
STRENGTHS OF COVALENT BONDS 

What is it? 

Bond dissociation energy or bond energy is the energy required to break a bond. 

Usually we mean bond dissociation enthalpy, the enthalpy change for this reaction: 

A—B → A(g) + B(g) 

For example, H—Cl → H•(g) + Cl•(g) 

The • represents an unpaired electron, called a radical. When measuring the bond 

enthalpy, we break the bond so that half the bonding electrons go to each atom. 

Breaking a bond is always an endothermic process, so the bond energy is always 

positive. We use the symbol D(A—B) to represent the bond enthalpy of an A—B 

bond. 

Bond energy is similar, but is the average energy required to break all the bonds in a 

molecule. For instance, C-H bond energy is the enthalpy of atomization of methane 

divided by 4. This is different from the energy required to break the first C-H bond in 

CH4 because breaking the second bond might be easier or harder than breaking the 

first. 

Some approximate average bond enthalpies, in kcal/mol (use this table to get a 

sense of which bonds are relatively weak or strong) 

Bond D (kcal/mol) Bond D (kcal/mol) 

H-H 103 H-F 135 

H-Cl 102 H-Br 87 

H-I 70 H-C 98 

H-O 110 H-N 92 



C-C 83 C-F 116 

C-Cl 78 C-Br 68 

C-O 86 C-N 73 

N-N 40 O-O 34 

C=C 144 C≡C 200 

C=O 191 C=N 147 

O=O 118 N≡N 225 

Cl-O 52 Cl-N 72 

N-O 48 N=O 145 

How do we measure? 

As you might guess from the discussion above about bond energy vs. bond 

dissociation energy, it's actually quite complicated to measure these! There are a lot of 

complications to consider, and you can't always measure directly the heat of reaction 

that you want. 

Why does it matter? 

Having a general knowledge of bond strengths lets us understand the structures of 

molecules and predict reactions. For instance, when we guess the arrangement of 

atoms to make a Lewis structure, we will probably do better if we avoid making weak 

bonds. N-N and O-O single bonds are pretty weak, so usually we try not to put them 

in Lewis structures, unless nothing else makes sense. The structure will be better if we 

can make a multiple bond or put some other atom in between. 

We can also use bond strength knowledge to predict what direction reactions will go 

and how fast they will go. Recall that we can calculate the enthalpy of a reaction by 



comparing the atomization energies of the reactants and products. (This is the same 

idea as when we calculated enthalpies of reaction using standard enthalpies of 

formation.) If the product has stronger bonds than the reactants, the reaction is likely 

to be exothermic, and exothermic reactions often go forward. If the reactant has strong 

bonds, you might need to use a lot of energy to get the reaction started, even if it is 

exothermic. Combustion reactions are an example: C-C and C-H bonds are pretty 

strong, so we need a spark or a match to start the burning. Another example is 

"nitrogen fixation": we need N to make proteins and other important molecules in our 

bodies, but it is very hard to get N from N2 because of the strong triple bond. This is 

why we have to use fertilizer in agriculture, and making nitrogen fertilizer uses 

roughly 1% of the world's energy. Another example is teflon or PTFE, which makes a 

very slippery and non-reactive coating that is used in non-stick pans, containers for 

reactive chemicals, etc. PTFE has only C-C and C-F bonds, both of which are very 

strong, so it doesn't easily react even at high temperature when you cook with it. In 

contrast, if a reactant has some very weak bonds, it might be very easy to start a 

reaction. For instance, hydrogen peroxide (HOOH) can be used as a bleach or 

disinfectant because the weak O-O single bond can easily break, helping it oxidize 

whatever is nearby. Hydrogen peroxide and hydrazine (N2H4) can both be used as 

rocket fuel because they react easily and exothermically (they have weak bonds, and 

they form products with stronger bonds). 
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