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10.8 CHEMICAL SHIFT 

According to the resonance onditjof. FA ti9 ). all protons stansid aterut 

etic fcld However, it 1s not the cae even unider krw ressdutik Te 

taldehyde (CH,CHO) showed two lies witinteiity ratit whereas ahano 

CH.CH.OH) showed 3 ines 1n the rati923 t1gure 1) >) Mving electrns in a mrilecule 

constitute effective currents within the molecule and this prrduces a eundary magretic 

ficld which acts in a drection oppostte to the externally applied magnetic field
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Figure 10.5 The NMR spectrum of (a) CH,CHO. (b) CH,CH,OH under low resolution 

That is, the nucleus finds itself in an effective field less than the actual field appiied 

In other words, the nucleus 1s screened by the surrounding electrons. Thus. 

Bt B, - oB, = B, (1 - o) 1035 



Nu lrar Magnet Resnanee 2855 

whei o ia dimens1onless constant called the sCreening constant or 

r:irameter. The value of a (-10 ) depends on the clectron density around the proton 

shielding 

Figure 106 illustrates the situation for a shielded spin 1/2 nucleus 
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Figure 10.6 Bare and screened, spin 1/2 nucleus in a magnetic field B, 

Acetaldehyde has two types of protons. CHO and CH, protons. The three protons in 

CH; are equivalent. Since the oxygen atom is more electronegative, the electron density 

around the proton in CHO is less than that around the CH; protons. Therefore, the screening 

is more for the methyl protons. oCHO < oCH1 For a given external field B, Bett for CHO 

proton will be greater than that for CH. Consequently. to bring CHO proton into resonance 

at a fixed frequency, a lesser magnetic field is sufficient. As a result the NMR spectrum 

of acetaldehyde shows two peaks, the CHO resonance occurring at a lower magnetic field. 

We can now view the situation in a different angle, that is, when the applied field B, is kept 

constant. At a fixed field B,. the CHO proton finds itself in a greater Bet than the CH 

protons. Therefore, a higher frequency is required to bring the CHO proton into resonance. 

The shift of the resonance line of a given compound from that of a standard reference 

sample is called the chemical shift (ð) of the compound. The absolute magnitude of the 

shift is extremely small. Let B, and B, be the magnetic fields at which resonance occurs 

for the reference and given compound/group. Then 
Bo- 

B, = Bo (1 - o,), B, = B, (1 - g,) 

B B = 6, - o, (10.36) 
Bo 

Since o, and o, are extremely small, a different unit is usually selected (in terms of field 

or frequency) for expressing the chemical shift. 

B, (reference) - B,(sanmpic) x 10" ppm 
B 

(10.37a) 

S-V,(sample) V,lererencc x 10 ppm (10.37b) 
Vo 

In general, the reference is selected in such a way that it gives the resonance at a very high 

field. This leads to a positive d in most of the cases. A different chemical shift T which is 

the one commonly used by chemists, is sometimes employed. 

T= 10.00 - 6 (10.38) 
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