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Introduction:  

The symmetry of molecules governs a variety of their properties, including fundamentally the 
molecular orbitals.  Understanding and being able to identify the symmetry of molecules is therefore a 
critical skill for chemists.

There are five types of symmetry elements:

1. Identity (E)

2. Proper rotational axis (Cn)

3. Inversion center (i)

4. Plane of symmetry (σ)

5. Improper rotation axis (Sn)

The number and type of symmetry elements an object (including molecules) has defines its point 
group, which in turn is simply a statement of the symmetry possessed by anything that fits within that 
point group.  There are a total of 32 point groups, which fully describe all the symmetry of any object.  

In the pursuit of assigning an object to a space group, it is useful to follow a flow chart.  Depending 
on the order in which various questions are asked, several different but related flow charts can be 
constructed.  An an inorganic chemistry student, you must select a flow chart, practice its use, and 
commit it to memory in order to become proficient at rapidly determining the symmetry of a molecule.

Molecules (and various objects) are three-dimensional, though chemists frequently must represent 
them in two dimensions.  The symmetry elements manipulate molecules in three dimensions, which 
can be challenging to visualize for the untrained student.  With practice, however, good chemists 
develop a 3-D imagination.

In this Learning Lab, you will use a computer software package to help you visualize the symmetry 
elements of molecules in 3-D and to practice using a flow chart to assign point groups to objects.

Safety Considerations: 

• No chemicals will be used in this lab, so the safety precautions are minimal.

• Be careful with the computers!

Equipment

• Computers and bootable USB drives to run the Linux operating system and necessary software.  

• Note:  you may bring your own PC computer.  If you have a Windows operating system prior to 
Windows 7, you can run the software directly on your computer.  Otherwise, you will be 
provided a USB drive to boot Linux.

• If you own a molecular modeling kit, feel free to bring it to lab.
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Procedure and Analysis (Lab Notebook)  

A. Run "Symmetry and Point Groups" software

• The programs you will be using run on Linux or on a Windows computer with a version prior to  
Windows 7.  You will be provided with a bootable USB drive that can be used to run Linux and 
the programs on just about any 32-bit PC computer.  You may use your own computer or those 
provided in lab. 

• You may work with a lab partner or, if computers are available, individually

 1. If you have your own computer, and it runs Windows prior to Windows 7:

 a) Log in to Moodle and go to the Inorganic Chemistry course site

 b) Download "Symmetry and Point Groups Software."  This will download a .zip file.

 c) In the directory where you saved the .zip file, right click on the .zip file and choose "Extract 
All."

 d) Navigate into the newly saved directory and run "Symmetry and Point Groups".

 2. If you are using a lab computer or your own computer with Windows 7 or greater, you will boot 
into the Linux operating system.  (Note: These instructions are for the Dell laptops you will be 
provided in lab.  If you are using your own computer, follow the instructors on your computer's 
screen to get to the Boot Menu and boot from the USB drive).

 a) BEFORE turning the computer on, insert the USB drive into a USB port on the computer.

 b) Turn on the computer and pay close attention.  An initial splash screen with the Dell logo 
will appear.  Immediately strike the F12 key a few times to load the Boot Menu.  If you are 
not fast enough, Windows 7 will boot.  Allow it to boot fully, then shutdown and try again.

 c) Chose "USB Storage Device."

 d) Another boot menu will appear.  Chose the first entry "Ubuntu" or just wait a few seconds 
and it will be chosen automatically.

 e) Login to the PSU Student account with password "PSUchemistry"

 f) Run "Symmetry and Point Groups."  This may be done using the icon on the application 
menu at the bottom of the screen, or by navigating into the directory 
"SymmtryPointGroups" that appears on the desktop and clicking "Symmetry and Point 
Groups.exe"

B. Introduction to Symmetry Operations

 1. From the Main Menu, choose "Introduction to Symmetry Operations"

 2. For each symmetry operation in turn, make a sketch of the molecule and what happens to it 
when subjected to the operation.  Note: it may take 10-20 seconds for the video to show after 
you hit "play."  These videos have sound, though it may not be necessary to hear it to 
understand the symmetry operations. 
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C. Symmetry Elements within Molecules

 1. From the Main Menu and select "Symmetry Elements within Molecules."

 2. For the each of the molecules below, go through the all symmetry elements present in the 
molecule.  Make individual sketches of the molecule with each symmetry element.  Note: some 
of the symmetry elements have more than one of that element.  If this is true, you will see scroll 
bar appear to the right of the molecule name to allow you to scroll through all the elements.  
For example, water has 2 σv's.  

 a) C6H6 (benzene)

 b) C6H12 (cyclohexane, chair)

 c) CHCl3

 d) [MnCl6]4-

 3. Choose one other molecule, view its symmetry elements, and sketch them in your notebook.

 4. You may wish to look at the symmetry elements of the other molecules as well!

D. Identifying Symmetry Elements within Molecules

 1. Hit the "Next" button, or return to the Main Menu and select "Identifying Symmetry Elements 
within Molecules."

 2. For each of the molecules below, make a 3-D sketch of the molecule, find all the symmetry 
elements present, and record those symmetry elements in your notebook next to the sketch (you 
may want to put this in the form of a table).

 a) NH3

 b) CCl4

 c) SCl4

 d) C6H12 (boat)

 e) cis-C2H2Cl2

 f) H3BO3

 g) 1,6-benzodiazine

 h) CO2 

E. Determining Point Groups

 1. Hit the "Next" button, or return to the Main Menu and select "Determining Point Groups."

 2. Sketch the flow chart shown by the program in your notebook.

 3. For the molecules below, determine the point group.  Record your findings in your notebook:

 a) H2O

 b) SCl4

 c) Pt(CN)4
2-

 d) trans-C2H2Cl2

 e) Ru(C5H5)2

 f) ClF3

 g) PClF4 (axial)

 h) B2H6

 4. Choose 2 other molecules and analyze as in Step 3.

Critical thinking and analysis questions

1. Make a table collecting together molecules that are in the same symmetry group.  Comment on 
whether these molecules have the same molecular geometry (e.g., bent, trigonal planar)

2. Devise a list of questions that can serve as a text-based version of the flow chart.

3. List one point group that did not have a representative molecule in the lab.  Propose a molecule 
that would fit in this point group.

Additional Resources

For extra practice on symmetry of molecules, check out the following:

• http://symmetry.otterbein.edu/index.html
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