
Q. a)Explain what you mean by diamagnetic shielding in 1H NMR spectroscopy?B) Deduce  an 

expression for Chemcal Shift .C)State why chemical shift values are independent of applied 

magnetic field or frequency. 

 

Ans  a)In real molecules protons are surrounded by a cloud of charge due to adjacent bonds 

and atoms. In an applied magnetic field (B0) electrons circulate and produce an induced field 

(Bi) which opposes the applied field. The effective field at the nucleus will be B = B0 − Bi. In 

this condition the nucleus is said to be experiencing a diamagnetic shielding. The electrons 

around the proton create a magnetic field that opposes the applied field. This reduces the field 

experienced at the nucleus and therefore decreases the freqency required for the absorption. 

Therefore the chemical shift (delta /ppm) will change depending on the electron density 

around the proton. Since electronegative groups decrease the electron density, there will be 

less shielding (ie. deshielding) and the chemical shift will increase. 

   

a) In nuclear magnetic resonance (NMR) spectroscopy, the  Chemical shift (δ) is defined 

as the the resonant frequency of a nucleus relative to a standard in a magnetic field. 

Often the position and number of chemical shifts are diagnostic of the structure of 

a molecule. Chemical shifts are also used to describe signals in other forms of 

spectroscopy such as photoemission spectroscopy. 

 

                                  Chemical Shift (δ) = (f samp – f ref ) / f ref 

Where f means frequency,  f samp is the NMR frequency of the nuclear species under 

investigation and f ref is the NMR frequency of a reference compound. 

The frequency difference (fsamp − fref ) is usually on the order of a few hundred to a few 

thousand Hz, while the reference frequency (fref ) is measured in MHz. The chemical shift (δ) 

is therefore a small number, expressed in units of parts per million (ppm). The suffix ppm is 

interchangeable with x10
 −6

. 

    c)There are two major factors that cause different chemical shifts (a) deshielding due to 

reduced electron density (due electronegative atoms) and (b) anisotropy (due to π 

bonds).Chemical shift is a dimensionless quantity so independent of applied magnetic field or 

frequency. 
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Q.State how many1H NMR signals will be shown by 1-choloropropane.Discuss the 

effect of spin spin coupling 

  Answer The interaction between the spins ofneighbouringnuclei in the molecule may 

causes splitting of NMR. This is called as spin spin coupling. This is related to the number of 

possible combinations of the spin orientations of the neighboring protons. 

Splitting pattern:  (how many neighboring hydrogen’s), In general, n-equivalent neighboring 

hydrogen’s will split a 
1
H signal into an (n + 1) 

 1-Chloropropane (ClCH2CH2CH3) gives rise to three signals because it contains three 

kinds of 1H: those of the ClCH2 group, those of the CH2 group in the middle of the molecule 

and those of the CH3 group. 

     In 1 H-NMR spectra, signals are split into several peaks by other H atoms that are not 

more than 3 bonds away. The signal splitting is caused by spin-spin coupling between 

adjacent nuclei. Signal splitting allows the determination of how different functional groups 

are connected in a molecule, because atoms of only adjacent functional groups can split each 

other. The general rule is that a signal will be split into n + 1 peaks if there are n H atoms 

three bonds away. For example, the signal for an H atom with 2 H atoms that are three bonds 

away will be split into 2 + 1 = 3 peaks. The three peaks will appear in relative size ratios of 

1:2:1, in accord with Pascal’s triangle . Three adjacent H atoms would split a signal into 4 

peaks of relative ratios 1:3:3:1, and so on. Two H atoms on the same C atom will not split 

each other if that C atom is freely rotating and sp3 hybridized, because the rapid bond 

rotation means that, on average, the two H atoms see the same chemical environment. These 

two H atoms are said to be equivalent and give rise to only one signal in an NMR spectrum, 

with an area that integrates to a relative value of 2 H atoms.  

       The 100 MHz spectrum for 1-chloropropane, Cl–CH2-CH2-CH3, is shown in Figure 1. 

The central –CH2- of 1-chloropropane, labeled as “b” in Figure 1, is indeed split into 6 peaks 

and integrates to a relative value of 2 H atoms. Similarly, the signal for the –CH2- bonded to 

Cl, labeled as “a” in Figure 1, is spit into 2 + 1 = 3 peaks and integrates to 2 H atoms. The 

signal for the –CH3 , labeled as “c”, is split into 2 + 1 = 3 peaks and integrates to 3 H atoms. 

The signals are expanded and plotted as insets on the spectrum to clarify the splitting 

patterns. 

  The signal for the –CH2- group attached to the electronegative Cl atom, labeled as “a”, 

appears at a higher chemical shift (referred to as being downfield) compared to the other 



signals. Being closer to an electronegative atom, there is less electron density around the “a” 

H atoms. Recall from the discussion above that less electron density means less shielding and 

therefore a stronger magnetic field at the nucleus and a higher frequency required for 

resonance 

 

 

   

 

 

 

 

 

 

 

 

 

Q. Of CH3F and CH3Br state protons of which compound will show resonance at more 

downfall comared to the protons of other compounds. Write down the reason behind 

your answer. 

 Answer: Nuclei in a region of high electron density are more shielded from the applied field 

than those in regions of lower electron density. If inductive effects present in a molecule 

reduce the electron density in the hydrogen 1s orbital, dishielding (shift to higher frequencies) 

is expected. 

 

CH3F              CH3Cl                       CH3Br                             CH3I                             CH3H 

  

4.13 ppm       2.84 ppm                  2.45ppm                         1.98 ppm                        0.1 

(Chemical shift) 

 

4.0                     3.0                              2.8                                  2.5                                     2.1 

Electronegativty 

 

 

a 

b 

c 



CH3F show more downfall compared to CH3Br proton as F is more electronegative than 

Br,reduce the electron density in hydrogen 1s orbital. Dishielding increases with increasing 

electronegativity of atom or the electronegativity of increases the chemical shift, δ increases. 

 

Q.Why do protons in different chemical environments show resonance at different 

magnetic fields. Explain taking the example with chloroethane.Discuss what is mean by 

chemical shift 

       Answer   Protons in different chemical environments show resonance at different 

magnetic fields s because the magnetic fields of each H atom can interact with the magnetic 

field of other H atoms. The interaction is only important (i.e. leading to spin-spin splitting) 

when the H atoms are "chemically different" from one another . For example choloroethane 

ClCH2CH3 

 

 

 

 

 

 

 

 

 

1-chloroethane, Cl-CH2-CH3, is shown in Figure . The signal for the –CH2- bonded to Cl, 

split into 3 + 1 = 4 peaks(quartet) ratio 1:3:3:1 .The signal for the –CH3 , is split into 2 + 1 = 

3 peaks ratio 1:2:1(triplet) and integrates to 3 H atoms. The signals are expanded and plotted 

as insets on the spectrum to clarify the splitting patterns. 

  The signal for the –CH2- group attached to the electronegative Cl atom appears at a higher 

chemical shift (referred to as being downfield) compared to the other signals. Being closer to 

an electronegative atom, there is less electron density around the H atoms, that less electron 

density means less shielding and therefore a stronger magnetic field at the nucleus and a 

higher frequency required for resonance 

 In nuclear magnetic resonance (NMR) spectroscopy, the  Chemical shift (δ) is 

defined as the the resonant frequency of a nucleus relative to a standard in a magnetic field. 

Often the position and number of chemical shifts are diagnostic of the structure of 

https://en.wikipedia.org/wiki/Nuclear_magnetic_resonance
https://en.wikipedia.org/wiki/Resonance
https://en.wikipedia.org/wiki/Atomic_nucleus


a molecule. Chemical shifts are also used to describe signals in other forms of spectroscopy 

such as photoemission spectroscopy. 

 

                                  Chemical Shift (δ) = (f samp – f ref ) / f ref 

Where f means frequency,  f samp is the NMR frequency of the nuclear species under 

investigation and f ref is the NMR frequency of a reference compound. 

The frequency difference (fsamp − fref ) is usually on the order of a few hundred to a few 

thousand Hz, while the reference frequency (fref ) is measured in MHz. The chemical shift (δ) 

is therefore a small number, expressed in units of parts per million (ppm). The suffix ppm is 

interchangeable with x10
 −6

. 

 

 

Q. Consider the two 1H NMR signals shown by CH3OH . Explain which protons will 

show resonance at downfied compared to other if the energy of the radiation is kept 

constant and the magnetic field is swipt.  

 Answer 
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For a molecule as simple as methanol,there are two signals. The integrations alone tell us the 

signal at near 5.5 ppm is due to the –OH of methanol and the 3H singlet at 3.4 ppm is due to 

the CH3 of methanol.  

    The signal for the OH methanol split into 3 + 1 = 4 peaks(quartet) ratio 1:3:3:1.The signal 

for the –CH3 , is split into 1 + 1 = 2 peaks ratio 1:1(doublet) due to spin-spin coupling. CH3 

proton will show signal at downfall and the peak split into the quartet. 

 

 Q.Consider 1H NMR of fllowing compounds 

1.Cl2CHCH2Cl   2.ClCH2CH2Cl. How many signals are shown by each of the 

compounds? Which protons will show resonance at the highest downfall and why? 

Explain in which of the compounds spin spin coupling will be observed and show 

schematically the splitting of the signals. 

Answer 

 

 

 

 

 

 

 

 

 

 

Compound 1 shows 2 signals and compound 2 shows 1 signals. 

Compound 1 shows resonance at the highest downfall compared to compound 2 as in 

compound 1 more number of  electronegative Cl atoms are there. 

In compound 1 spin-spin coupling will be observed and shown in figure 1 schematically the 

splitting of the signals.  

There are two signals, one splited to  2 + 1 = 3 peaks(triplet) ratio 1:2:1 for Ha proton. The 

other signals splitted into 1 + 1 = 2 peaks(doublet) for Hb proton  ratio 1:1 due to spin spin 

coupling. 
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