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Multiple Choice 
Identify the choice that best completes the statement or answers the question. 
 

1. Given the following, which correctly depicts the third ionization of the element aluminum? 
a) Al+2(g) + e- → Al+1 (g) 

b) Al(g) → Al+(g) + e- 

c) Al-2(g) + e- → Al3-(g) 
d) Al+2(g) + e- → Al3+(g) 

e) Al+2(g) → Al3+(g) + e- 
 
Ionization energy has to do with losing electrons. After two founds of ionization, the aluminum element 
would be at a +2 charge. After a third round of ionization, the +2 charge would go to a +3 charge and 
release an additional electron. 
 

2. Of the choices below, which gives the order for magnitude of first ionization energies? 
a) Kr  >  Se  >  Br  >  Ga  >  Ge. 
b) Kr  >  Br  >  Se  >  Ge  >  Ga. 
c) Ga  >  Br  >  Ge  >  Kr  >  Se. 
d) Ga  >  Ge  >  Se  >  Br  >  Kr. 
e) Br  >  Se  >  Ga  >  Kr  >  Ge. 

First ionization energy increases as you go up and to the right on the periodic table. You must know all 
your periodic table trends in order to do well on this exam! 
 

3. Which of the following statement(s) is/are 
correct when describing the diagram to the 
right? Select all that apply. 
a) Considering only ionic radii, the black dots 

represent cations while the white dots 
represent anions. 

b) Considering only ionic radii, the black dots 
represent anions while the white dots 
represent cations. 

c) The ionic radii cannot be compared without 
knowing the atomic radii. 

d) Ionic radii cannot be compared without 
knowing the period for each element. 

e) Considering only atomic radii, the white dot could represent chlorine and the black dot 
could represent potassium. 

 
Options b, d, and e are correct when describing the diagram. 
 
Option a reads the opposite of option b and option b is the correct choice. 
 
When looking at option c, you CAN compare ionic radii without knowing the atomic radii and but 
CANNOT compare ionic radii without knowing the period for each element. 
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4. Effective nuclear charge _____________ and atomic radius _____________ when moving across 
the periodic table from argon to potassium. 
a) increases, increases. 
b) increases decreases. 
c) decreases, increases. 
d) decreases, decreases. 
e) stays the same, increases. 

Moving along the periodic table going from right to left and top to bottom, effective nuclear charge 
DECREASES and atomic radii INCREASES. You must be comfortable with all your periodic trends in order 
to do well on this exam! 

5. In lecture, you are given an atom that is part of a larger molecule that has the generic electron 
configuration of ns2 np4 and has a formal charge of -1. How many bonds is this atom making and 
how many lone pairs does it have? 
a) The atom is making 1 single bond and has 3 lone pair of electrons. 
b) The atom is making 1 single bond and has 6 lone pairs of electrons. 
c) The atom is making 1 double bond and has 2 lone pairs of electrons. 
d) The atom is making 1 double bond and has 4 lone pairs of electrons. 
e) The atom is making 1 triple bond and has 1 lone pair of electrons. 

With the generic electron configuration ns2 np4, we know that our generic atom has 6 valence electrons. 
We know that the easy formula for calculating formal charge is  

Formal charge = valence electrons – dots – sticks. 

Knowing that the formal charge of the atom in the structure is -1, we can determine the answer. Note 
that for this formula, each lone pair is two dots. You count EACH individual electron! 

Option a: 6 – 1 – 6 = -1 

Option b: 6 – 1 – 12 = -7 

Option c: 6 – 2 – 4 = 0 

Option d: 6 – 2 – 8 = -4 

Option e: 6 – 3 – 2 = +1 

6. Which of the following species contain at least one covalent bond? Select all that apply. 
a) Na3PO4. 
b) PCl3. 
c) NaCl. 
d) NO2. 
e) SiF4. 

 
Options b, d and e are clearly nonmetals bound together, making them obvious choices to identify as 
polar covalent bonds. NaCl is the classic example of an ionic bond.  
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Where students struggle with this question is option a. Na bound to PO4 is clearly an ionic bond, but 
within the PO4 molecule there are covalent bonds, making option a a correct answer. Be careful with 
questions like this! I guarantee they will put a trick like this on your exam! 
 

7. What is the formal charge on chlorine in the perchlorate ion?  
a) 3. 
b) -3. 
c) 2. 
d) 0. 
e) -1. 

To answer a question like this, you must know your polyatomic ions! We 
know that the molecular formula for perchlorate is ClO4-, with the 
corresponding Lewis structure shown below: 

Formal charge = valence electrons – dots – sticks  

Formal charge for chlorine = 7 -7 – 0 = 0 

8. For which molecule is the shortest wavelength needed to break the bond?  
a) CH4 
b) CO2 
c) SF4 
d) Unable to determine. 
e) They all require the same wavelength. 

Shortest wavelength = highest frequency = highest energy 

Double bonds are shorter and thus harder to break. Because of the double bonds present in CO2, we 
know that this molecule will require the most energy to break. 

9. Which polar covalent bond correctly shows the correct partial charge distribution? 
a) δ- H-Cl δ+ 
b) δ- Al-P δ+ 
c) δ- Te-S δ+ 
d) δ- Cl-P δ+ 
e) δ- I-F δ+ 

 
This is another question that a guarantee will show up on your exam! You must understand that in a 
polar covalent bond, the partial negative charge will go to the more electronegative element and the 
partial positive charge will go to the less electronegative element. In option d, Cl is more electronegative 
that P, giving a correct distribution of the partial charges. 
 

10. Given the following options, which correctly lists the covalent bonds from least polar to most 
polar? 
a) H-F < C-F < N-F < O-F. 
b) O-F < N-F < C-F < H-F. 
c) O-F < C-F < N-F < H-F. 
d) N-F < O-F < H-F < C-F. 
e) The polarity of all the bonds is the same. 
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Remember rules regarding electronegativity and polarity: the greater the difference in electronegativity, 
the greater the polarity of the bond! 

 
11. What is the molecular geometry of CO2?  

a) Linear. 
b) Bent. 
c) Seesaw. 
d) Trigonal Planar. 
e) None of the above. 

Based on the molecular geometry rules that you learned, CO2 is linear. If you are having problems with 
questions like these, look over the geometry chart provided in the exam review! 

 

12. A student proposes four different versions of the Lewis structure for CO3
2-. Of the four structures 

the student made for this ion, which is the correct one? 

a)                                        b)                                          c)                                        d)  

 
               e) None of the above are correct Lewis structures. 

Looking at structure a: We know carbon cannot make more than four bonds and this proposed structure 
has five bonds, so we know this cannot be the correct structure. 

Looking at structure c: This compound does not minimize charge on all atoms. All oxygens have a -1 
charge and carbon has a +1 charge, which it does not want to have. 

Looking at structure d: Carbon cannot make this many bonds 

The only reasonable structure is b. It has the correct number of bonds a carbon atom should make and 
puts charge on the most electronegative atoms (oxygen). 

13. Provide the electronic geometry and the molecular geometry for NH3. 
a) The electronic geometry is trigonal planar and the molecular geometry is tetrahedral. 
b) The electronic geometry is trigonal planar and the molecular geometry is trigonal 

bipyramidal. 
c) Both the electronic geometry and molecular geometry are tetrahedral. 
d) The electronic geometry is tetrahedral and the molecular geometry is trigonal bipyramidal. 
e) The electronic geometry is tetrahedral and the molecular geometry is trigonal pyramidal. 

NH3 has four electron domains, making the electronic geometry tetrahedral. One of those four regions is 
a lone pair of electrons, making the molecular geometry trigonal pyramidal. 
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14. A generic structure is given by XY2 and is known to have two lone pairs of electrons. What is the 
molecular geometry of this structure? 
a) Tetrahedral. 
b) Trigonal pyramidal. 
c) Trigonal bipyramidal. 
d) Trigonal planar. 
e) Bent. 

Given the generic structure of XY2 and knowing that it additionally has two lone pairs of electrons, we 
know that the structure has four regions of electron density. Because the question is asking for 
molecular geometry, we must consider lone pairs. A molecular structure that has four regions of 
electron density with two of them being lone pairs is known to be bent. 

Draw the Lewis structures for the three molecules below to answer questions x – x: 
I. SeF6 
II. SbCl4+ 
III. SO2 

 
15. Which structure(s) of the molecules above have molecular geometry that matches the 

molecule’s electron geometry? 
a) I only. 
b) II only. 
c) III only. 
d) I and II. 
e) I and III.  

 
The first step in solving this problem is drawing out the Lewis structures for each of the three molecules: 
 

 
 
For molecule I, we can see that the electron geometry is octahedral, and that the molecular geometry is 
also octahedral, meaning I is a correct choice. 
 
For molecule II, we can see that the electron geometry is tetrahedral, and that the molecular geometry 
is also tetrahedral, meaning II is a correct choice. 
 
For molecule III, we can see that the electron geometry is trigonal planar, and that the molecular 
geometry is bent, meaning III is not a correct choice. 
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16. Which of the molecule(s) have valid resonance forms? 
a) I only. 
b) II only. 
c) III only. 
d) I and II. 
e) II and III. 

 
Based on the Lewis structures we have drawn in the previous problem, the only molecule that has 
resonance is III. 

 
 

17. Which of the molecule(s) would be considered polar? 
a) I only. 
b) II only. 
c) III only. 
d) I and II. 
e) II and III. 

 
Based on the Lewis structures we have drawn in the previous problem, we need to analyze the 
molecular geometry of each: 
 
I has a molecular geometry that is octahedral and surrounded by identical atoms, meaning it is non-
polar. 
 
II has a molecular geometry that is tetrahedral and surrounded by identical atoms, meaning it is non-
polar. 
 
III has a molecular geometry that is bent, meaning that it is polar. 
 

18. A list of molecules is provided below. Choose any of the molecules that violates the octet rule.  
I. BF3 
II. POF3 
III. SF4 
IV. XeF4 

 
a) I only. 
b) I and II. 
c) I and IV. 
d) I, II, and IV. 
e) I, II, III, and IV. 

 
Drawing out the Lewis structures for each of these molecules will show that they are all violations of the 
octet rule. 
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19. Five molecular shapes are provided below. Which of the molecular shapes is associated with 
always being polar? Select all that apply. 
a) Trigonal pyramidal. 
b) Trigonal planar. 
c) Square planar. 
d) Trigonal bipyramidal. 
e) T-shaped. 

 
Memorize the chart provided to you in the exam review or workshop. 

20. When using VSEPR Theory to count electron domains present, what is included? Select all that 
apply. 
a) Single covalent bonds. 
b) Double covalent bonds. 
c) Triple covalent bonds. 
d) Electrons that serve as nonbonding pairs. 
e) Core electrons. 

 
All the above are considered in counting electron domains EXCEPT for core electrons. 
 

21. Which of the following statements is true regarding VSEPR Theory? 
a) VSEPR Theory can be used to predict polarity. 
b) VSEPR Theory gives us no information in estimating bond angles. 
c) VSEPR Theory says that electron pairs do not repel each other. 
d) VSEPR Theory can be used to predict electronegativities. 
e) Both A and D. 

VESPR Theory CAN be used to predict polarity of a molecule but gives us no information about 
electronegativities. 
 
VESPR Theory DOES give us information about bond angles and says that electron pairs DO repel each 
other. 
 

22. Carbon dioxide is a simple molecule discussed in both general chemistry and organic chemistry. 
Which of the following statements is/are true regarding bonding in this molecule? Select all that 
apply. 
a) The molecular and electronic geometry for this molecule is the same. 
b) Both C-O bonds in the molecule are the same length. 
c) The molecule is sp2 hybridized.  
d) The carbon s and p orbitals combine to form one sp orbital and three p orbitals. 
e) The molecule is polar. 
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For option a, the electronic geometry and molecular geometry are both linear. 
 
For option b, both C-O bonds are double bonds, so they are the same length. 
 
For option c, the molecule is sp hybridized, NOT sp2 hybridized. 
 
For option d, the s and p orbitals combine to form TWO sp orbitals and TWO unhybridized p orbitals. 
 
For option e, CO2 is nonpolar. 
You have gathered some data in your general chemistry lab regarding some bond energies associated 
with various bonds. The data you obtained is provided below. Use this data to answer questions x & x: 
 

Bond Bond Energy 
C-C 348 kJ/mol 
C-H 415 kJ/mol 
C=O 805 kJ/mol 
O-H 463 kJ/mol 
C-O 360 kJ/mol 

 
23. Estimate the heat of reaction at 298K for the reaction shown below: 

 
CH3OH + CH3COOH à CH3COOCH3 + H2O 

 
a) 0 kJ/mol. 
b) 464 kJ/mol. 
c) 824 kJ/mol. 
d) 1288 kJ/mol. 
e) 2576 kJ/mol.  

 
 
 
 
 
+            +  à          
   

 
 
 
 
You need to be comfortable drawing structures to get questions like this correct! Also remember that 
bond energy questions are one of the rare cases where your do [Reactants – Products]: 
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CH3OH = (3 x 415) + 360 + 463 = 2068 
CH3COOH = (3 x 415) + 348 + 805 + 360 + 463 = 3221 
CH3COOCH3 = (3 x 415) + 348 + 805 + (2 x 360) + (3 x 415) = 4363 
H2O = (2 x 463) = 926 
[Reactants – Products] à [(2068 + 3221) – (4363 + 926)] = 0 kJ/mol. 
 
Hint: While you could go the long way and do the math behind the problem, you could also look at 
bonds formed vs bonds broken. If you look at all the structures of products and reactants, the same two 
bonds are broken and formed in the reaction, meaning that the change must be 0 kJ/mol.  
 

24. Of the bonds provided, which bond is the longest? 
a) The C-C bond. 
b) The C-H bond. 
c) The C=O bond. 
d) The O-H bond.  
e) The C-O bond. 

 
The longest bond corresponds to the bond that is the weakest or has the least amount of bond energy. 
This corresponds to the C-C bond. 
 

25. A reaction involving the reactions of some generic gas molecules is provided below. The reaction 
is known to be highly endothermic. Using this information, determine which of the below 
statements must be true. 
 

X2 + Y2à X2Y2 
 
a) The bonds present in the reactants and the bonds present in the products are equally 

strong. 
b) The bonds present in the reactants are stronger than the bonds present in the products. 
c) The bonds present in the products are stronger than the bonds present in the reactants. 
d) There must have been an error in the calculations, this reaction should have endothermic. 
e) Additional information is needed to make any conclusions. 

 
We know that bond energy is calculated by the bonds present in the reactants subtracted from the 
bonds present in the products. If the reaction is observed to be endothermic (positive) that means that 
the bonds in the reactants had to be stronger than the bonds in the products. 
 

26. You are exploring some unknown carbon compound and determine that the central carbon has 
tetrahedral molecular geometry. Given this information, what is the hybridization of this carbon 
atom? 
a) sp. 
b) sp2. 
c) sp3. 
d) sp3d. 
e) Need additional information to determine hybridization. 

 
Given that the molecule has tetrahedral geometry, you know that the molecule will have four regions of 
electron density. Having four regions of electron density is indicative of being sp3 hybridized. 
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27. Given the following statements, which is/are true about triple bonds? 
I. They are stronger and shorter than double or single bonds. 
II. They consist of one σ bond and two π bonds. 
III. They consist of two pairs of shared electrons. 
 

a) I only. 
b) II only. 
c) III only. 
d) I and II. 
e) I, II, and III. 

 
Understand that triple bonds are shorter and stronger than double bonds and that double bonds are 
stronger and shorter than single bonds. Triple bonds consist of one sigma bond and two pi bonds. 
Finally, triple bonds consist of three pairs of shared electrons, not two. 
 

28. In a research lab, scientists are attempting to synthesize the molecule below: 
 

 
How many sigma bonds are present in this molecule? How many pi bonds are present in this 
molecule? 
a) There are 15 sigma bonds and 18 pi bonds. 
b) There are 15 sigma bonds and 19 pi bonds. 
c) There are 15 sigma bonds and 4 pi bonds. 
d) There are 19 sigma bonds and 3 pi bonds. 
e) There are 19 sigma bonds and 4 pi bonds. 

 
We know that every type of bond contains one sigma bond, so If we count the number of bonds present 
in this molecule, we will find that there are 15 total bonds. In terms of pi bonds, we know that single 
bonds do not contain any, double bonds contain one, and triple bonds contain two. We can see in the 
molecule that there are two double bonds and one triple bond, meaning that there are 4 pi bonds total 
in the molecule. 
 

29. Which orbitals overlap when forming the bond in HI, according to valence bond theory? 
a) 1s in hydrogen and 5s in iodine. 
b) 1s in hydrogen and 4p in iodine. 
c) 1s in hydrogen and 5p in iodine. 
d) 2s in hydrogen and 4p in iodine. 
e) 2s in hydrogen and 5p in iodine. 

 
When looking at the electron configuration of hydrogen, we see that it has unfilled electrons in the 1s 
orbital and when looking at iodine, we see it has unfilled electrons in the 5p. According to valence bond 
theory, these unfilled orbitals will form the hybrid orbitals. 
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30. Which of the following correctly depicts an s orbital? A p orbital? A hybrid orbital? 
 
 

 
 

 
                   I.                                                  II.                                III.                            IV. 
 

            s orbital?                       p orbital?                           hybrid orbital? 
 

a)                 II.                                     IV.                                           I. 
b)                III.                                     IV.                                           I. 
c)                III.                                     IV.                                          II. 
d)                III.                                     II.                                            I. 
e)                IV.                                     II.                                            II. 

 
 
You must still know the orbital shapes discussed in chapter 3 as well as applying this information to 
hybrid orbitals introduced in chapter 5. We know s orbitals look like spheres and p orbitals look like 
dumbbells.  
 
The trickiest part of this question is determining whether I or II is the hybrid orbital. Option I is two 
hybrid orbitals OVERLAPPING, where as II is just a hybrid orbital by itself, making it the correct choice.   
 

31. In which hybridizations would you expect to see at least one unhybridized p orbital? Select all 
that apply. 
a) sp 
b) sp2 
c) sp3 
d) sp3d 
e) sp3d2 

 
sp has two unhybridized p orbitals and sp2 has one unhybridized p orbital. Once you get to sp3 
hybridization on, all the p orbitals will be hybridized. 
 

32. A generic molecule has a central atom that is known to be sp3 hybridized, but two of the regions 
of electron density are known to be lone pairs of electrons. What are the bond angles in this 
generic molecule? 
a) Exactly 109.5°. 
b) Less than 109.5°. 
c) Exactly 180°. 
d) Somewhere between 109.5° and 180°. 
e) Not enough information is provided to answer the question. 

 
You know that sp3 hybridization corresponds to four regions of electron density. If all four of those 
regions were used to make bonds, we know all the bond angles in the molecule would be 109.5°, but 
since we have lone pairs present the bond angle will be less than the expected 109.5°. 
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33. Use valence bond theory to determine the sigma and pi bonds present in the following 
molecule: 

 
a) A B D and E represent sigma bonds; C represents a pi bond. 
b) A B D and E represent pi bonds; C represents a sigma bond. 
c) A B C D and E represent pi bonds. 
d) A B C D and E represent sigma bonds. 
e) None of the above statements are correct. 

 
A B D and E represent pi bonds and C represents a sigma bond. 
 

34. Draw the Lewis structure for BrF5 and determine the molecule’s hybridization, shape, and 
polarity. 
      Molecular Hybridization           Molecular Shape            Polar? 
a)                sp3                                      Octahedral                    No 
b)                sp3d2                               Square pyramidal            Yes 
c)                sp3                                  Square pyramidal             No 
d)                sp3d2                                   Octahedral                    Yes 
e)                sp3d                                Square pyramidal             Yes 

 
The molecule has six regions of electron density, so the hybridization of the molecule must be sp3d2. The 
electron geometry of the molecule is octahedral, but the molecular geometry (shape) is square 
pyramidal. We know that square pyramidal molecules are ALWAYS polar. 
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