
Lecture 7 
Chemical Bonding II  

Tutorial 
 

1) Draw the Lewis structure for BF3 
 

Step 1) Count the total number of valence electrons in the structure. 
              Boron = 3 e- (Group 3A) 
              Fluorine = 7 e- x 3 atoms = 21 e- (Group 7A) 
              Overall charge on species = 0 = 0 e- 

              Total = 3 e- + 21 e- = 24 e- 
 
Step 2) Put the least electronegative atom in the center and connect terminal atoms 
with single bonds.   
 

               
 
Step 3) Complete the octets of all terminal atoms.   

              
 
Step 4) Add up the electrons you have used, and attach any unused electrons to the 
central atom.   
        We have used 24 electrons.  In step 1 we determined that we had 24 valence 
electrons.   
        We do not make double bonds in structures which have boron as the central atom.  
Boron has a limited ability to attract electrons, as its nucleus only contains 5 protons.  For 
this reason it does not tend to fill its octet.   
  
 
 
 
 
 
 
 
 
 



2) There are two possible structures for HClO. 
a. Find the formal charge on every atom in each structure. 

 

                                                 
                                                
    H Cl O  H O Cl 
Valence electrons   1 7  6  1 6 7 
Electron assigned in HClO  1 6  7  1 6 7 
Formal Charge   0       +1 -1  0 0 0 
 

b. Select the most likely structure.  Justify your choice. 
 

 
This is the most likely structure, as the formal charge for each atom is zero.  Chlorine is 
the least electronegative, so we would think that it would reside in the center, but the 
formal charges tell us different.  OEN = 3.5 and CLEN = 3.0 

 
3) Which of the following single bonds has the shortest bond length, and which has 

the greatest bond energy?  
a. N – O  
b. N – F  
c. N – C  

 
Bond Length 
Bond length decreases as the atomic radius of one or both of the bonding atoms 
decreases.  As the nitrogen atom is common to all bonds, the bond length will be 
determined by the other atom involved in each bond.  From the periodic trend for atomic 
radii (atomic radii decreases as one moves from left to right across a period) it is evident 
that fluorine has the smallest atomic radius, and thus, the N – F bond is the shortest.   
Bond Energy 
Bond energy increases as the bond length decreases.  Since the N – F bond is the shortest, 
it also has the greatest bond energy.   
 
 
 
 
 
 
 
 
 
 



4) Is the bond energy between the sulfur atom and each oxygen atom greater in 
sulfur dioxide or sulfur trioxide?  Explain. 

 
Step 1) Draw resonance structures for each compound. 

 

 
 

 
 

Step 2) Determine the effective number of bonds between the sulfur and 
oxygen atoms in each structure? 

 
 

SO3       4 Bonds ÷ 3 terminal atoms = 1.33 bonds 
                    There are 1.33 bonds between each oxygen and sulfur atom in SO3. 
 
SO2      3 Bonds ÷ 2 terminal atoms = 1.5 bonds 
                    There are 1.5 bonds between each oxygen and sulfur atom in SO2. 

 
Step 3) Determine which structure has the shortest bond length between the 

sulfur and oxygen atoms.  
 

The bond length between the sulfur and oxygen atoms is shorter in the sulfur dioxide 
molecule.  This is because sulfur dioxide has 1.5 bonds between each sulfur and oxygen, 
whereas sulfur trioxide has only 1.33 bonds between each sulfur and oxygen.  A greater 
number of bonds between atoms, means that the electron density between the nuclei of 
the bonding atoms is greater.  As the electron density increases, the attractive forces 
between the protons of the bonding atoms and the electrons involved in the bond 
increase.  The bond length decreases as the force of attraction increases.    
 

Step 4) Determine which structure has the greatest bond energy between the 
sulfur and oxygen atoms.  

 
The bond energy in the S – O bonds of sulfur dioxide are greater.  Sulfur dioxide has 1.5 
bonds between each sulfur and oxygen, whereas sulfur trioxide has only 1.33 bond 
between each sulfur and oxygen.  Greater numbers of bonds results in a greater force of 
attraction between the atoms.  Because there is a greater force of attraction between the 
atoms in sulfur trioxide, it requires more energy to break its bonds.   
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