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Question 6 
(9 points) 

 
Answer the following questions using principles of molecular structure and intermolecular forces. 

 

Compound 
Empirical 
Formula 

Solubility 
in Water 

Boiling Point 
(C) 

1 C2H6O Slightly soluble 24 

2 C2H6O Soluble 78 

 
Compounds 1 and 2 in the data table above have the same empirical formula, but they have different physical 
properties. 
 

(a) The skeletal structure for one of the two compounds is shown below in Box X. 
 

 (i) Complete the Lewis electron-dot diagram of the molecule in Box X. Include any lone (nonbonding)  
pairs of electrons. 

 

 
 

1 point is earned for a correct Lewis diagram. 

 

 
 (ii) In Box Y below, draw the complete Lewis electron-dot diagram for the other compound, which is a 

structural isomer of the compound represented in Box X. Include any lone (nonbonding) pairs of 
electrons. 

 

 
 

1 point is earned for a correct Lewis diagram. 



AP® CHEMISTRY 
2013 SCORING GUIDELINES 

 

© 2013 The College Board. 
Visit the College Board on the Web: www.collegeboard.org. 

Question 6 (continued) 
 

(b) On the basis of the complete Lewis electron-dot diagrams you drew in part (a) and the information in the data 
table above, identify which compound, 1 or 2, has the structure represented in Box X. Justify your answer in 
terms of the intermolecular forces present in each compound.

 
 

Compound 2 is in Box X. Compound 2 (X) would have 
intermolecular hydrogen bonding. Compound 1 (Y) would 
have weaker dipole-dipole and London dispersion forces 
(LDFs). Because compound 2 has stronger intermolecular 
forces (IMFs) it has a higher boiling point. Also, compound 2 
is capable of forming more hydrogen bonds with H2O than 
compound 1 is, causing the solubility difference noted in the 
table. 

2 points are earned for identification of 
compound 2 and a rationale that 

references the types of IMFs in each 
compound while explaining relative 

boiling points and/or solubilities. 

 
Use the information in the following table to answer parts (c) and (d).

 

Name 
Lewis Electron-Dot 

Diagram 

Boiling Point 
(C) 

Vapor Pressure at 20C 
(mm Hg) 

Dichloromethane 39.6 353 

Carbon tetrachloride 76.7 89 

 
(c) Dichloromethane has a greater solubility in water than carbon tetrachloride has. Account for this observation 

in terms of the intermolecular forces between each of the solutes and water. 
 

 CH2Cl2 is polar, whereas CCl4 is not. Therefore, CH2Cl2 
interacts with H2O via dipole-dipole forces, while CCl4 only 
interacts with water via dipole/induced dipole forces or LDFs, 
which would be weaker. As a result, CH2Cl2 has a greater 
solubility. 

2 points are earned for a rationale that 
references the types of IMFs between 

each compound and water. 

 
 (d) In terms of intermolecular forces, explain why dichloromethane has a higher vapor pressure than carbon 

tetrachloride. 
 

 Because CH2Cl2 has the higher vapor pressure, the 
combination of LDFs and dipole-dipole forces in CH2Cl2 

must be weaker than the strong LDFs in CCl4.  

2 points are earned (1 point for 
referencing the type(s) of IMFs in  

each of the two compounds). 
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Question 6 (continued) 
 

(e) The complete Lewis electron dot diagram of methanal (formaldehyde) is shown in the box below. Molecules 
of methanal can form hydrogen bonds with water. In the box below, draw a water molecule in a correct 
orientation to illustrate a hydrogen bond between a molecule of water and the molecule of methanal. Use a 
dashed line to represent the hydrogen bond. 
 

 
 

See diagram above. 
1 point is earned for a correct diagram. 
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Question 6 
 
Overview 
 
This question provided students with data to draw Lewis electron-dot diagrams and to use the concept of 
intermolecular forces to explain observations about solubility and vapor pressure. Part (a)(i) asked students 
to complete a Lewis electron-dot diagram, including any lone (non-bonding) pairs of electrons when given 
an array of atoms arranged to represent ethanol. Part (a)(ii) assessed knowledge of structural isomers by 
asking students to draw a complete Lewis electron-dot diagram for the isomer of the compound drawn in 
part (a)(i). In part (b) students used the information in the data table to determine which of the two 
compounds was represented by the Lewis electron-dot structure in part (a)(i), justifying answers in terms 
of the intermolecular forces present in each compound. Part (c) asked students to examine the Lewis 
electron-dot diagrams of dichloromethane and carbon tetrachloride and to use intermolecular forces to 
explain why dichloromethane is more soluble than carbon tetrachloride. In part (d) students explained why 
dichloromethane has a higher vapor pressure than carbon tetrachloride in terms of intermolecular forces. 
Part (e) asked students to draw a correctly oriented water molecule to illustrate a hydrogen bond formed 
between a molecule of water and a molecule of methanal. 
 
Sample: 6A 
Score: 9 
 
This response earned 9 points. Part (a) earned 2 points for correct structures. Lone pairs of electrons 
represented by line segments were accepted. Part (b) earned 2 points for correct identification of compound 
2 as the structure represented in Box X and a correct description of all three of the intermolecular forces 
that exist between particles of ethanol and by implication, between particles of the ether. Also, the forces 
are correctly related to the data in the table. Part (c) earned 2 points for a correct description of both types 
of intermolecular forces that exist between particles of dichloromethane and the London dispersion forces 
(LDFs) that exist between particles of carbon tetrachloride. Additionally there is a correct relationship 
drawn between these forces and the relative solubility of the compounds in water. Part (d) earned 2 points 
for a correct description of both of the intermolecular forces that exist between particles of 
dichloromethane and the LDFs that exist between molecules of carbon tetrachloride. Finally, the forces are 
correctly connected to the relative vapor pressures of the substances. Part (e) earned 1 point for a correct 
representation of a hydrogen bond between methanal and water.  
 
Sample: 6B 
Score: 7 
 
This response earned 7 points. Two points were earned in part (a). In part (b) the specific intermolecular 
forces for compound 1 in Box Y are not discussed, so only 1 of the 2 possible points was earned. Two points 
were earned in part (c). In part (d) 2 points were earned for a good comparison of the significant 
intermolecular force (LDF) responsible for the vapor pressure difference listed in the data table. No point was 
earned in part (e) as the depiction of a hydrogen bond is not correct.  
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Question 6 (continued) 
 
Sample: 6C 
Score: 5 
 
This response earned 5 points. In part (a) 2 points were earned. Neither point was earned in part (b) 
because there is no mention of hydrogen bonds either between the molecules of compound 2 or between 
the molecules of either compound and water. Additionally, there is no mention of the dipole-dipole forces 
that exist between molecules of compound 1. Two points were earned in part (c). Part (d) earned only 1 of 2 
possible points due to the incorrect statement that stronger intermolecular forces lead to a high vapor 
pressure. No point was earned in part (e) because both the depictions of water molecules and hydrogen 
bonds are incorrect. 
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