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Hz range (for a 100 MHz rf frequency, 42 ppm is 4,200 Hz). Most organic compounds exhibit proton resonances that fall within a 12

ppm range (the shaded area), and it is therefore necessary to use very sensitive and precise spectrometers to resolve structurally

distinct sets of hydrogen atoms within this narrow range. In this respect it might be noted that the detection of a part-per-million

difference is equivalent to detecting a 1 millimeter difference in distances of 1 kilometer.

Chemical Shift

Unlike infrared and uv-visible spectroscopy, where absorption peaks are uniquely located by a frequency or wavelength, the location of

different nmr resonance signals is dependent on both the external magnetic field strength and the rf frequency. Since no two magnets

will have exactly the same field, resonance frequencies will vary accordingly and an alternative method for characterising and

specifying the location of nmr signals is needed. This problem is illustrated by the eleven different compounds shown in the following

diagram. Although the eleven resonance signals are distinct and well separated, an unambiguous numerical locator cannot be directly

assigned to each.

One method of solving this problem is to report the location of an nmr signal in a spectrum relative to a reference signal from a

standard compound added to the sample. Such a reference standard should be chemically unreactive, and easily removed from the

sample after the measurement. Also, it should give a single sharp nmr signal that does not interfere with the resonances normally

observed for organic compounds. Tetramethylsilane, (CH3)4Si, usually referred to as TMS, meets all these characteristics, and has

become the reference compound of choice for proton and carbon nmr.

Since the separation (or dispersion) of nmr signals is magnetic field dependent, one additional step must be taken in order to provide

an unambiguous location unit. This is illustrated for the acetone, methylene chloride and benzene signals by clicking on the previous

diagram. To correct these frequency differences for their field dependence, we divide them by the spectrometer frequency (100 or 500

MHz in the example), as shown in a new display by again clicking on the diagram. The resulting number would be very small, since we

are dividing Hz by MHz, so it is multiplied by a million, as shown by the formula in the blue shaded box. Note that !ref is the resonant

frequency of the reference signal and !samp is the frequency of the sample signal. This operation gives a locator number called the

Chemical Shift, having units of parts-per-million (ppm), and designated by the symbol !   Chemical shifts for all the compounds in the

original display will be presented by a third click on the diagram.

The compounds referred to above share two common characteristics:

• The hydrogen atoms in a given molecule are all structurally equivalent, averaged for fast conformational equilibria. 

• The compounds are all liquids, save for neopentane which boils at 9 °C and is a liquid in an ice bath.

The first feature assures that each compound gives a single sharp resonance signal. The second allows the pure (neat) substance to

be poured into a sample tube and examined in a nmr spectrometer. In order to take the nmr spectra of a solid, it is usually necessary


