Collingwood Chemistry

Problem solving exercises


Problem Set 7.5 - VSEPR Theory 

VSEPR Theory stands for Valence Shell Electron Pair Repulsion Theory.  In essence, it states that all chemical bonds around an element repel each other because they are all negatively charged (made up from electrons).  Each of the bonds also repels any lone (non-bonding) pairs, if they exist.  Consider the following compounds of fluorine which we will react with the elements from lithium across the period until oxygen (Li, Be, B, C, N, O).  
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1.
The first compound is LiF, lithium fluoride, which forms only one bond, and as a result its structure is straightforward.  Its Lewis diagram would be 
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2.
The second in the series would be BeF2, beryllium fluoride.  It has two bonds, both which repel each other.  As a result, these bonds will try to get as far from each other as they can, so that a linear compound forms with the bonds 180o to each other.
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The following diagram may help you to see this:  If the beryllium atom is at the ties of the balloons, and the balloons represent the fluorine atoms.  The fluorine atoms (and the bonds) repel each other and 




Linear

get as far away from each other as they can, making a bond angle of 180o.  The name of this structure is LINEAR.
3.

The third in the series is BF3, boron trifluoride.  It has three bonds all of which repel each other.  In order to get as far away from each other as possible, these bonds will be 120o apart, and all in one plane.
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Using balloons, we see that all three fluorines are in the same plane and 120o apart.  The name of this structure is TRIGONAL PLANAR.
4.
The fourth in the series is CF4, carbon tetrafluoride.  It has four bonds which all repel each other.  You may initially think that a square planar compound will form, but when we look at this three dimensionally, we see that adding a fourth item simply pushes the three downward a little until they are all the same distance apart.  The bond angles that form are 109.5o.  In essence, this has the carbon in the center of a cube, with two fluorines at two diagonal corners on the top surface and two on the opposite corners on the bottom surface.  The name of this structure is TETRAHEDRAL. 


  

5.
The fifth is NF3, nitrogen trifluoride.  This time, we have three bonds and one lone pair.  In essence, its shape will be the same as for CF4, except that instead of the fourth bond, we have a lone pair.  Lone pairs contain two electrons, however, and still repel the bonds.  In fact, the lone pair is larger (can be thought of as a larger balloon) and pushes the three bonds farther downward, forcing them to be slightly closer together with angles between the bonds of around 107o.  The name of this structure is TRIGONAL PYRAMIDAL
6.
The sixth is OF2​, oxygen difluoride.  In this case we have two bonds and two lone pairs on the oxygen.  Four items all repelling, but the two bulky lone pairs force the O-F bonds even closer together, so that the angle is about 104.5o.  The name of this structure is BENT (or angular).


The remainder of the structures must violate the octet rule, but it is important to look at them anyway.  In some cases five bonds can form around a central atom (so that the central atom feels the effect of 10 electrons – violating the 8 electrons in the outer shell rule).  This violation of the 8 electron rule will only occur in atoms that can use the d subshells for bonding (P, S, Cl, Se, Br, for example, but NOT O, N, F) so only larger elements with higher atomic numbers will be the central atom in a structure with five bonds.
7.
An example of a structure with five bonds is PCl5.  This structure is trigonal planar with two atoms sticking above and below the trigonal plane.  There are two different bond angles, therefore, the atoms above and below the plane are 90o to the plane (and 180o to each other) while the bonds in the plane are 120o from each other, just as in the trigonal planar example. The name of this structure is TRIGONAL BI-PYRAMIDAL.





8.
The last example is a structure with 6 bonds, an example is SCl6.  This structure has all bonds at 90o to each other, and can be though of as 4 bonds in a plane with one above and one below.  The name of this structure is OCTAHEDRAL.
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7.46	Draw the following compounds (review Lewis Dot Hebden pg. 184), listing the bond angles for each and naming them.


	a) H2S				b) H2CO	


	c) O2				d) CH4		


e) NH3				f) SF6


g) NH4+				h) Cl2O		


i) XeF2				j) ClF3		


k) IF4- 











