
CHMY 171 

Lab 4 

Molecular Geometry and Polarity
Introduction 
One of the most important concepts in General Chemistry is molecular geometry and polarity.  Molecular geometry refers to the shape made by the nuclei of a molecule.  For example, an atom has a linear geometry when a straight line can be drawn between all of the nuclei that are covalently bonded to it.  Conversely, an atom has a bent (or angular) geometry when the atom has only two other atoms bonded to it, and any angle other than 180° is drawn between the two nuclei that are covalently bonded to it.  A polar molecule is one that has a dipole moment, which results when the electrons in the molecule are pulled more toward one end of the molecule than the other.  The end of the molecule to which the electrons are pulled becomes somewhat negatively charged, and the other end, which has its electrons pulled away, becomes somewhat positively charged.  Thus, a polar molecule is one that has oppositely charged ends.  A molecule can be nonpolar if the electrons are shared evenly, it can be slightly polar if there is a weak pull on the electrons, or it can be highly polar if there is a strong pull of the electrons toward one end.  Molecular polarity is directly related to the geometry of a molecule, and polarity can be used to predict a number of important physical and chemical properties such as solubility, boiling point, acidity, and others including important interactions between biomolecules.  In this lab, you must choose 15 molecules to examine.  You must choose 4 of the following molecules to analyze: CH4, CH2F2, CO2, CO, HClO, N2, BF3, NH3.  You must choose 5 of the following molecules to analyze: HClO4, H2SO3, H2SO4, HNO2, HNO3, H2CO3, C2H6O, C2H4O2, C2H7N, C6H6.  You must choose 6 of the following molecules to analyze: H2O2, O3, C2H2, C2H4, C2H6, HN3, N2H4, C2H3Cl, C2H5Cl.  Communicate with your lab partners to make sure that everyone in your lab group chooses the same formulas.  It is recommended that you analyze all of the molecules listed in each set above, but you only need to include 15 total in your lab report.  You must use the formulas you have chosen to draw as many possible Lewis structures as you can.  For some of the formulas, it will be possible to draw more than one reasonable Lewis Structure.  Molecules that are not identical but that share the same molecular formula are called isomers.  Be sure that you draw all reasonable isomers for each formula that you choose.  Once you have drawn Lewis Structures for each molecule, calculate formal charge for every atom in each molecule, predict the geometry for each atom in each molecule, identify molecules that have resonance, and predict whether the molecules are polar or nonpolar.  Draw an arrow to depict the direction of polarity in each polar molecule.  Use a model kit to make a model of each molecule.  It is recommended that you use the model kit in such a way that allows you to represent the lone pairs present.  Use the models you create to analyze both the molecular geometry and polarity for each molecule.  If the molecule has resonance, your model should represent one of the major resonance contributors.  Even though we know the true structure is the resonance hybrid, the model kit is not sophisticated enough to be used to make a reasonable representation of the resonance hybrid.  Take a digital photo of each model you make.  Place a paper under the model with a large arrow on it if the molecule is polar representing the direction of polarity, so that can be seen in the photo you take.  Include your photos in your lab report.   Finally, for each of the compounds you chose, list all of the intermolecular forces that exist between the molecules in a pure sample of the compound.  Read this entire handout before beginning, so you can develop the best plan of attack.  Because there are so many steps involved in the analysis, it is recommended that you consult with your instructor after each step to make sure you have not made any errors.  Check with your lab syllabus or instructor to determine when the final lab report is due.
Procedure 

1. Before coming to lab, use your text book, the lecture slides, the internet, the library, and your brain to investigate Lewis structures, formal charge, resonance, VESPR theory, dipole, and polarity.  We will be completing this lab over the course of 4 days (days 11, 12, 13, and 14 of the semester).  

2. On Day 11, you should follow the guidelines to draw as many reasonable Lewis structures as you can for the formulas you choose.  Lab group members should share their Lewis structured with one another.  Discuss any differences between your structures and your partners’ structures.  Ask your lab instructor to review your predictions before you leave for the day.  
3. Because the most reasonable Lewis structure is usually one with complete octets, limited formal charge, and often with resonance, on Day 12, you should analyze the formal charge of every atom in each Lewis structure and identify any structure that involves resonance to identify the most stable Lewis structure for each molecular formula.  Ask your lab instructor to review your analysis before you leave for the day.  

4. On Day 13, analyze the geometry about EACH central atom in the structure of each Lewis structure you drew.  The geometry is a property of an individual atom, not a property of the overall structure (each individual atom that is attached to at least two other atoms should have a geometry label).  Ask your lab instructor to review your analysis before you leave for the day.  

5. On Day 14, analyze the polarity of each of the structures you drew.  Make a model of each of your Lewis structures with the model kit.  To be sure they are correct, you may want to ask your instructor to check each model you make.  When you observe the various geometric shapes, try to keep a mental image of each for future reference in your mind.  Determine whether the molecule is polar or nonpolar. Although geometry must be determined by analyzing the connections to one central atom at a time, polarity is analyzed for the molecule as a whole.  If the molecule is polar, you must use an arrow to depict the direction of polarity.  For each formula you chose, you must also list all of the intermolecular forces that exist between the molecules in a pure sample of the compound.  
6. Don’t forget that the data and observations you record during lab must be recorded in your lab notebook including photos of your models that show the correct direction for the dipole of any polar molecule.  The instructor may check your lab notebook at any time.  Be aware that at room temperature, most structures readily rotate about single bonds.  Because molecules can often take on different conformations when single bonds are rotated in different directions, sometimes molecules will appear different even if they are identical.  Molecules are identical when they can be made to look identical by rotating bonds or flipping the molecule (like a pancake) in three dimensional space.  
7. Repeat step 2 for each of the other molecules you’ve chosen.

8. Discuss how certain you are in your geometries and polarity assignments and WHY you are certain or uncertain.  In addition, consider what you might have done differently if you were to repeat the including ideas to obtain more/better data.
9. Write your report using the lab report guidelines.  
