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CHEMISTRY 161 – Final Exam Sample Problems 
 

NOTE: Although this is a selection of sample problems to help you prepare for the 
Chemistry 161 final exam, it is NOT comprehensive. It is still a work in progress. 

  
1. When sodium metal is added to water the following reaction occurs: 
 

_____Na (s)  + _____H2O (l)    _____H2(g) + _____NaOH(aq) 
 

a. Balance the equation above. 
b. If 2.14 g of sodium metal are added to 100.0 mL of water, how many moles of NaOH(aq) are 

produced? 
c. What is the molar concentration of NaOH in the solution (assuming the Na metal did not 

increase the final volume of the solution)? 
 

2. When propane gas reacts with oxygen, the following reaction occurs: 
 

  C3H8(g)  +  5 O2(g)        3 CO2(g)  +  4 H2O(g) 
 

Calculate the limiting reactant in each of the following cases, and in each case, calculate the moles of 
excess reactant that remain: 

 
a. 1.00 mol C3H8  and 5.05 mol O2 
b. 1.00 mol C3H8  and 4.95 mol O2 
c. 2.43 mol C3H8 and 2.43 mol O2 

 
d. How many grams of carbon dioxide are produced when 35 g of propane react with 150 g of oxygen? 
 

3. Consider the decomposition of hydrogen peroxide: 
       

2 H2O2 (aq)      O2(g)  +  2 H2O(l) 
   

If 0.345 g of hydrogen peroxide decompose, what is the percent yield if 0.100 g of oxygen gas is obtained 
from the reaction?  

 
4. What mass of sodium hydroxide is required to completely neutralize 10.3 g of nitric acid? Write the 

chemical equation for the reaction. 
 
5. The presence of calcium carbonate in a sample of limestone can be determined by reaction with 

hydrochloric acid. A 3.752 g sample of limestone required 0.94 g of sulfuric acid for complete 
neutralization of calcium carbonate in the sample. Calculate the mass percentage of calcium carbonate 
in the limestone sample. 

 
6. Draw the Lewis structure for methanol (CH3OH), then sketch the 3D shape with dipoles: 
 

Based on your Lewis structure, is methanol soluble/insoluble in or miscible/ immiscible with water? 
(Water is polar, and it will dissolve other polar/ionic substances)   ______________ 

   
7. Find the molarity of a solution prepared by dissolving 23.2 g of LiBr in 775.0 mL of solution. 
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8. Calculate the number of moles of Na2SO4 present in 10.0 mL of 2.00 M Na2SO4.  

 
9. Consider the following reaction:  
 

  2 FeCl3(aq) +  3 Na2CrO4(aq)  Fe2(CrO4)3(s) + 6 NaCl(aq) 
 
 Calculate the mass of precipitate produced when 0.13 mol of ferric chloride react with 50.0 mL of 1.25M 

sodium chromate.  
 
10. Calculate the mass of calcium in 134.3 mL of 0.663 M calcium chloride. 

 
11. Calculate the mass of magnesium nitrate required to prepare 75.0 mL of 1.50 M magnesium nitrate. 

 
12. Correct each of the following formulas: 

a. Barium oxide is BaO2 
b. Iron (II) nitrate is Fe(NO3)3. 
c. Magnesium sulfide is MnSO3. 

 
13. Correct each of the following names: 

a. CuI is cobalt (II) iodide. 
b. MgCr2O7 is magnesium dichromium heptaoxide. 

 
14. Gallium has two naturally occurring isotopes, 69Ga (isotopic mass 68.9256 amu, abundance 60.11%) and 

71Ga (isotopic mass 70.9247 amu, abundance 39.89%). Calculate the atomic mass of gallium and draw 
the mass spectrum for this element. 
 

15. Give the oxidation number of nitrogen in the following: 
a. NH2OH 
b. N2F4 
c. NH4

+ 
d. HNO2 

 
16. Identify the oxidizing and reducing agents in the following: 

 
8H+(aq) + Cr2O7

2-(aq) +3SO3
2-(aq)  2Cr3+(aq) + 3SO4

2-(aq) + 4H2O(l) 
 

17. Classify each of the following as a compound, a homogeneous mixture, or a heterogeneous mixture: 
a. Distilled water   ____________________     

b. Gasoline ____________________    

c. Beach sand ____________________     

d. Wine  ____________________     

18. Serotonin (molar mass = 176 g/mol) transmits nerve impulses between neurons. It contains 68.2 mass % 
C, 6.86 mass % H, 15.9 mass % N, and 9.08 mass % O. What is its molecular formula? 
 

19. True or False: 
 

_____  A mole of one substance has the same number of atoms as a mole of any other substance. 
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_____ The theoretical yield for a reaction can be calculated using an unbalanced chemical equation. 
 
20. Hydrogen gas has been suggested as a clean fuel because it produces only water vapor when it burns in 

oxygen. If the reaction has a 98.8% yield, what mass of hydrogen forms 95 kg of water? 

21. Calculate the value of ANY TWO the following quantities: 
 

__________  Moles of ammonium bromide in 0.588 g of ammonium bromide 
 
__________  Number of potassium ions in 88.5 g of potassium nitrate 
 
__________  Mass in grams of 5.85 mol of glycerol 
 
__________  Volume of 2.85 mol of chloroform (CHCl3; d = 1.48 g/mol) 
 
__________  Number of sodium ions in 2.11 mol of sodium carbonate 
 
__________  Number of atoms in 25.0 mg of cadmium 
 
__________  Number of atoms in 0.0015 mol of fluorine gas 

 
 
22. Calculate the mass of each product formed when 174 g of silver sulfide reacts with excess hydrochloric 

acid: 
 

Ag2S(s)    +    HCl(aq)      AgCl(s)    +     H2S(g)  [unbalanced] 
   
23. Balance the following chemical reaction: 

 

a. _____I2(s)  +    ____Na2S2O3(aq)       ______ Na2S4O6(aq)  + ______NaI(aq) 
 

b. Identify the products and reactants in the equation above. 
 
24. Complete and balance the following molecular equation: 

 

a. _______K2SO4 (aq)  +    ______BaCl2 (aq)        
 

b. Write the net ionic equation for the reaction above. 
 
25. Balance the following chemical equations: 

 
_____Fe(s) + _____I2(l)  _____FeI2(s) 
 
_____Ba(OH)2 (aq) + _____HCl(aq)  _____ H2O(l) + BaCl2(aq) 
 
_____PbO(s) + _____NH3(aq)    _____N2(g) + _____H2O(l) + _____Pb(s) 
 

26. You have an unknown substance that contains cobalt and chloride. You suspect that it is either cobalt (I) 
chloride or cobalt (II) chloride. You do know that 207.34 g of the pure compound contains 129.46 g of 
cobalt.  
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What is the formula of the compound? 
 

27. Please answer the following questions about the ion SO3
2- : 

a. Are the bonds in SO3
2-  ionic, covalent, or metallic?   ______________ 

b. How many total (valence) electrons does the molecule have?     ______________  
c. Draw the Lewis Structure of SO3

2-, showing any resonance forms and/or double bonds, if necessary. 
 

28. Circle all of the following that are pure substances: 
a. mercury 
b. a cup of coffee 
c. pure water 
d. carbon dioxide 
e. air 

 
29. A scientist obtains the number ( 9953.3 ) on a calculator. If this number actually has three (3) significant 

figures, how should it be written? 
a. 9953 
b. 9953.0 
c. 9950 
d. 9950.0 
e. 9.9 x 103 
 

30. How many significant figures are in the following measurements? 
a. _____________  3.400 x 103 grams 

b. _____________  3400 grams 

c. _____________  0.00034 grams   

 
31. Write the following numbers in scientific notation (with the same number of significant figures) 

a. 1243.01   ___________________ 
b. 1010.   ___________________ 
c. 0.00004  ___________________ 

 
32. How many atoms are there in one molecule of the following compounds?   

 
Ca(NO3)2 ________     b) KCl  ________   

 
33. Give the corresponding symbol or name for the following elements: (Spelling counts!) 

 
Iron   O   

Iodine   Li   

Silver   Pb   

 
34. MARK THE TRUE STATEMENTS WITH AN “X”  
 

 The gravitational attraction between electrons and protons keeps the electrons near the nucleus 

  Precipitation reactions are examples of physical changes. 

 Oxidation is a chemical change. 
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 Molecules are different from polyatomic ions because they have more atoms. 

 Salt water is a pure substance because it is homogeneous and difficult to separate. 

 The oxidation number of a pure element in its natural state is zero. 

 Elements differ from compounds because elements are pure substances. 

 The size of the degrees in the Celsius scales is “bigger” than the size of a degree in the Kelvin scale.  

 Ionic bonds form between metals and non-metals 

 Covalent bonds form between metals. 
 
35. Using core notation (e.g., with noble gas configuration in brackets), give the electron configuration for 

the following chemicals:  
 

F-   
Ag   
Sulfur   

 
Refer to the figures below to answer the following questions: 
 

 
 
36. ______  Best represents a heterogeneous mixture of two elements 
 
37.  _____   Best represents a solid element. 
 
38. ______   Best represents a gaseous compound. 
 
39. An Olympic-sized swimming pool is 50.0 m long and 25.0 m wide. 

a. How many gallons of water (d = 1.0 g/mL) are needed to fill the pool to an average depth of 4.8 
ft.?  

b. What is the mass of water in the pool (in kg)? 
 
40. Using full notation, give the electron configuration for the following ion:  

S2-   
 
41. When an electron drops down in energy, it  _________ a photon of light. 

 

B) C) 

D) E) 

A) 
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42. Check all of the following statements that are true: 
  a. Blue light has a longer wavelength than red light. 
  b. The key feature of the Bohr model for the atom is that electrons orbit the atom in specific 

orbitals.   
  c. An electron in the 3s orbital is always farther from the nucleus than one in the 2s orbital. 

   d. The 3d orbital is lower in energy than the 4s orbital. 
  e. There are three different p orbitals and four different d orbitals. 
  f. According to Heisenberg’s Uncertainty Principle, both the position and the momentum of an 

electron can be known, but without much precision. 
 
43. Mark all of the statements below as either TRUE or FALSE: 

________ Elements in the same group on the Periodic Table have the same number of valence 

electrons. 

 ________ All halogens have ground state electron configurations that end with np5. 

________ When a solid sublimates, it turns directly into a gas. 

 
 
44. Complete the isotope table for the following isotopes. Be sure to complete the isotope symbol. 
 

Symbol  Pb2+      (______??) 

Neutrons   

Atomic Number   

Mass Number 206  

Protons   

Electrons  81 

 
45. Indicate the symbol for the element that fits each of the following descriptions: 

a) _______ The noble gas in the 1st period 

b) _______ The halogen in the 5th period  

c) _______ The metal with the lowest atomic number. (Not hydrogen.) 

d) _______ The element in the 3rd period with an electron configuration ending in 3s23p4. 

 
46. Using core notation, give the electron configuration for the following ions:  

Fe2+   
 
47. Using full notation, give the electron configuration for the following ions:  

 
Cl-   

 
 
48. Circle the appropriate element or ion below: 

 
a. Has the lowest ionization energy:   Na  Rb  S  Mg  

 

205 
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b. Is the least metallic:    K  Ca  As  Br 
 

c. Has the smallest atomic radius:  F  F-  Cl  Cl- 
 
49. Explain: Why do atoms with a small atomic radius have higher ionization energies?  
 
50. Excluding the noble gases, which element on the periodic table has the highest electronegativity?  

 
51. Circle any pair(s) below that are NOT isoelectronic: 

 
a. Ar and Na+ 

 
b. Br- and Rb+ 

 
c. S2- and K+ 

 
d. S2- and Ca2+ 

 
52. As you move left to right across a period in the Periodic Table, the successive elements each have more 

protons, neutrons, and electrons.  
 
a. What happens to the atomic radius as you move across the Periodic Table in this way? 
b. How do you explain this trend? 

 
53. Why does atomic radius decrease even as the number of neutrons in the nucleus increases? 

 
54. Mark each of the following as TRUE or FALSE: 

 
____ The classical model of light did not explain blackbody radiation because it assumed that the 

wavelength of light could vary continuously. 
_____ The intensity of light refers to its amplitude, not its wavelength. 
 

55. Draw the Lewis structure for each of the following: 
 

a.  S2- 

 

 

 

 

b.  Cl- 

 

 

 

 

 
 

56. Which of the following names is incorrect? 
 
a) NH4Br  ammonium bromide 
b) KHCO3  potassium hydrogen carbonate 
c) NO3

-     nitrate ion 
d) CuCl  copper(I) chloride 
e) MnO4

-  manganese tetraoxide ion 
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57. Calculate the number of oxygen atoms in 43.00 g of potassium nitrate. 
 

58. How many grams of titanium are present in 0.0200 moles of titanium? 
 
59. For each the following compounds, give the formula or name corresponding to the name or formula 

provided.  
 
 lead (II) sulfide    

 zinc nitrate     

 silver chloride    

 ammonia    

 FeCl2          

 Cr2(PO4)2    

 NCl5          

 H3PO4(aq)    

 HI(g)            

 HI(aq)     

 
60. Complete the table: 

  

 
Chemical  
Formula 

Total 
Number 

of 
Valence 

Electrons 

Lewis Dot Structure 
 

Show all lone pair electrons 

IO3
-  

 
I is the  

central atom 
 

  

 

61. How many atoms of silver are in 20 g of AgCl? How many atoms of aluminum are in 27 g of aluminum 
sulfate? 
 

62. There are three isotopes of hydrogen (H-1, H-2, and H-3) and two isotopes of bromine (Br-79 and Br-80). 
How many peaks are visible in the mass spectrum of HBr+?  
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63. Circle all of the molecules  below which contain polar covalent bonds: 
a. I2 
b. HF 

c. NH3 

d. H2SO4 

e. CH4 

 
a. Which molecule(s) above have polar covalent bonds, but are non-polar overall? 

 ________________ 
 

b. Which molecule(s) in Question 56 (above) have non-polar bonds, and are non-polar overall?  
________________ 

 
c. Which molecule(s) in Question 56 (above) have polar bonds, and are polar overall?  

________________ 
 

64. Determine the oxidation number of each element in the following compounds: 
a) Sulfur pentaoxide 

S  _____ 

O  _____ 

b) Nitric acid 
H _____ 

N _____ 

O _____ 

 
65. According to Valence Bond Theory, the bond between the two oxygen atoms in the H2O2 molecule is 

(Hint: one hydrogen is bonded to each of the oxygens which are bonded to each other): 
 

a) A single bond between two sp3 hybrid orbitals on the two oxygen atoms 
b) A single bond between two p orbitals on the two oxygen atoms 
c) A double bond composed of one σ bond between two sp2 hybrid orbitals and one π bond between p 

orbitals on the two oxygen atoms 
d) A triple bond composed of one σ bond between two sp hybrid orbitals and two π bonds between p 

orbitals on the two oxygen atoms 
 
66. Ethylene tetrachloride, C2Cl4, is a polar / non-polar molecule? 

 
67. Answer the following questions about the molecule …  NO3

-  
 
i.  Lewis Structure (resonance forms?) ii. Sketch the 3D shape (with dipole arrows) 

 
iii.    Name the molecular shape of NO3

-   

iv. What are the bond angles in this molecule?     

v.  Is the molecule polar or non-polar?   
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68. Answer the following questions about the ion   …  H3O

+  
 
i.  Lewis Structure (resonance forms?) ii. Sketch the 3D shape (with dipole arrows) 

iii.    Name the molecular shape of H3O
+   

iv. What are the bond angles in this molecule?     

v.  Is the molecule polar or non-polar?   

 


