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How to predict the shape of molecules :

1) Draw dot structure for molecule

2) Count all valence-shell electron pairs around the central atom, if there is double or   triple bond count just one pair electron not two or three :

   2 electron pairs = Linear                            3 electron pairs= Trigonal planar   

   4 electron pairs=Tetrahedral                       5 electron pairs= Trigonal bipyramidal     

   6 electron pairs= Octahedral   

3) If there is lone pair around central atom, it needs more space, that means lone pairs put pressure on other bonds and make them closer than normal.

1) Linear molecules : If there are two  electron pairs around central atom, the best angle for structure is 180o. 
Example : BeCl2      




 We have two electron pairs around central atom and maximum distance for them is 180o. The name for this structure is linear.

2) Trigonal planar : If there are 3  electron pairs around central atom , the best angle is 120o. This angle provides the maximum distance for electron pairs.

Example : BCl3             [image: image6.png]N
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3) Tetrahedral : If there are 4  electron pairs around central atom, the best angle is 1090. This structure is called tetrahedral.                           Example : CH4                                        [image: image1.png]


                       
             

Trigonal bipyramidal : If there are 5 pair electrons around central atom like PCl5 , the most stable shape is trigonal bipyrimidal.



Octahedral : If there are 6 pair electrons  around central atom the structure is octahedral. SF6   is octahedral.  

          

                                                                   

4) Structures with lone pairs : If one or two of  valence shell electron pairs are lone pairs, the real angles would be smaller than normal.

Example 1 : H2O     (two lone pairs)     
             

H2O has 4 valence shell electron pairs, but two of them are lone pairs. These lone pairs need more space, they put pressure on other bonds and make them closer. The angle in H2O is105o instead of 109o for tetrahedral. 

Example 2: NH3      [image: image3.png]= o
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NH3 has 4 valence shell electron pairs, but one of them is lone pair. This lone pair occupies more space than bonding pairs.The result is smaller angles for bonds. Angles are 107o instead of 109o for tetrahedral. 

Hybridization theory:

Now we are able to write electron structure for a molecule contain covalent bonds based on lewis model, we know some molecules obey the octet rule and some molecules do not obey this rule, also we are able to predict shape of molecules based on VSEPR theory.

The important question is: 

Why 4 covalent bonds  in CH4 are same while they are formed from different orbitals? Why 3 covalent bonds in BH3 are same? Why two covalent bonds in BeH2 are same, …
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C: 1s2, 2s2, 2p2                       1s2, 2s1, 2p3  

[image: image9.png]


2p 

2s        level of energy       


Each hydrogen atom shares one electron(1s1) with four carbon orbitals ( 2s1, 2px1, 2py1, 2pz1) to make CH4. Why these four bonds have same length and same energy and same , angel?

Answer: Because of same covalent bonds in CH4 we can assume carbon has 4 equivalent atomic orbitals. These orbital can be formed by combining  2s and 2p orbitals:


    

2px1     2py1         2pz1   Hybridization                                                                                                                                                                                              

                                                                                                                       sp3
2s1

The four sp3 orbitals have same level energy and same shape, they are arranged in a form of tetrahedral( based on VSEPR).

BH3                                                                                                                                                                                                                                                                                                                                                      

   2px1 2py1      2pz0                                                                                                                                            

2s1                                                                                            sp2                 
The three sp2 orbitals are identical, they form a trigonal planar with 120o angel.  

In BeH2 we have sp hybrid orbital in a linear shape with 180o angle. 

In PCl5, there are 5 hybrid orbitals dsp3.
 In SF6 ther are 6 d2sp3 hybrid orbitals.

( bond : When a covalent bond is on a line joining the atoms.

( bond : When two p orbitals overlap to make a bond in a parallel position.

Hybridization slides
Localized and Unlocalized electrons:

Localized electrons make a covalent bond between certain atoms. Unlocalized electrons don’t have specific place in a molecule, that’s why they move from a place to another(Resonance).

Resonance:

When a molecule has unlocalized ( bond  and also is flat (sp or sp2 hybrid), we have more than one lewis structure for that molecule, these structures are called resonance forms. the difference between these structures is the place for unlocalized ( bond . Molecules with resonance forms are more stable than others.
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