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NAME: __________________________________________SECTION #: ______________ 
Chemistry 111 EXAM 3-Fall 2013    11/20/2013/12:00PM/Odago 
 
Fill in your A# numbers correctly on the scantrons. Attempt all the questions and fill in the bubbles using 
pencils with your answers.  

1. The change in energy for which of the following processes corresponds to the second ionization 
energy of calcium? 

a) Ca(g) → Ca+(g) + e– 
b) Ca(g) + e– → Ca–(g) 
c) Ca+(g) → Ca2+(g) + e– 
d) Ca–(g) → Ca(g) + e– 
e) Ca(g) → Ca2+(g) + 2e– 

2. An atom of which of the following elements has the largest first ionization energy? 
a) N 
b) Bi 
c) P 
d) Sb 
e) As 

3. The change in energy for which of the following processes corresponds to the electron affinity of 
iodine? 

a) I(g) + e– → I–(g) 
b) I2(g) → 2I(g) 
c) I(g) → I+(g) + e– 
d) I–(g) → I(g) + e– 
e) I+(g) + I–(g) → I2(s) 

4. All of the following have ground-state noble-gas electron configurations except 
a) Cl– 
b) N3– 
c) Mg2+ 
d) P3+ 
e) Ar 

5. The ground-state electron configuration of the Mg 2+ ion is 
a) 1s22s22p6 
b) 1s22s22p63s2 
c) 1s22s22p63s23p2 
d) 1s22s22p3 
e) 1s22s22p1 

6. Which set of ions are isoelectronic in their ground-state electron configurations? 
a) Na+, K+, Rb+, Cs+ 
b) Mg2+, Ca2+, Sr2+, Ba2+ 
c) N, O, F, Ne 
d) F–, Cl–, Br–, I– 
e) N3–, O2–, Mg2+, Al3+ 

 

7. Rank the following ions in order of decreasing ionic radius: S2–, O2–, F–, Na+, Mg2+. 
a) S2–, O2–, F–, Na+, Mg2+ 
b) O2–, F–, Na+, Mg2+, S2– 
c) Mg2+, Na+, F–, O2–, S2– 
d) Mg2+, S2–, Na+, F–, O2– 
e) O2–, S2–, F–, Na+, Mg2+ 
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8. Which of the following atoms is the most electronegative? 
a) B 
b) Na 
c) N 
d) Cs 
e) Al 

9. The Lewis formula for phosphine, PH3, has 
a) four bonding pairs. 
b) two bonding pairs and two lone pairs. 
c) three bonding pairs and one lone pair. 
d) one bonding pair and three lone pairs. 
e) four lone pairs. 

10. What is the total number of valence electrons in the monohydrogen phosphate ion, HPO4
2–? 

a) 28 
b) 30 
c) 32 
d) 34 
e) 36 

11. In the Lewis formula for ClF3, how many lone pairs are around the central atom? 
a) 0 
b) 1 
c) 2 
d) 3 
e) 4 

12. The approximate C-C-O angle in acetone, , is 
a) 60° 
b) 90° 
c) 109° 
d) 120° 
e) 180° 

13. What is the predicted H—N—H bond angle in the ammonium ion (NH4
+)? 

a) 180° 
b) 120° 
c) 90° 
d) 109.5° 
e) 45° 

14. What is the H—O—H bond angle in water? 
a) 180° 
b) 120° 
c) 90° 
d) 109° 
e) Slightly less than 109° 

 

15. In the ICI4
– ion, how many electron groups surround the central iodine atom? 

a) 2 
b) 3 
c) 4 
d) 5 
e) 6 
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16. What is the molecular geometry of the ICl4
– ion? 

a) square planar 
b) tetrahedral 
c) octahedral 
d) rectangular 
e) pentagonal 

17. Which of the following molecules is nonpolar? 

a)  

b)  

c)  

d)  

e)    
 

18. When a carbon atom has sp3 hybridization, it has 
a) four π bonds 
b) three π bonds and one σ bond 
c) two π bonds and two σ bonds 
d) one π bond and three σ bonds 
e) four σ bonds 

 

19. What is the hybridization of I in IF4
–? 

a) sp 
b) sp2 
c) sp3d 
d) sp3 
e) sp3d2 

20. According to valence-bond theory, the bonding in ketene, H2C=C=O, is best described as 
a) five σ bonds 
b) four σ bonds and two π bonds 
c) five π bonds 
d) four σ bonds and one π bond 
e) three σ bonds and two π bonds  
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21. Which of the following molecules contains an sp3-hybridized carbon atom? 

a)  

b)  

c)  

d)  
e)  

 

22. Which of these statements about benzene is true? 
a) All carbon atoms in benzene are sp3 hybridized 
b) Benzene contains only π bonds between C atoms 
c) The bond order of each C—C bond in benzene is 1.5 
d) Benzene is an example of a molecule that displays ionic bonding 
e) All of these statements are false 

 
 

23. Three possible structures of C2H2Cl2 are shown below. Which of these molecules are polar? 
 

(1) (2) (3)

C C
Cl

Cl H

H
CC

Cl

H

H

Cl
CC

H

Cl

H

Cl

 
 
a) 1 only  
b) 2 only  
c) 3 only  
d) 1 and 3  
e) 2 and 3 
 

24. Which of the following statements is incorrect regarding the water molecule? 
a) The molecule is polar 
b) The hybridization of oxygen is sp3 
c) There are two lone pairs and two bonding pairs on the central atom 
d) The molecular geometry is bent 
e) The hybridization of hydrogen is sp 
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25. Acetaminophen is the active compound in many over-the counter pain relieving medications such 
as Tylenol. Use the structure of acetaminophen shown below to answer the following questions 
(24 & 25). What is the hybridization, number of lone pair(s) of electron(s), and molecular 
geometry around the N-atom? (Non-bonding electron pairs are not indicated, but you should 
consider them) 

 
a) sp2 hybridized, no lone pair, trigonal planar 
b) sp3 hybridized, no lone pair, trigonal pyramidal 
c) sp3 hybridized, one lone pair, trigonal pyramidal 
d) sp2 hybridized, one lone pair, trigonal planar 
e) sp3 hybridized, one lone pair, tetrahedral 

 
26. What is the hybridization of the oxygen that is doubly bonded to carbon in acetaminophen (refer 

to the structure given above)? 
a) sp 
b) sp2 
c) sp3 
d) sp3d 
e) sp3d2 

 
27. Vinyl chloride is used greatly as monomers in the synthesis of polyvinyl chloride (PVC). Using 

the structure of vinyl chloride below. Answer the following questions. 
 

 
Which orbitals overlap to form the sigma bond between the two carbon atoms? 

a) sp3 and sp3 
b) sp2 and sp 
c) sp2 and 1s 
d) sp2 and sp2 
e) sp and sp 

 
28. Which orbitals form the pi-bond between the two carbon atoms? 

a) sp2 and 2p 
b) 2pz and 2pz 
c) 2px and sp2 
d) 2px and 2py 
e) sp2 and 2px 

 
29. Which of the following bonds would be the strongest? 

a) C-Br 
b) C-F 
c) C-Cl 
d) C-I 
e) C-As 
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30. Coumadin is a commonly used blood thinner, which is taken by patients to avoid blood clots.  
How many pi-bonds are in the structure of Coumadin? 

 
 
 

a) 7 
b) 18 
c) 9 
d) 3 
e) 6 

 
 

_____________________________________________________________________________________ 
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