WebMo

WebMo is a computation tool that you will use throughout chemistry to construct molecules, calculate polarity, and discover intermolecular forces.  A three dimensional structure is created using a true 3-D editor, via Java technology. A computational engine is chosen, and job options are selected from dropdown menus. The job is submitted for computation, and the server runs the job. After the job is completed, the output file is parsed and results are presented as 3-D structures, animations, graphs, and tables on a webpage. 

To complete your WebMo assignment go to:

 http://webmo.ncsa.uiuc.edu
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Exploring Molecules Using WebMO

The purpose of this activity is to provide training in the use of WebMO and to investigate trends in molecular structure.

Exercise 1
Study of H-X-H Bond Angles

Building the Molecules

Structure of CH4
 * ___ Click “New Job”, then“Open Editor.”  A small window opens where you build molecules.

    ___ Click on the Periodic Table icon (5th down the left side).  Choose “C” by clicking on it.

    ___ Click once in the center of the workspace.  A gray carbon atom appears.

    ___ Choose Clean-Up > Comprehensive – Mechanics.  The computer will add hydrogens and 


clean up the geometry. (You should now have methane.)

1.  Experiment with the Rotate, Translate, and Zoom tools (Top 3 icons on left side).  Describe 

     the keyboard/ mouse operations of each button.  What is the effect of each button?

	Button
	Operation
	Effect

	Rotate
	
	

	Translate
	
	

	Zoom
	
	


    ___ Click the red “x” to close the editor window.  Methane now appears in the ‘Build 


Molecule” window.  This structure contains idealized bond lengths and angles. A more

accurate structure can be found by carrying out an energy minimization using molecular
mechanics, semiempirical methods, or ab initio calculations. To reduce the time required
for the 
calculations and to obtain reasonable results, the semi-empirical method PM3 will
be used. (This method is available in most molecular modeling programs).

     ___ Click the blue “continue” arrow in the lower right side of the Build Molecule window.

     ___ Choose “Mopac” as the computational engine.  Then click right “continue” arrow

     ___ In the “Configure Mopac Job Options” window type in/choose the following:

           **Job Name: CH4 PM3 Geom Opt (your initials)    Example: CH4 PM3 Geom Opt mjo 

   Calculation:  Geometry Optimization

   Theory:  PM3

   Charge:  0

   Multiplicity:  Singlet

    ___  Click on the blue “continue” arrow.  You should now see your job listed.


To kill or stop a job, you would click on the red “X” under Actions on the right side.

Click wait or refresh screen until you see that your job is “Complete” (under “Status”).

Investigating Molecule Properties

___ Click on the hyperlinked name (CH4 PM3 Geom Opt your initials) to open “View Job.”

___ Choose the Select arrow (4th icon down on left).

___ Click on one of the H atoms in the structure (the other atoms and bonds will “fade”).

___ Shift and Click the C atom (both atoms are now highlighted).

The bond length is displayed just below the molecule.  Record the value of the C-H bond 
length 
Methane :  
___________Å (1.091 Å literature).  Check the other C-H bond lengths.




___________Å
___________Å
___________Å

2.  Write a sentence that explains the data you found for bond length for methane.

___ Click on one of the H atoms, then Shift and click the C atom, followed by another H atom.  

The bond angle is displayed just below the molecule.  Record the value of the H-C-H bond 
angle 


Methane:   
___________° (109.4712 literature).  Check the other H-C-H bond angles.



___________°

___________°

___________°



___________°

___________°


3.  Write a sentence that explains the data you found for bond angle for methane.

Scroll down and review the information under Calculated Quantities.

When finished, click the Job Manager link under Actions (to the left of the molecule display).

To continue on to the next exercise, choose “New Job” > “Create New Job.”

Structure of NH3
Build NH3 using the above procedure (*).

Use Job Name H3N PM3 Geom Opt your initials, and perform the geometry optimization as before (PM3)(**).

Record the value of the N-H bond length

Ammonia:  
 __________Å(~0.999Å,1.012Å literature). ___________Å
___________Å

4.  Write a sentence that explains the data you found for bond lengths for ammonia.

Record the value of the H-N-H bond angles.

Ammonia:   
___________° (~107.8 °, 106.67 ° literature).




___________°

___________°

5.  Write a sentence that explains the data you found for bond angles for ammonia.

6.  Scroll down and review the information under Calculated Quantities.  Click on the 

     magnifying glass next to “Dipole Moment” and rotate the molecule to see the vector.  

    What is the significance of the vector?  How does the end of the molecule indicated by the 

     point of the vector differ from the other end of the molecule?

Return to Job manager, and choose New Job > Create New Job.

Structure of H2O

Build H2O using the above procedure.*

Use Job Name H2OPM3 your initials, and perform the geometry optimization as before (PM3).**

Record the value of the O-H bond lengths
 __________Å (~0.951 Å, 0.959 Å literature).






    
 __________Å

Record the value of the H-O-H bond angle __________° (~107.7 °, 103.9 ° literature).

Return to Job Manager.

Structure of NH4+ (Ammonium cation)

_____ Build the NH3 molecule and do the “Clean-Up” step, as before.

_____ With NH3 displayed, open the Periodic Table and choose H.

_____  Click on the N atom and drag away to add another H bound to the nitrogen atom.

_____ Choose “Clean-Up” > “Geometry” to get the tetrahedral structure.

_____ Use the Select arrow and click on the N atom to highlight it.

_____Choose Adjust > Charge, and type in +1 in the Pop-up window.  Click Apply followed by 

           OK.   It may be hard to see, but the N atom should now have a “+1” on it.

_____ Proceed with the geometry optimization as before H4N(+1) PM3 Geom opt initials
Record the value of the H-N-H bond angles  __________°   __________°  __________°

__________°   __________°  __________°

6.  Write a sentence that compares the bond angles of ammonium to the other molecules built.

7.  What conclusion(s) can you make concerning the H-X-H bond angle and the number of 

      unshared (lone) pairs of electrons around the central atom X?

8.  Investigate the dipole moment values and vectors of ammonia and ammonium.  How do they 

     compare?

9.  Construct a table on an Excel spreadsheet that compares the X-H bond length to the atomic  

     radius of the central atom.  Create an xy scatter plot graph of this data, line of best fit. 

Include the following molecules on your graph.  Methane, water, ammonia, hydrogen sulfide gas, and hydrogen phosphide gas. Look up atomic radii on the internet or use the values in your textbook.  

Analyze and summarize your findings from the graph.  Graph includes Title, axes labeled, a summary of the graph copy and paste into word and print. 

What conclusions can you make concerning the size of the central atom X and the X-H

 bond length?

