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NMR Active & Inactive Nucleus 

https://www.youtube.com/watch?v=rrXA210EM94


































Instrumentation & Working 

https://www.youtube.com/watch?v=_xT1L5ikypg




















 Chemical shift  Number of  Signals  Integrals   Spin-Spin 

Coupling: Splitting of  Signals  Coupling Constant 





















Shielded & Deshielded Effect 

































































































Integration of Peak 

https://www.youtube.com/watch?v=NT9A-nLv_uY








ORIGINAL SPECTURM OF A FLAVONE 



ORIGINAL SPECTURM OF A TRITERPENOID 
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3-Oxo-olean-12(13),18(19)-dien-29-carboxylic acid (1) 









Where “n” mean neighboring Hydrogen 







































































































More about Splitting 





Standard Chemical Shift Data of PMR  



Standard Chemical Shift Data of PMR  









Calculation of Coupling Constant (J) 

https://www.youtube.com/watch?v=F9co658LMNw&t=20s




Number of Coupled Hydrogen & Their J  Value 

















• Proton NMR used for study of number of nonequivalent  

proton present in unknown compound. 

• Carbon NMR can used to determine the number of non-  

equivalent carbons and to identify the types of carbon  

atoms(methyl, methylene, aromatic, carbonyl….) which may  

present in compound. 

• 13C signals are spread over a much wider range than  

signals making it easier to identify & count individual nuclei. 

1H 

Why 13C NMR Required ?? 



CHARACTERISTIC FEATURES OF 13C NMR 

• The chemical shift of the CMR is wider(δ is 0-220ppm relative  

to TMS) in comparison to PMR(δ is 0-12ppm relative toTMS). 

13C-13C coupling is negligible because of low natural  

abundance of 13C in the compound. Thus in one type ofCMR 

spectrum(proton de coupled) each magnetically non  

equivalent carbon gives a single sharp peak that does  

undergo further splitting. 

• 

• 



CHARACTERISTIC FEATURES OF 13C NMR 

• 

• 

• 

• The area under the peak in CMR spectrum is not necessary  

to be proportional to the number of carbon responsible for the  

signal. Therefore not necessary to consider the area under  

ratio. 

Proton coupled spectra the signal for each carbon or a group  

of magnetically equivalent carbon is split by proton bonded  

directly to that carbon & the n+1 rule is follwed. 

13C nucleus is about one-fourth the frequency required to  

observe proton resonance. 

The chemical shift is greater for 13C atom than for proton due  

to direct attachment of the electronegative atom to 13C 

Gurdeep R. Chatwal, Sham K.Anand; Instrumental Methods Of Chemical Analysis,  

Enlarge edition 2002,Pg. no. 2.31-2.32 



13C Chemical Shifts 

are measured in ppm () from the carbons of TMS 

•The correlation chart is here divided into sections 

1)the saturated carbon atom which appear at Upfield,nearest  

to TMS(8-60ppm). 

2) effect of electronegative atom(40-80ppm) 

3) Alkenes and aromatic carbon atom(100-170) 

4)It contain carbonyl carbon bond. which appear at Downfield  

value(155-200ppm). 

Pavia,  Lampman,  Kriz, Vyvyan; Spectroscopy, Cengage Learning, India edition,  

2007, Pg. no. 177 



Correlation Chart 



Chemical Shift 
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 NMR 

13C NMR 

 range = 0 to 

~ 12 ppm 

13C range = 0 to 

~ 220 ppm 



13C Chemical shifts are most affected by 

• hybridization state of carbon- 

• electronegativity of groups attached to carbon- 

 
Pavia,  Lampman,  Kriz, Vyvyan; Spectroscopy, Cengage Learning, India edition,  

2007, Pg. no. 176-178 



1H and 13C NMR compared 

13C signals are spread over a much wider range than 1H signals  

making it easier to identify and count individual nuclei 

 
Figure #1 shows the 1H NMR spectrum of 1-chloropentane; 

    Figure #2 shows the 13C spectrum.It is much easier to identify  

the compound as 1-chloropentane by its 13C spectrum than by  

its 1H spectrum. 



1-Chloropentane 

ClCH2 CH3 

ClCH2CH2CH2CH2CH3 

1H 

Chemical shift (, ppm) 



1-Chloropentane 

ClCH2CH2CH2CH2CH3 

13C 

CDCl3 

a separate, distinct  

peak appears for  

each of the 5  

carbons 

Chemical shift (, ppm) 



Problems of 13C 

• Natural abundance- 
13C natural abundance is very low (1.1%). 

• Gyro magnetic ratio- 
13C nucleus gyro magnetic ratio is much  

than proton nucleus. 13C-1.404; 1H-5.585. 
lesser 

• Coupling phenomenon- 
 13C & 1H have I=1/2 so that coupling between  

them probably occur. 

Y.R.Sharma,S.Chand; Elementary Organic Spectroscopy, India edition, 

2009,Pg.  no. 71 



PROBLEMS IN NMR CAN BE OVERCOME BY 

 Fourier Transform Technique- 

 
 Decoupling Technique- 

1) Broad Band Decoupling 

2) Off Resonance Decoupling 

3) DEPT (Pulse) Decoupling 

 
 Nuclear Overhauser Phenomenon- 



• Low abundance of 13C is overcome by signal averaging and 

Fourier-transform NMR (FT-NMR) 

• Signal averaging 

• Numerous individual runs are added together and  

averaged such that random background noise cancels to  

zero and NMR signals are enhanced, substantially  

increasing sensitivity. 

Signal Averaging and FT-NMR 

7 



SIGNAL AVERAGING AND FT-NMR 

FT-NMR: (Pulse FT_NMR) 

• Sample is irradiated with entire range of useful frequencies 

13C nuclei in the sample resonate at once giving complex,  

composite signal that is mathematically manipulated by  

Fourier transforms to segregate individual signals & convert  

them to frequencies. 

• 

Advantages- 

• More sensitive- 

• Very fast- 

Pavia,  Lampman,  Kriz, Vyvyan; Spectroscopy, Cengage Learning, India edition,  

2007, Pg. no. 121 



Carbon-13 NMR spectra of pentan-1-ol. Spectrum (a) is a single run,  

showing background noise. Spectrum (b) is an average of 200 runs 

Signal Averaging and FT-NMR, Pentan-1-ol 



13C-NMR Spin-Spin Coupling 

 

C 

C 

C 

Coupling occurs but signal  

very weak, low probability 

For two adjacent 13C 

1.1% X 1.1% = 0.012% 

• 1H NMR: Splitting reveals number of H neighbours. 
          13C NMR: Limited to nuclei separated by just one sigma bond;  

no Pi bond. 

 

Coupling observed 
 

No Coupling 

No Coupling. 



Decoupling Techniques 
 



Proton or Broadband Decoupling 

a sample is irradiated with two different radiofrequencies. 

, 

These rapid transition decoupled any spin-spin interaction  

between 1H & 13C nuclei. 

 
Due to rapid change, all spin interactions are averaged to zero. 

 

 
Appear only 13C spectrum  

Disadvantage.-information on attached H is lost. 

Pavia,  Lampman,  Kriz, Vyvyan; Spectroscopy, Cengage Learning, India edition,  

2007, Pg. no. 181 

1-to excite all C  

nuclei 
2-to cause all protons 

-rapid transition 



Spectra of Ethyl phenyl acetate 



13C off-resonance decoupling 

• In this technique the 13C nuclei are split only by the protons  

directly bonded to them as a result the multiplets become  

narrow & not removed altogether as in fully decoupled  

spectra. 

• It simplifies the spectrum by allowing some of the splitting  

information to be retained. 

 The N + 1 rule applies: a carbon with N number of protons  

gives a signal with N + 1 peaks. 

P.S.Kalsi; Spectroscopy Of Organic Compounds, Sixth Edition:2004, Page no.-377 



13C off-resonance decoupled spectrum 

3 protons 

 

 

 

n+1=4 

2 protons 

 

 

 

n+1=3 

1 proton 

 

 

 

n+1=2 

0 protons 

 

 

 

n+1=1 

 
 
 
 

Methyl ‘C’ 

 
 
 
 
Methylene ‘C’ 

 
 
 
 

Methine ‘C’ 

 
 
 

 
Quaternary‘C’ 

P.S.Kalsi; Spectroscopy Of Organic Compounds, Sixth Edition:2004, Page no.-377 



13C Off-resonance decoupled spectrum 

1,2,2-trichloropropane 

P.S.Kalsi; Spectroscopy Of Organic Compounds, Sixth Edition:2004, Page no.-379 



Three stages in DEPT experiment 

DEPT 13C NMR Spectroscopy 



DEPT Spectra for isopentyl acetate 

DEPT spectra of isopentyl acetate 

CH3, CH 

CH2 

CH 

DEPT spectra of isopentyl acetate 





NUCLEAR OVERHAUSER ENHANCEMENT 

• NOE effect for heteronuclear nuclei: when one of two different  

types of atoms irradiated & NMR spectrum of other type is  

determined they show change in absorption intensities of the  

observed atom, enhancement occurred, is called nuclear  

overhauser effect & the degree of increase in the signal is called  

nuclear overhauser enhancement. 

• Effect can be either positive or negative. 

• in 13C interacting with 1H effect is positive. 

• NOE is enhancement of signals,it add in to original signal strength. 

Pavia,  Lampman,  Kriz, Vyvyan; Spectroscopy, Cengage Learning, India edition,  

2007, Pg. no. 180 



• Count how many lines- how many types of carbons 

• Symmetry duplicates give same line- if there are more  

carbons in your spectrum – symmetry 

Check chemical shift window-  

Check splitting pattern-  

Signal height size- 

• 

• 

• 

13C Interpretation 



13C Interpretation 

13C NMR spectroscopy provides information about: 

• The number of nonequivalent carbons atoms in a  

molecule 

• The electronic environment of each carbon 

• How many protons are bonded to each carbon 



HETCOR Technique 

Heteronuclear Chemical Shift Correlation : 

 
Carbon - Hydrogen 

1H and 13C spectra plotted separately on two frequency 

axes. 

Coordinates of cross peak connect signal of carbon  to protons 

that are bonded to it. 

 
 Other HETCOR technique- 

 Carbon to Deuterium 

 13C  to 19F 

 13C  to 31P 

Pavia,  Lampman,  Kriz, Vyvyan; Spectroscopy, Cengage Learning, India edition,  

2007, Pg. no. 198 



The HETCOR spectrum of 2-methyl-3-pentanone 

HETCOR: Heteronuclear Chemical Shift Correlation 

indicates coupling between protons and the carbon to  

which they are attached 



13C spectrum for butan-2-one 
• Butan-2-one contains 4 chemically nonequivalent carbon  

atoms 

• Carbonyl carbons (C=O) are always found at the low-field  
end of the spectrum from 160 to 220  

Example’s 



n-Hexane 

CH2  CH2  CH3  

CH3 CH2  CH2 

1 2 3 4 5 6 

Three different kinds of carbon atoms in n-hexane:  

C1 = C6, C2 = C5, and C3 = C4 

 
The signals in a 13C NMR are proportional to the  

relative number of carbon atoms in a structure 

William Kemp, Organic Spectroscopy, Palgrave, Third edition, 2002, Pg. no. 135-144 



n-Hexane 

35 30 25 20 15 10 5 0 
PPM 

 

n- he xa ne  

13C NMR 
2C 2C 2C 

Task: Assign the 13C signals to the  

carbon atoms of n-hexane 

CH2 CH2 CH3 

4 

CH3 CH2 CH2 

1 2 3 5 6 

C1 C2 
C3 



Predicting Chemical Shifts in 13C NMR Spectra 

 

At what approximate positions would you expect ethyl  

acrylate, H2C=CHCO2CH2CH3, to show 13C NMR  

absorptions? 

Example 



Predicting Chemical Shifts in 13C NMR Spectra 

Strategy 

• Identify the distinct carbons in the molecule, and  

note whether each is alkyl, vinylic, aromatic, or in a  

carbonyl group.then predict the value with the help  

of correlation chart. 

Worked Example 



Predicting Chemical Shifts in 13C NMR Spectra 

Solution 

 
• Ethyl acrylate has five distinct carbons: two different C=C,  

one C=O, one C(O)-C, and one alkyl C. From Correlation  
chart the likely absorptions are 

Example 





1,3-Dinitrobenzene 



1,3-Dinitrobenzene 

CMR Spectrum 



PMR Spectrum 

Salicylamide 



Salicylamide CMR Spectrum 

0 

0 

0 






































