl2=5.0 atm 

C. PCO=5.0 atm,            PCl2=1.8 x 10-4 atm, PCOCl2=5.0 atm 

D. PCO=1.8 x 10-5 atm,  PCl2=5.0 atm,           PCOCl2=5.0 atm 

E.  PCO=1.8 x 10-4 atm,  PCl2=5.0 atm,           PCOCl2=5.0 atm 

 

6. Using table 7.2, arrange these species according to their strength as bases H2O, F-, Cl-, NO2
-, and 

CN-. 

 

 
 

a.  Cl-< H2O<F-<NO2
-< CN-. 

b.  F-< H2O<Cl-<NO2
-<CN-. 

c.  NO2<F-<Cl-<H2O<CN-. 

d.  CN-< F-<Cl-<NO2
-<H2O. 

e.  Cl-<F-<NO2
-<H2O<CN-. 

f.  Cl-<F-<H2O<NO2
-<CN-. 
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7. Calculate the pKa of the conjugate acid of water, H3O
+.  

 

A. -1.85 

B. 1.85 

C. -1.74 

D. 1.74 

E. 7.00 

 

8. What is the pH of 1.0 x10-11 M HI in water. 

 

A. 11.00 

B. 3.98 

C. 6.00 

D. 5.50 

E. 7.00 
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9. Calculate the fraction of CO3
2-: HCO3

- at pH=9.00 

 

Given 

2 3 3H CO ( ) H ( )  HCO ( )aq aq aq+ −→ +←             

Assume 

Ka1= [ ]
+ -

-73

2 3

[H ][HCO ]
=4.3 x 10

H CO  

2
3 3HCO ( ) H ( )  CO ( )aq aq aq− + −→ +←                        

Assume 

Ka2=

+ 2-
-113

-
3

[H ][CO ]
=4.8 x 10

HCO  

 

2 2 3CO ( ) H O H ( )  HCO ( )aq aq aq+ −→+ +←
          

A.  4.8x10-2 

B.  3.8x10-2 

C.  0.95 

D.  2.3x10-3 

E.  4.8x10-11 
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10. Calculate the fraction of HCO3
-, and at pH=8.00 

 

Given 

2 3 3H CO ( ) H ( )  HCO ( )aq aq aq+ −→ +←             

Assume 

Ka1= [ ]
+ -

-53

2 3

[H ][HCO ]
=2.6 x 10

H CO  

2
3 3HCO ( ) H ( )  CO ( )aq aq aq− + −→ +←                        

Assume 

Ka2=

+ 2-
-93

-
3

[H ][CO ]
=3.2 x 10

HCO    

2 2 3CO ( ) H O H ( )  HCO ( )aq aq aq+ −→+ +←
          

A. 0.95 

B. 0.83 

C. 0.76 

D. 0.42 

E. 0.59 
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11. The principal equilibrium in a solution of NaHCO3 is  

2
3 3 2 3 3HCO ( )  HCO ( ) H CO ( )  CO ( )aq aq aq aq− − −→+ +←  

 

Where Ka1= 5.2x10-9, Ka2= 3.3x10-11.  

What is the value of the equilibrium constant for this reaction? 

 

A. 6.4x10-3 

B. 8.7x10-4 

C. 3.3x10-2 

D. 1.1x10-4 

E. 1.1x10-3 

 

12. Assume a 0.100 M solution of NH4C2H3O2 has a pH of 8.00. 

NH3 is a weak base and C2H3O2
- is the anion of a weak acid. 

Calculate the Kb of C2H3O2
-, assume that the Kb of NH3=1.0x10-3. 

 

A. 1.0x10-9 

B. 1.0x105 

C. 1.0x10-5 

D. 1.0x109 

E. 1.0x10-3 

 

13. Classify each of the following as a strong acid, weak acid, strong base, or a weak base in 

aqueous solution. 

 

i. HNO2    ii. HNO3    iii. CH3NH2    iv. NaOH    v. NH3 

vi. HF    vii. HCO2H    viii. Ca(OH)2    ix. H2SO4 

 

A. strong acid or base: ii, iv, viii, ix ; weak acid or base: i, iii, v, vi, vii 

B. strong acid or base: i, ii , iii, v, vii,; weak acid or base: iv, vi, viii, ix 

C. strong acid or base: ii, iv, vi, ix ; weak acid or base: i, iii, v, vii,viii 

D. strong acid or base: ii, iv, vi, vii, ix ; weak acid or base: i, iii, v, viii 

E. strong acid or base: ii, iv, vi, viii, ix ; weak acid or base: i, iii, v, vii 
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14. At 40.°C the value of Kw is 2.92 × 10-14. If the hydroxide ion concentration in a solution is 0.10 

M, what is the pH at 40. °C? 

A. pH = 11.53 

B. pH = 7.00 

C. pH = 10.34 

D. pH = 12.53 

E. pH = 6.77 

 

15. How much volume of concentrated (12 M )HCl into 1600 mL of water, to get a pH = 1.50 

solution? 

A. 5.0 mL 

B. 4.2 mL 

C. 4.7 mL 

D. 6.3 mL 

E. 1.2 mL 

 

16. In a two bulb system shown below with total n particles, the probability of finding all the 

molecules of gas in the left bulb after opening the valve is defined as  
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17.  The work function of an element is the energy required to remove and electron from the 

surface of the solid.  The work function for lithium is 279.7 kJ/mol.  (that is, it takes 279.7 kJ of 

energy to remove one mole of electrons from one mole of Li atoms on the surface of Li metal)  

What is the maximum wavelength of light that can remove an electron from an atom in lithium 

metal? 

A. 1 nm 

B. 428 nm 

C. 2 pm 

D. 500 pm 

E. 5 m 

 

18. Which one is the correct systematic name for HClO? 

A. perchlorate 

B. chlorate 

C. chloric acid 

D. hypochlorous acid 

E. chlorous acid 

 

19.Which of the following are the correct names of the following compounds? 

CoBr2, CaCl2, Al2O3, CrCl3 

A. cobalt(II) bromide, calcium chloride, aluminum oxide, chromium(III)chloride 

B. cobalt bromide, calcium chloride, aluminum oxide, chromium trichloride 

C. cobalt(I) dibromide, calcium chloride, aluminum oxide, chromium(III)chloride 

D. cobalt(II)bromide, calcium(I) chloride, aluminum oxide, chromium(III)chloride 

E. cobalt(II)bromide, calcium chloride, aluminum(III) oxide, chromium(III)chloride 

 

20. The most accurate method for comparing masses of atoms is the use of the 

A. a scale 

B. elemental analyses 

C. x-ray spectrometer 

D. combustion device 

E. mass spectrometer 


