Index of Hydrogen Deficiency (IHD)  —  a Way to Get Useful Information from a Molecular Formula

A fairly simple calculation based on the molecular formula of a molecule gives information about the total number of pi bonds and/or rings that are present in the molecule. The method can't tell the difference between pi bonds and rings; it only gives the total. It involves noting the number of hydrogens in the molecular formula, and comparing that number with the number that would be present in an acyclic saturated hydrocarbon having the same number of carbon atoms.

Consider the following series of molecules, all having 5 carbon atoms:
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Notice that introducing either a pi bond or a ring reduces the number of hydrogens by two. An alkyne, with two pi bonds, has the same effect as two double bonds, 2 rings, or a ring and a double bond. This regular trend in hydrogen loss can be taken advantage of to calculate the total number of pi bonds and/or rings from a molecular formula. This number is called the Index of Hydrogen Deficiency (IHD).

Calculating IHD for hydrocarbons (contain C and H only)

Step 1. Start by noting the actual number of hydrogens in the molecular formula. Call this number  Hact.
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Step 2. Calculate the number of hydrogens that would be present for an acyclic saturated hydrocarbon (alkane) having the same number of carbons. Call this number Hsat. It will always equal twice the number of carbons plus 2, or Hsat = 2C + 2.

Step 3. Calculate IHD as follows: 

Example: for the molecular formula C10H16, 
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Therefore, C10H16 has a total of 3 pi bonds and/or rings. You can't tell how many of each.

Calculating IHD for molecules containing O, N. or halogens

The presence of heteroatoms in a molecule may or may not make a difference in how one calculates Hsat. Consider first the effect of oxygen. Ethane is C2H6, ethanol is C2H6O and dimethyl ether is also C2H6O. Notice that the presence of oxygen has no effect on the number of H's found in the molecules. Now consider ethylamine (CH3CH2-NH2 = C2H7N) or dimethylamine (CH3-NH-CH3  = C2H7N). Notice that the presence of one N increases the number of hydrogens by 1. Finally, consider chloroethane (CH3CH2-Cl  =  C2H5Cl). Notice that the presence of one halogen reduced the number of hydrogens by 1. In all of these cases, the molecules are saturated and contain no rings.

In summary, the presence of oxygen has no effect on the calculation of Hsat, but it must be reduced by 1 for each halogen present, and increased by 1 for each nitrogen. The formula for calculating Hsat for the general case is then given as follows, where X is the number of halogens in the molecule, and N is the number of nitrogens.




Hsat =  (2C + 2) – X + N

As an exercise, calculate IHD for C7H10ClN3O3. If you have done it correctly, you will find that IHD = 4, which means a total of 4 rings and/or pi bonds. Any rings may or may not contain the N or O, and pi bonds may be between two carbons (C=C, C(C), carbon and oxygen (C=O), carbon and nitrogen (C=N, C(N), two nitrogens (N=N), or nitrogen and oxygen (N=O). You can't tell from the IHD alone.

Guidelines for Figuring Out a Structure from the NMR Spectrum and Molecular Formula

Step 1. Calculate the IHD from the molecular formula. This will alert you to the presence or absence of rings and pi bonds in the structure. If IHD is 1 or more, check the ( values given to see if any correspond to H's attached to double bonds.

Step 2. Inspect the relative areas given and see how the total relative areas compare with the actual number of H's as shown in the molecular formula. If they are the same, you are OK. If not, this is useful information, because it is a clue that there is some kind of symmetry in the molecule that creates more than one of the same group. In that case, multiply the relative areas by an integer that will make the total come out right. For example, if you are given the information that C4H8Br2 has 2 main peaks with relative areas 1:1 (1H, 1H), you need to multiply by 4 to get 4:4 (4H, 4H) for the actual number of H's of each kind. 

Step 3. Figure out as many part-structures as you can from the spectrum. Work with any given peak, and say as much as you can about it based on its relative area, splitting pattern and chemical shift. For example, a single CH3 group will always be 3H, two methyls that are identical will be 6H, and three will be 9H. If the peak is split, you know from the N + 1 rule how many neighbors are splitting it. A methyl is often found next to a CH2 group, in which case the methyl will appear as a triplet. The chemical shift will help you decide what the methyl is attached to. Record on paper any part-structure you come up with, and proceed to the next peak.

Step 4. Look at all of your part-structures and see if they include all of the atoms in the molecular formula. If they don't, you might have something like a carbon with no H's attached. If you have a situation in which the relative areas given don't add up to the total H's present in the molecular formula, you know that some of your part-structures appear more than once.

Step 5. Put it all together. In some cases, there will be only one possible way that the part-structures can connect, and your job is done. In others, you will need to play with various possible structures until you find one that works.

Step 6. Confirm your structural assignment by inspecting your structure and predicting what its spectrum should look like. If your predicted spectrum doesn't jibe with the information given, go back and have another look.

