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Molecular Modeling: Visualizing Molecular Shape and Polarity

(Using Spartan on PC computers)

I. Introduction

The goal of this lab is to utilize molecular modeling software to assist you in building the following skills.  After completing this exercise you should be able to:

• Use VSEPR to predict the electron pair geometry and molecular geometry for a given molecule based on its Lewis Structure, and sketch its 3D shape.


• Classify a molecule as either “polar” or “non-polar” according to its shape and the polarity of its individual bonds.

The field of molecular modeling, or more broadly, computational chemistry, refers to investigating molecules strictly through calculations.  It has grown rapidly in the past two decades, primarily because advances in computing speed have enabled the use of very sophisticated (quantum mechanical) models to simulate the electron distributions of molecules.  The field has had such a broad impact on chemistry that the 1998 Nobel Prize in Chemistry was awarded to a pair of individuals who were instrumental in developing efficient numerical procedures to execute such calculations.  Today, a substantial fraction of chemists are exploiting computational methods for their research, and such methods are even making their way into introductory chemistry courses… 

The plan for this lab exercise is to learn the basics of the program by “building” and simulating a few simple molecules that you are quite familiar with.  At the same time, you will be drawing Lewis Structures and predicting the geometries of these molecules using VSEPR (Valence Shell Electron Pair Repulsion) Theory.  The basis of VSEPR theory is that the electron pairs about a given atom move away from each other as far as possible to minimize the repulsive forces between them (all are negatively charged).  As a result, for a given number of electron pairs about a given atom (either bonds or lone pairs), there is a standard arrangement called the electron pair geometry.  This dictates the overall shape, and the values of the bond angles.  After considering the lone pairs, and their effect on the geometry, we then focus strictly on the atoms and bonds when we specify the molecular geometry.  This is the actual shape of the molecule, but it is critical to first consider the lone pairs and their effect on the structure.  At the end of this document there are some appendices that describe electron pair geometry, molecular geometry, and guidelines for drawing Lewis Structures.  Our investigation of shapes will conclude with an examination of molecules with more than 8 electrons about the central atom.

After investigating shape, we will then exploit the graphical capabilities of SPARTAN to illustrate “polar” bonds.  Then, we will combine this insight with that that we have gained regarding shape and learn to predict whether or not a given molecule is polar – as a whole. If so, we say it has a dipole moment.  This quantity is real and measurable, and its magnitude indicates the degree of charge separation in the molecule. 

NOTE:  You may need some scratch paper for preliminary sketches of Lewis structures and VSEPR geometries.  Questions to be answered are in bold, and are separated from the body of the text.  Others embedded in the text (and usually in italics) are to provoke thought. 

II. Outline of the process for running SPARTAN
The process for modeling molecules in SPARTAN follows the same general outline:

a. Build a molecule:  Use the mouse to make bonds in an arrangement that is your “best guess” as to how the atoms are arranged.  This shape is just the initial guess, however.

b. Calculate and minimize molecular energy:  SPARTAN next adjusts atom positions and the electron distribution in the molecule to find the lowest energy structure and electron distribution.  This is the real power of this program.  Sophisticated quantum-mechanical models are used to obtain a refined view the “best” structure. 

c. Calculate surfaces:  There are some powerful visualization capabilities as well. “Electron density surfaces” will be used to better envision shape, and charge distribution (to better envision polarity) can be plotted directly on these surfaces with color-coded scheme.

SPARTAN allows for a wide range of molecule shapes and bonding, i.e. you can build almost anything, but just because the program will let you build it doesn’t mean that your molecule is stable.  Step “b.” is crucial (do not try to answer questions below without running the calculations).  During step “b.”, three different things could happen:

i. The program returns a structure with the same general shape (the bond lengths and angles may have changed a bit).  But it is not necessarily the best structure.  You will need to examine the energy values for all stable structures to determine which is “best”. 
(More on this below.  See footnote #3 for a thorough clarification).

ii. The program returns a structure with a completely different shape, which means that your starting structure was something of a poor guess.

iii. The calculation takes a long time, and the structure it returns is not bonded at all – the distances are very long, and there is no definite shape (i.e. the molecule “exploded”), which means that your initial guess was extraordinarily bad.

Controls for moving and rotating molecules on canvas:  (If more than one molecule is on the canvas select the desired one by left clicking on any atom.  The name of the selected molecule will appear in the lower right hand corner.)

	"free-form" rotate
	hold left click, then drag

	rotate molecule in canvas plane
	hold shift and left click, then drag

	drag one molecule across canvas
	left click select,  hold right click, then drag

	drag all molecules across canvas
	hold control and right click, then drag

	zoom in or out
	hold shift and right click, then drag (up or down)


Upon starting the program a toolbar appears with many useful controls and functions on it - the so-called “shortcut” menu:
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III. Molecular Geometry

A.
3-D Shapes from Lewis Structures

1a) Sketch Lewis structures for H2O, NH3, and CH4, and specify the electron pair geometry and molecular geometry for each one.

H2O:



NH3:



CH4:

e- pair geom.:____________
e- pair geom.:___________
e- pair geom.:_____________

mol. geom.:_____________ 
mol. geom.:____________ 
mol. geom.:______________

1b) According to the VSEPR model, the values of the bond angels should be:

H-O-H:______

H-N-H:_______

H-C-H:_______

(For help, see the diagrams of the various electron pair geometries compiled on page 18.) 

B.
3-D Shapes from SPARTAN
Now use SPARTAN to answer these questions.  We will build the molecules and calculate their minimum-energy structure.
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1. Building molecules:  H2O, CH4, & NH3
Select ‘New’ from the File menu.  In the popup window, use the ‘Ent.’(Entry) mode.                                                                                                    

Water
Select the correct O atom, [image: image2.wmf], and then click on the green canvas.  Rotate the molecule for a better view.  Then, select the “-H” from the model kit, and click on an “empty bond” to add the H’s.  Then choose ‘View’ from the Build menu (or click on [image: image3.wmf] in the shortcut menu).  Select ‘Save’ from the File menu, and save your file on the desktop.

There are several “models” for viewing the molecule in the Model menu - experiment with them, and pick the representation you like the best, and be sure to try ‘Space Filling’.  You can switch models at any time; it will not influence the calculations.
NOTE: Throughout the course of this lab, it is very important to save each molecule as a separate file.  When building a new molecule always begin by using “File/New”.

Methane
[image: image11.wmf][image: image12.wmf]Drag the water molecule out of the center of the canvas, choose File/’New’ (or click  
[image: image4] from the shortcut menu) and build CH4, use          from the ‘Ent.’ pallet); note that if you don’t put H atoms on the C, the program will do it for you automatically when you            
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select       .   Save the molecule.  You can switch from molecule to molecule by clicking on any part of the molecule that you want; 
the title of the main window tells you which is selected.  The atom that you click turns brown; if you next click on the canvas, you can deselect that atom but not the molecule.

[image: image14.bmp]Ammonia
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Again, move the methane molecule away from canvas center, start a new molecule and build NH3 (use        from the ‘Ent.’ pallet – not the planar N!).  Save the molecule as before.

2. Calculating Structures

Next, we will have SPARTAN calculate the optimum (i.e. minimum energy) structure for these molecules.  
(a) Select a molecule by clicking on it and then set up the calculations by:
Select ‘Calculations…’ from the Setup menu.  In the dialog box, choose the following:

 ‘Calculate:’ Equilibrium Geometry, 

‘with:’ Hartree-Fock / 6-31+G*.

Then click “OK”.  We will use these settings for the most of the exercise.  To start the calculation, select ‘Submit’ from the Setup menu.  A popup window will appear stating that calculations have started.  Click "OK" and wait for another popup window which states that calculations are complete.  The calculation should finish in less than a minute.  When the first molecule is done, move on to the others.
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 Note: If you get an error try one of the following.  Select “minimize” from build menu (or         in the shortcut menu) or try a less-sophisticated calculation by replacing “6-31+G*” with “3-21G” or “STO-3G”. 

Now, we’ll examine the calculated bond angles, and see how the structures of H2O, NH3, and CH4 compare with the values expected via VSEPR theory.

To measure the bond angle in water, select “Measure Angle” from the Geometry menu (or click on [image: image5.wmf] in the shortcut menu) and click on “H”, then “O”, then the other H.  The atoms will be shaded in brown as they are selected, and the value will appear in the lower right corner of the SPARTAN window when you have three atoms selected.  It is critical that the central atom (“O” in this case) is selected second – otherwise the value you get will not be for the H-O-H bond angle. SPARTAN tracks the order that you 
selected the atoms at the bottom of the window to the right of the word ‘Angle’.  Record the H-O-H bond angle.  Select View 
[image: image17.png]


(or       ) to get the other molecules back to the screen.  Measure the bond angles in CH4 and NH3 and record the results. 
Note the trend in bond angles, and try to explain its origin.  Here are some considerations to guide you:  For which molecule does the bond angle deviate the most from the ideal VSEPR value?  Which deviates least?  Is the bond angle larger or smaller than in the ideal VSEPR value?  Can you explain the trends in bond angle deviation?

1c) According to the SPARTAN calculations, the actual bond angles are:

H-O-H:______

H-N-H:_______

H-C-H:_______

1d) Are any of the calculated angles different from the ideal VSEPR values?  If so, can you explain why?  If not, see the next section.
Note the trend in bond angles, and try to explain its origin.  Here are some considerations to guide you:  For which molecule does the bond angle deviate the most from the ideal VSEPR value?  Which deviates least?  Is the bond angle larger or smaller than the ideal VSEPR value?  Can you explain the trends in bond angle deviation?

C. Effect of Lone Pairs on VSEPR Bond Angles 

“Electron density surfaces” are maps of where the electrons are located in the molecule - SPARTAN produces a shape that corresponds to the electron density that you specify. 

We will look at the “bond” electron density surface.  The “bond” surface represents the region where there is enough electron density to constitute a bond, or a lone pair of electrons.

To calculate these surfaces, select a molecule and choose ‘Surfaces’ from the Setup menu.  In the popup window click on the ‘Add’ button. 
Accept density (bond) in the Surface pull-down menu, click the Isovalue checkbox,and choose High for Resolution.  Then click “OK”.

‘Submit’ these from the Setup menu.  Click "OK" in the popup window and wait for the next popup window to appear and click "OK" again.  The second box may take some time so be patient.  To view the surfaces, click the checkbox next to the left of the surface you wish to view in the ‘Surfaces’ dialog box, then left click on the molecule you want to view.  
Make the surfaces transparent so that you can see the skeleton of atoms inside.

Select the molecule you want to view by left clicking.  Chose  ‘Properties’ from the Display menu.  The dialog box should be labeled ‘Surface Properties’ - set the Style to Transparent. Alternately, you can select Transparent from the menu on the lower right of the screen.  Note: this function is a bit “buggy” - if you have problems, leave the window open and click on the molecule that you want to see.  In the ‘Surfaces’ window toggle the surface off and on by clicking on the checkbox.

Calculate and examine the bond surfaces for each molecule and answer the questions below, Make note of the differences between CH4 and the other two.  Specifically note that the bond surface for methane shows electron density that is localized in the regions of the C-H bonds (it has little “limbs” of electron density, along the C-H bonds).  In NH3 and H2O, there is electron density on the N and O that is not near the region of the H-N and H-O bonds, and it is much more dispersed.

2a) Why is the electron density on the central atom in H2O and in NH3 directed away from the H’s and not where the bonds are, i.e. between the central atom and the H?
2b) Why is the electron density on the central atom, as described in 2a, more diffuse (more spread out) than the electron density between the central atom and H atoms?

2c) Generalize: Are the spatial requirements for a “lone pair” and a “bonded pair” the same?  Which requires more space - a bonded pair, or a lone pair?  Why? 
2d) Revisit your answer to question 1d, and, provide a refined explanation of the trend in the bond angle of H2O, NH3, & CH4, below.

Save and close all three molecule files before continuing.

D.
Molecules with “Expanded Octets”

Molecules with 5 electron pairs about the central atom assume a trigonal bipyramidal electron pair geometry, and those with 6 electron pairs assume an octahedral electron pair geometry.
  When no lone pairs are present, the molecular geometry and electron pair geometry are the same, as is the case with PF5 and SF6, viz. 

                 [image: image18.bmp]
                          Trigonal Bipyramidal (PF5) and Octahedral (SF6) Geometries
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When lone pairs are present, however, it is difficult to determine the best orientation of lone and bonded pairs of electrons.  Consider the trigonal bipyramidal case (as depicted by PF5 above): the key issue is that the five locations around the central atom are not equivalent. Those directly above and below the P are called axial sites (recall the “axis” of the earth). They have three bonds located 90° from them.  The other three sites are called equatorial (recall the Earth’s Equator).  These have two:  the two axial bonds 90° away, and two others 120° away.  That is, there are three positions around the central atom in the same plane (the equatorial plane) and two positions above and below that plane (the axial positions).  To better visualize this, do the following:  

Create a new project, and select the ‘Exp.’ tab in the window and a periodic table will appear.  To make a Cl atom with five 
[image: image20.png]


electron groups around it, choose                from the list below the element icon.  Select Cl from the table of elements and then transfer the image to the canvas.  Rotate the molecule around until you understand its shape.

When lone pairs are present, a natural question is:  “Do they go into the axial sites or the equatorial sites, or is there really any difference?”  The key here is which have more space for the lone pairs, but the situation is not perfectly clear.  We’ll investigate this directly (for at least one case) by examining the ClF3 molecule.

Question:  What is the “best” structure for the ClF3 molecule?

3a) Sketch the Lewis structure of ClF3 (be sure to follow the rules in the appendix). 
If you did 3a correctly, you obtained a Lewis Structure with 10 electrons (5 pairs) about the central atom, so the electron pair geometry is________________________________?

3b) Three molecular shapes are theoretically possible when a molecule has three bonding pairs and two lone pairs.  Sketch the three possibilities on the trigonal bipyramidal electron pair geometries shown below and state the names of the three different molecular shapes.  See page 18 for pictures and names of the shapes.
           [image: image6.png]
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Now, build ALL three possible structures that you sketched, and save each one:

Select a single-bonded F atom ([image: image21.emf]  ) from the ‘Expert” palette and 
add F atoms in three locations on the central Cl.  Then delete the        
last two bonds by selecting “Delete” from the Build menu (or    
from the shortcut menu)and clicking on the gold parts of the empty bonds.  You must delete the bonds or they will become H’s in the calculation.  There is no need include lone pairs, the program automatically includes them in when it calculates the best electron distribution.  Remember to select “new” from the File menu before building each molecule.

Make sure that each structure is distinct (i.e. do not make two of the same one). 

Question:  What is the “best” structure for the ClF3 molecule?

We will answer this question by performing some calculations.

3c)  Calculate the energy of the three starting structures.

For each structure, select 'Calculations….'  from the Setup menu.  In the dialog box, choose the following:   'Calculate:'  Single Point Energy, '  with: '  Hartree-Fock  /  6-31+G*.

Then click  "OK".  To start the calculation, select  'Submit'  from the Setup menu.  Wait for the popup window and click "OK".  Wait until another popup window appears.  Be patient, it may take some time, then click "OK" again.

                                         Starting shape                                      Energy

    #1                               _______________                            __________________

   #2                                _______________                            __________________

   #3                                _______________                            __________________

Click on any atom in the structure that you want, then select  "Display"  from the toolbar followed by  "Properties".  The Molecule Properties window appears.  If the Molecule Properties window does not appear, click on the molecule again.  The window should toggle to Molecule Properties.  Note that clicking on the molecule will enable you to toggle back and forth between Atom- and Molecule- Properties.  The energy will be displayed in the window in the upper left at “Energy”.  Repeat the procedure for the remaining structures.

3d)  Optimize the structures and calculate new energies for the three starting shapes.

Use the same calculation settings ("Equilibrium Geometry") that you used for water, ammonia, and methane.  There will be a long delay between the two windows while calculating, be patient.  When finished, you’ll have two structures that are the same, despite your care in building three unique structures.  What happened?

To determine which structure is best, compare the energy for each structure:

Click on an atom for the structure that you want, and then select  "Display" from the toolbar followed by  "Properties".  The Molecule Properties window appears.  If the Molecule Properties window does not appear, click on the molecule again.  The energy will be displayed at “Energy” in the upper left corner of the window.  Repeat the procedure for the remaining structures.

                          Starting shape                  Ending shape                             Energy

#1                 _________________          __________________            __________________

#2                 _________________          __________________            __________________

#3                 _________________          __________________            __________________

Display the energy of the calculated structures as described above for the starting structures.

Two points: 

1) You’ll notice that the energy is negative.  A big, negative number is lowest energy and, thus, most stable.

2) The energy is expressed in units called “Hartrees”.  A Hartree is large amount of energy by chemical standards (1 Hartree = 2625.5 kJ/mol=627.5095 kcal/mol).  Thus, a structure that is a 0.1 Hartree lower in energy is more stable by about 262 kJ/mol (65 kcal/mol).  This is enough energy to break most weak single bonds (e.g. C-S).

3e)  Based on your results, which starting structure for ClF3 is the least stable?  Explain how you know.
3f)  For the best structure, state what the values of the bond angles of ClF3 should be based strictly on VSEPR theory. 

3g)  Sketch the lowest energy geometry, label it with the calculated bond angles, and briefly explain why they differ from those predicted by VSPER theory.

3h)  Generalize:  Which sites in the trigonal-bipyramidal geometry have more space for lone pairs – axial or equatorial?  Why?  How do your results for ClF3 support this?

Recall that the ‘best’ structure is the one with the lowest energy.3  Also recall the three possible outcomes for a calculation (described in section II). The program will return:

· a molecule with the same general shape ( reasonable initial guess

· a molecule with a different shape ( poor initial guess

· an “exploded” molecule ( extremely poor initial guess

Examine the energy values for the stable structures you obtained, and decide which structure is the MOST stable (i.e. minimum energy).
________________________________

3 A stable structure is not necessarily the best, minimum energy structure.  Rather it could be a “meta-stable” or “quasi-stable” structure.  This situation is illustrated in the picture below, a graph of energy vs. bond angle for a hypothetical molecule XY2, which has a bent minimum energy structure and a linear structure that is quasi-stable.









The 180° (linear) structure corresponds to a stable shape, but it is not as stable as the 110° (bent) structure.  That is, the linear structure has a higher energy, but such meta-stable structures can result from geometry calculation.  When SPARTAN calculates the best structure for XY2, the “starting guess” for the Y-X-Y angle will affect the result:  If we guess an angle between ~90( and 150(, the calculated shape will be bent.  If we guess an angle between ~160( and 200(, the calculated shape will be linear.  If we guess 155( (right at the top of the peak), either shape could result. The program adjusts the geometry to lower the energy (that is, it will try to march “downhill” in energy), even if there is a more stable structure the other way.
So, examine the energy values for the stable structures you obtained, and decide which one is the most stable (i.e. minimum energy) structure.
3i) Specify the electron-pair geometry and molecular geometry for the most stable structure of ClF3.
e- pair geometry:__________________.  
Molecular geometry:___________________

When you are done, close all three ClF3 molecules.

Now, let’s extend your insight to the next case, the octahedral electron pair geometry. 

In this configuration, all bond sites are spatially equivalent, but with more than one lone pair there is a choice to make:  Do you put the lone pairs adjacent to one another, or opposite to one another? 

Consider the two plausible structures of XeF4 below.  (This molecule is not known to exist but one form is stable according to SPARTAN and works for our purposes.)  Based on your intuition regarding lone pair repulsion, try to decide which is the “correct” (lowest energy) structure.

(Note, you need not use SPARTAN for the question, it is hoped that your newly-refined intuition will suffice at this point.  If you wish to “check your answer”, you’ll need to use a less sophisticated model (with a smaller “basis set” such as 3-21G).


3j) Name the two molecular geometries of XeF4 shown above.

3k) State which structure should be lower in energy.  Provide a brief explanation.
IV. Polarity: Bond Dipoles and Dipole Moments

In this part, we will combine our understanding of 3-D shape with some new insight into bond polarity, and determine whether a given molecule is “polar” or “non-polar”.  For a molecule to be a polar molecule (or more formally, have non-zero dipole moment), it must have: 


i)  Polar bonds.
ii) An asymmetrical orientation, such that the bond polarity is unbalanced. 

Bonds are considered polar when the electronegativity values for the atoms involved differ by more than ~0.5.  There is an electronegativity table in the appendix.  In the absence of such a table, the following rough guidelines may help you identify bonds that are considered polar:

· F bonded to any other non-metal = polar, with excess negative charge on F.

· N, O, Cl bonded to anything (except F) is polar, with negative charge on N, O, or Cl.

· Bonds between other non-metals (H,S,C,P…) are most often non-polar

Clarification:  It should be noted that any bond between two different atoms has some degree of charge separation (or “polarity”).  In spite of this, chemists refer to bonds with minimal charge separation as “non-polar”.  

To visualize how polar bonds add up to render a given molecule polar or non-polar, chemists use “bond dipoles”, arrows that point along the polar bonds, the components for which reinforce each other (that is, are added) or cancel out (are subtracted) to give the overall polarity of the molecule. The molecule’s polarity is represented by a quantity called the dipole moment, which is real and measurable.  “Bond dipoles”, however, are strictly hypothetical.  Note below how the horizontal contribution of the bond dipoles cancels out in water, while the vertical part reinforces.
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A. Bond Polarity

Before we begin the calculations, answer these questions:

4a) Are C-H bonds polar?  ______

Are N-H bonds polar?  ______

Are O-H bonds polar?  ______

Rank them in order of increasing polarity and briefly rationalize the trend.

Now, we will learn to exploit SPARTAN’s capabilities to illustrate the rather subtle issue of polarity.  Re-open H2O, NH3 and CH4.  We will have SPARTAN calculate the net electric charge on these surfaces of these molecules and visualize the charge differences using  variations in color.

Calculating the charge distributions

To do this, we will revisit the ‘Surfaces’ dialog box (in the Setup menu):

To map surface potential onto a given surface, open the ‘Surfaces’ window from the Setup menu, click on ‘Add’, choose density for Surface, potential for Property, click the Isovalue checkbox and accept High for Resolution, click "OK", then ‘Submit’ the jobs from the Setup menu.  Note that you can map charge onto “bond” surfaces in a similar manner, i.e. repeat the above but choose density(bond) instead of density (see page 5).  For best results, uncheck any density boxes not being used.

The “Potential” or electric charge is mapped as follows:  The most positively charged part of the surface is blue, and the most negatively charged part is red.  Neutral regions are greenish or yellowish in color.  Recall that charge within the molecule arises because electrons spend, on average, more time around electronegative elements; these elements don’t have the nuclear charge to offset the excess electron density they attract, so they appear negatively charge.  The reverse is true for electropositive elements.

BE CAREFUL!  The program always employs the widest range of possible colors, and essentially all bonds will appear to be polar until we set a common scale for all. 

This scale can be set in the “Surface Properties” window (accessed via ‘Properties’ in the Display menu).  Note the From/To values for all three molecules (e.g. for H2O, the default values are (about):  From: -48.6…, To: 58.3); find a From/To range that will work for all three molecules and set this range for all three (preferably with round numbers like -50 to +50).  After changing a value be sure to hit “Enter” before going to the next value or the current value will not be changed. 

To examine bond polarity, focus on the “bond” surfaces.  Set each molecule to the bond surface and compare the range of colors in all three.  You should see a clear trend in the polarity of the bonds among this trio of molecules. 

(Revisit your response to question 4a… and if necessary, re-write your answer below)

4a) (Revisited)

B. Dipole Moments
Recall again that for the molecule as a whole to be polar, two things must hold true.  First, it must have polar bonds.  But also, the symmetry of the molecule must be such that polarity of the individual bonds (the bond dipoles) does not cancel out.  To illustrate this point, we’ll divert our attention to a couple of other molecules BF3 and PF3.  (In the meantime you can close H2O, NH3 and CH4, or move them to the side).  Build both BF3, and PF3 (It will save to time to draw a Lewis structure, and start from the correct VSEPR geometry).  As before, calculate the equilibrium geometries, and calculate the ‘size’ density and ‘bond’ density surfaces with the ‘potential’ mapped onto them. 

Examine the bond density surfaces, just as you did before.

4b) Are B-F bonds polar? _____  
Are P-F bonds polar? _____

Now, let’s examine the overall polarity of BF3 and PF3.  Bring up the ‘density’ surfaces (with the potential mapped).  Now, spin each of these molecules around and ask yourself the following question:  “Can you orient either of these molecules such that there is a net, asymmetrical imbalance of color (i.e. charge)?”  Make sure you examine them from at least two different, perpendicular views.

Plotting the dipole moment vector:

Select a molecule and choose ‘Properties’ from the Display menu.  In the “Molecule Properties” popup window the calculated dipole moment appears in the lower left.  Clicking on the checkbox will display the dipole moment vector on the molecule.  This will also show its actual orientation.  The arrow points toward the negative charge.  You may have to make the molecule transparent or deselect the surface to see the dipole.  To make the molecule transparent, left click on it and look in the lower right corner of the screen.  Change the Style setting to “Transparent”.  You might also try the “Dots” and “Mesh” settings.  

To deselect the surface, go to Display and click on “Surfaces”, then remove any checkmarks in the checkboxes.  If you still do not see the arrow indicating polarity, it may be because the polarity is “0” (i.e. NO NET DIPOLE) for that molecule.
4c) Are BF3, and/or PF3 polar molecules?  Make 3-D sketches of BOTH of these molecules, and include an arrow that shows the orientation of the dipole moment (or write “no net dipole” as appropriate).

BF3:






PF3:

You can close BF3 and PF3 at this point, and re-open H2O, NH3, and CH4 (if necessary)

Now, examine the size density surfaces of water, methane, and ammonia (with the potential maps on, and with a common scale) and try to determine whether or not these molecules are polar.  (Recall both criteria on the top of page 12). 

4d)
Is CH4 polar?_____
Is NH3 polar?_____
Is H2O polar?_______

Make a sketch showing the orientation of the dipole moment in each molecule.  If a molecule is not polar, briefly explain why.  (There may be more than one reason – if so, state both).

4e) (Test your skills) Consider the Lewis Structure of CF2H2 shown below.  Visualize the 3D shape of this molecule, and determine whether or not the bonds are polar. Decide whether this molecule is “polar” or “non-polar”, and make a sketch showing the orientation of the dipole moment, or write “NO NET DIPOLE”.

(Note: A Lewis Structure does not necessarily depict the 3D Structure). 


Cleanup

When you have completed the exercise, you may wish to copy the folder containing your files to your “H” drive for future reference, if it is not already there.  Then delete the folder and empty the RECYCLE BIN before closing the SPARTAN program.  Do not forget to log out. 
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� The first line tells the program to adjust the bond lengths and angles until the potential energy of the molecule reaches a minimum value.  The “Hartree-Fock/6-31+G*” describes the method the program is using to model the electron distribution – which ultimately dictates the structure.  The only tidbit you need to take from this is the following fact: The program 


calculates the molecular structure with the lowest energy. 


NOTE: This is the underlying basis of the VSEPR model. Since the electron pairs (either bonded or lone) are negatively charged, molecules adopt geometries that render them as far apart as possible, minimizing the repulsion of the negative charges, which in turn gives the lowest potential energy.





� It may seem unusual that the central atom has more than four electron pairs - atoms in most molecules have eight electrons – a.k.a. the “octet” rule.  But, atoms from the third row (e.g. S, P, Cl) and below are larger, and can accommodate 10 or even 12 electrons in some instances. 
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