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ABSTRACT 
NMR is one of the most versatile techniques for elucidation of structure of organic compounds. Among all 

available spectrometric methods, NMR is the only technique which offers a complete analysis and interpretation of 

the entire spectrum. Due to improved experimental technology and novel approaches, over the last decade nuclear 

magnetic resonance (NMR) has shown a tremendous progress. In this paper generally NMR spectroscopy can be 

explained in 1D (one dimension) usually this approach of 1D-NMR (1H, 13C, 15N, 19F, 31P, etc.) generates good 

information about the structure of simple organic compounds. 
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INTRODUCTION  
NMR spectroscopy was discovered after the Second World War and was developed from experiments 

performed to accurately measure the nuclear magnetogyric ratio about seventy years ago. Purcell et al. at Harvard 

and Bloch et al. at Stanford in 1945 reported the first observation of nuclear magnetic resonance in bulk matter for 

which they were jointly awarded with Nobel Prize for physics in 1952. Since then NMR applications to chemistry 

have been expanding continuously. The importance of NMR spectroscopy is paramount in the fields of organic, 

inorganic and analytical chemistry for the investigation of molecular structure and dynamics. In the recent years, 

the applications of NMR have been extended to biology and medicine, so they have also become an integral part of 

life sciences. As the objective of life sciences is to understand the mechanisms of life at molecular level, so, it has 

inspired the investigators to study the interaction between and among biomolecules, also between biomolecules and 

ligands through NMR spectroscopy. 

The technical advancement in NMR is attributed to availability of large magnetic field strengths and 

increasingly refined probes, which resulted in increased sensitivity, resolution, reduction in amount of sample for 

data collection and development of procedures for isotope labelling and structure determination of proteins. The 

investigation of size of biomolecules through NMR in solution is steadily growing method. NMR spectroscopy has 

contributed immensely to structural genomics initiatives world-wide, which aim at exploring the protein ‘fold 

space’ and making available at least one experimental structure for each family of protein sequence homologues. 

NMR spectroscopy has been a tool of great importance in identification and characterization of organic, inorganic 

and organometallic and natural products. NMR spectrometry is an analytical technique that involves placement of 

atomic nuclei in an external magnetic field, to cause generation of two spin states of unequal energy. Low energy 

spin state nuclei absorb energy of radiofrequency range to change their spin orientation with respect to applied 

magnetic field. Thereby the absorption frequencies peaks are plotted against peak intensities to offer an NMR 

spectrum. 

1D-NMR: 1H-NMR: In 1H -NMR spectroscopy, spin transitions of only hydrogen nuclei are noticed. 

Interpretation of 1H -NMR spectra can be well understood from data presented in table 1 representing different δ 

values, couplings, coupling constants and chemical shifts of 1H nuclei processing in different chemical 

environments. Commonly, δ value scale of 1H -NMR ranges from 0-10 ppm with respect to Tetra methyl silane 

(TMS) as internal standard.The chemical shift range of 1H nuclei can also be understood from a chart given in 

figure 1. 

13C-NMR: In 13C-NMR spectroscopy also transitions of only 13C nuclei are noticed. 13C -NMR spectral 

interpretation can be best understood from chart given in figure 2, representing different δ values (in ppm), 

couplings, coupling constants (in Hz) and chemical shifts of 13C nuclei processing in different chemical 

environments. Usually, δ value scale of 13C -NMR ranges from 0-220 ppm with respect to TMS as internal 

standard. 

http://www.jchps.com/


National Level Workshop on Spectroscopic Techniques in Structural Elucidation 
Journal of Chemical and Pharmaceutical Sciences                                                                                         ISSN: 0974-2115 

JCHPS Special Issue 5: 2014www.jchps.com Page 31 

15N -NMR:In case of 15N -NMR spectroscopy transitions of 15N nuclei are noticed. 15N -NMR spectral 

interpretation can be best understood from chart given in figure 3, representing different δ values. 

31p–NMR: In 31p -NMR spectroscopy only 31p nuclei are observed. 31p –NMR spectral interpretation can be best 

understood from chart given in figure 4, representing different δ values, couplings, coupling constants and chemical 

shifts of 31p nuclei processing in different chemical environments. Usually, δ value scale of 31p –nmphosphoric acid 

as internal standard. 

 

Table.1.∂ Values, couplings and coupling constants of different 1H nuclei10 

 

 

Figure.1.Chart representing 1H nuclei chemical shift due to different chemical environments 

 

 

Figure.2.Chart representing 13C nuclei chemical shift due to different chemical environments 
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 Figure.3.Chart representing 15N nuclei chemical shift due to different chemical environments 

 

 

Figure.4.Chart representing 31p nuclei chemical shift due to different chemical environments 

 
19F–NMR:In 19F-NMR spectroscopy also transitions of only 19F nuclei are noticed. 19F -NMR spectral 

interpretation can be best understood from chart given in figure 5, representing different δ values, couplings, 

coupling constants and chemical shifts of 19F nuclei processing in different chemical environments. 

 

Figure.5.Chart representing 19F nuclei chemical shift due to different chemical environments 

17O- NMR:In 17O-NMR spectroscopy involves transitions of only 17O nuclei. 17O -NMR spectral interpretation can 

be best understood from chart given in figure 11, representing different δ values, couplings, coupling constants and 

chemical shifts of 19F nuclei processing in different chemical environments. Commonly, δ value scale of 17O -

NMR ranges from 0-1200 ppm using water or dioxane as internal standards. For example 17O -NMR spectrum of 

primary, secondary and tertiary alcohol given in figure 6, shows a signal at 30, 50 and 70 ppm for 17O nuclei. 

 

 

 

Figure.6.Chart representing 17O nuclei chemical 

shift due to different chemical environments 

Figure.6.1.Chart representing 17O nuclei proton 

decoupled chemical shift due to different chemical 

environments 
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CONCLUSION 

None of the analytical technique is good or bad. All the other analytical techniques of NMR play an equally 

important role in the structural elucidation individually or in combination. 
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