
 

A Chemistry Runway: Introduction to Molecular Modeling 
 
Pre-lab Assignment: 

Reading:  
1. Chapter sections 8.3, 8.4, 8.5, 8.6, and 8.8 in your course text. 
2. This lab handout. 
Questions:  
1. Draw Lewis structures for water, ammonia, methane, chloromethane, and nitrate ion. 
2. Rank the following compounds according to increasing dipole moments. 

HF, HBr, HI, and HCl 
Introduction:  

The ability to build structures and calculate energies of compounds quickly and accurately is 
a useful skill that can provide valuable insights into many important aspects of chemistry. With 
the recent advances in computer technology and theoretical methods, it is now possible to carry 
out quite sophisticated calculations even on molecules that are very large. This week, you will 
learn the rudiments of molecular modeling. 

The computational program known as GaussView is a popular and easy-to-learn software that 
will be used throughout this lab to build molecules, submit calculations, and analyze results. The 
actual calculations themselves will be performed with a different software program called 
Gaussian. Instructions for using GaussView and Gaussian will be provided in the lab. 

Once you become comfortable with the program, you can do many kinds of interesting 
modeling experiments. Furthermore, the structures and shapes of molecules, which may not be 
always obvious from our usual two-dimensional drawings, suddenly come to life on the computer 
screen. These models can be then viewed and probed in a variety of ways to gain a better 
understanding of the compounds that they represent. 

Given below are a set of exercises that will not only help you learn the program, but also let 
you examine molecules in the context of what has been covered in class so far. Although you are 
only required to complete these exercises, you are invited, indeed encouraged, to branch out on 
your own and explore other compounds of your choice. Feel free to let your imagination run wild 
and make up all kinds of molecules even if they seem really crazy or silly. See how stable the 
compounds you made up are and how they look on the computer screen in three dimensions. 
Challenge your partner to see if he/she can come up with something even weirder than yours. 

 
Exercises: (Please work with a partner. Part V should be done when you are called.)  
Part I: Diatomic molecules  

• Build H2, HF, HCl, HBr, HI, and Cl2. Optimize the geometry at the default HF/3-21G level. 
Record the energy, bond length, charge distribution, and dipole moment of each molecule 
in your notebook. 

• Using the equation given in your text (page 312), verify that the charge distribution 
corresponds to the dipole moment for any ONE of the hydrogen halides (HF, HCl, or HI). 
Be sure to use the correct bond length in that equation. 

Part II: Structures of simple molecules 
• Build and optimize water, ammonia, carbon dioxide, methane, and chloromethane. Record 

the energy, and all unique bond lengths, bond angles, and dipole moments for these 
molecules in your notebook. 

• In your notebook, record the shapes of water, carbon dioxide, and methane. 



 

Part III: Resonance structures 
• Build and optimize the nitrate ion. Record its energy, bond lengths, bond angles, and 

dipole moment in your note book. 
• In your notebook, assign formal charges to all atoms in this ion and show your 

calculation. 
Part IV: Reaction energies 

Using the energies above for methane, chlorine, hydrogen chloride, and chloromethane 
calculate the energy change accompanying the following reaction. You may use the procedure on 
pages 327 and 328 in your text. 

 
Part V: Mass appeal 

• Identify your two unknown compounds using the gas chromatograph-mass 
spectrometer (GC/MS). Print the GC-MS data and attach in your notebook.  

• Draw the structures of both molecules in ChemBioDraw and include their molecular 
formulas and mass data generated by the program. (One per partner.) 

 
What should be in your laboratory notebook? 

1. Title for the experiment, names of all partners, and date. 
2. All parameters required in each part. 
3. The calculation for dipole moment in Part I. 
4. Shapes of water, carbon dioxide and methane in Part II. 
5. The calculation for formal charge in Part III. 
6. The calculation for reaction energy in Part IV. 
7. GC/MS data from Part V. 

 
What should be in your laboratory report? Please submit a joint report not exceeding one page. 

• A title for the experiment, names of all authors, lab section, and date. 
• Include ChemBioDraw structures of your molecule from Part V along with the molecular 

formulas and mass data generated by the program. 
• One partner should answer the following questions. Show name of author. 

o How does water compare to ammonia with respect to bond angles and dipole 
moments? 

o What do you notice about the bond lengths in the nitrate ion and why is that 
observation significant in terms of chemical bonding? 

• The other partner should answer the following questions. Show name of author. 
o How does methane compare to chloromethane with respect to bond angles and 

dipole moments? 
o Is the chlorination of methane exothermic or endothermic? How could that be 

explained in terms of chemical bonding? 

CH4  +   Cl2 CH3Cl   +   HCl


