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SCRIPT SAMPLE
THIS EXAMPLE ILLUSTRATES THE SUPPLEMENTARY MATERIAL PROVIDED WITH EACH SLIDE SHOW (THE LEWIS BOND THEORY IN THIS CASE). THERE IS A DETAILED COMMENT FOR EACH SLIDE. TOPICS EVOLVE AS THE LECTURER CLICKS THE MOUSE OR ADVANCE BUTTON TO PUT EFFECTS INTO MOTION. HAVE A LOOK AT THIS PARTIAL SCRIPT.
…SLIDE 9 
BONDING & ATOMIC COLLISIONS: 

Individual atoms move freely at great speed in gas or liquid medium at ambient temperature. Direct hits are inevitable, even in a high vacuum gas. Most of these encounters end up in collisions in which particles bounce back and continue their trajectories. Only kinetic energy has been partly transferred.

Now, imagine two atoms approaching each other at great speed in the correct direction with enough energy. They now come together at a closer range. Two opposing forces come into play:

1.- Repulsion of the electron shells in each atom, as both have partial negative charge.

2.- Attraction of the two atoms as the positive nucleus of one atom will perceive the partial negative charge of electron shell of the other atom. This effect occurs in the other nucleus as well. The attractive force may overcome repulsion and allow for a closer approach. Electron shells become engulfed in one single cloud. A molecule is born.
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Figure 2: Attractive and repulsive forces during the approach of two atoms. If there is sufficient energy atoms will coalesce and form a diatomic molecule.
SLIDE 10
COVALENT BOND AND THE LENNART-JONES POTENTIAL DIAGRAM

The same process may be seen from a quantitative viewpoint by means of the Lennart-Jones potential plot (Fig 3), published in 1924. Let us assume that two hydrogen atoms are approaching each other with not enough energy for bonding. As they get closer the repulsion and attraction forces mentioned earlier will come into play. If repulsion (red line) prevails atoms will drift apart after “bouncing” against each other, as before. 

Let us now repeat the sequence assuming the approach of the H atoms at a closer range. Repulsion and attraction forces combine to furnish a new line of potential energy. This line (black), shows a ‘well’ where potential energy reaches a minimum, well within the attraction sector. Mind the course of the orange arrow now. 
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Figure 3: The Lennart-Jones potential curve of two hydrogen atoms approaching to 
form a H2 molecule

[click and animation] A line defining the sum of attractive and repulsive forces emerges (black line). As we can see, at a certain distance within this well, electronic clouds coalesce to form a single envelope in the final H2 molecule. In modern chemistry this is the 1s+1s molecular orbital to be reviewed in a later lecture. 
Hydrogen Nuclei stand at an equilibrium distance from each other known as the bonding distance or bond length, whereas half that distance is known as the covalent radius. Nuclei do not stand still but vibrate around the equilibrium position.

Many reactions in organic compounds follow a course like the one shown here for the H2 molecule, but participating forces, repulsive or attractive alike, combine several participants in proportion to the complexity of the compounds involved. 

SLIDE 11
COMPLEXITY OF BOND FORMING REACTIONS IN ORGANIC COMPOUNDS

As said, interactions with other atoms in the vicinity of the reaction center and several more valence electrons that this involvement implies, complicates matters considerably and calculations evolving from the Lennart-Jones equations become extremely complex. 

The following is an example of a relatively simple substitution reaction in a true but very simple organic compound; methyl bromide and its substitution reaction with potassium hydroxide. (Click for animation) Bromine is being displaced from the carbon backbone by the hydroxyl group: this type of reaction is called a nucleophilic substitution in its bimolecular version or SN2. This sort of thing takes place in biomolecules millions of times in our human body every second. [A separate chapter about SN reactions later in the semester]
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Figure 4 illustrates the repulsive forces exerted over the approaching HO by H atoms in CH3. If OH is imbued with sufficient energy, C-H bonds will recede towards Br assisting its ejection to the medium.

Animation of the SN2 process in a ball model) 
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Figure 4. Course of reaction and repulsive forces at play during replacement of
 Br by OH in bromomethane.

In spite of its apparent simplicity, this reaction cannot be represented in the simple terms of the Lennart-Jones plot because it is far more complex than the H2 molecule. Repulsion forces from three H atoms (actually the C-H bonds) in methyl bromide oppose the approach of the HO anion from the opposite side of the C-Br bond. Only if the sum of kinetic energies of CH3Br and OH- brought about by the temperature of the system may they come together to form the transient species possessing a pentavalent carbon. Repulsive forces of the C-H bond seem equilibrated on both sides. This intermediate will evolve either to starting materials or to the observed product: methanol.
SLIDE 12
So, when a reactant like the hydroxyl group in our example approaches a given compound containing an appropriate substituent (Br in this case) with sufficient energy to promote reaction, the electronic cloud will respond to its presence at close range as shown in fig 3. The molecule undergoes several changes:

1. In the shape of its structure, modifying conformations, even configuration of certain carbons

2. In the electronic and partial charge distribution of the electron cloud

3. Atomic composition and molecular mass if not involving isomerizations.
4. So, all the molecule seems involved in he process, even at distant places from the reaction center

As a consequence, the Lennart-Jones model applies only partially and needs profound revision because other molecular components come into play, including electronic repulsion, occupied molecular orbitals, local and overall dipolar moments and others. We will deal with these things as we move along this section of the course.

All these changes are a clear indication that bonding in carbon compounds needs a more sophisticated treatment beyond the simple 
H + H →  H2   model.

SLIDE 13
WATCHING THE ELECTRONIC DISTURBANCE IN MOTION
Let us have a fresh view of the same reaction. Instead of the using a ball model as in slide 11, we will resort to the calculated Hückel electronic surface of the molecule and the partial electronic charges during the approach of OH (as water) to CH3Br until it completes the displacement of Br- as HBr in an attempt to show graphically the electronic turmoil that takes place. In this model, the blue hue denotes negative charge accumulation, whereas positive charge character is shown in pink-red in the electronic envelope.

Figures 5A-D: Alteration of electron density and partial charge during the approach of H2O to CH3Br
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What we have reviewed in the past few slides is a modern outlook of how covalent bonds around C may be formed or destroyed using the electron cloud view. It is clear that molecules are not hard balls but rather jelly-like flexible objects. 

Unfortunately such a picture does not illustrate clearly for the beginning student the role of electrons in the bonding dynamics. In the early 20th century the electron cloud picture and associated calculations were not yet developed and chemists had to devise simpler means of understanding what forces were behind the C-X or X-X bond. 
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A: For ease of calculations we have used a H2O molecule instead of HO-. As the figure A at right shows, water (at left), despite of it being neutral, concentrates partial negative charge around the oxygen atom, leaving a deficit of electron density in the general area of the two protons. At the same time, the light blue tinge around bromine in CH3Br suggests a concentration of electron density there leaving the C atom deficient and exposed to the approach of the H2O molecule in the direction shown.
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B: As H2O comes closer it is engulfed in the electronic envelope of bromomethane. The system composed by the two molecules becomes highly polarized as the C-Br bond is perturbed and this end carries now excess negative charge while the water end holds an increasingly positive charge.





C: As the water approach continus and Br begins its leave, the central CH3 acquires a flat shape to lodge both acting groups simultaneously. This area appears electronically neutral. Polarization continues. Note that the O-H bond distance in water increases. As the reaction progresses towards products one of these H will leave.
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D: Bromine leaves the reaction center as HBr and HO-CH3 is formed. There is also unequal electron charge distribution here as one can surmise from the blue tint on O. The same occurs in HBr despite being both neutral molecules.
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