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Interpreting & Explaining Carbon-13 NMR Spectroscopy

Interpreting & Explaining Carbon-13 NMR Spectra

= NuclearMagnetic Resonance (NMR) spectroscopy is used for analysing organic compounds
= Atoms with odd mass numbers usually show signals on NMR
= Forexampleisotopes of atoms
= Many of the carbon atoms on organic molecules are carbon-12
= Asmall quantity of organic molecules will contain the isotope carbon-13 atoms
= These will show signals ona¥C NMR
= InBCNMR, the magnetic field strengths of carbon-13 atoms in organic compounds are measured and
recorded onaspectrum
= Justasin'HNMR, all samples are measured against areference compound - Tetramethylsilane (TMS)
= Ona'>*C NMRspectrum, non-equivalent carbon atoms appear as peaks with different chemical shifts

Chemical shift values (relative to TMS) for '>*C NMR analysis table

Hybridisation of carbon = Environment of carbon el Range of chemical shift

atom atom (ppm)
sp? alkyl CHz-, CH,-,CH-, -C- 0-50
sp3 next to alkene / arene -C-C=C,-C-Ar* 25-50
sp? ”eth:rzac::jny' / C-COR,C-CO,R 30-65
sp3 next to halogen Cc-X 30-60
sp3 next to oxygen c-O 50-70
sp? alkene / arene -C=C-, -Ar*- 110 -160
sp? carboxyl R-COOH,R-COOR 160 -185
sp? carbonyl R-CHO,R-CO-R 190 -220
sp nitrile R-C = N- 100-125

*represents abenzenering

Features of a'>*C NMR spectrum

= BC NMR spectradisplay sharp single signals
= Therearen’'t any complicated spitting patterns as seen with 'H NMR spectra

= The height of each signalis not proportional to the number of carbon atoms presentin a single
molecular environment
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= CDClsisusedas asolvent to dissolve samples for1*C NMR ,
= Onspectra, asingle solvent peak appears at 80 ppm caused by '3C atoms in the CDCI
= This canbeignored wheninterpreting '3C spectra Your notes

Explaining '*C molecular environments

= Onanorganic molecule, the carbon-13 environments can be identified in a similar way to the proton
environmentsin'TH NMR
= Forexample, propanone
Identifying molecular environments in propanone

BOTH —-CH; GROUPS ARE
IN THE SAME ENVIRONMENT

There are 2 molecular environments in propanone

= There are 2 molecularenvironments

= Therefore, 2 signals will be present on its '*C NMR spectrum
= The carbonyl carbon will produce a '*C peak in the range of 190 - 220 ppm
The 2 methyl groups will produce a '*C peak in the range of 30 - 65 ppm

Carbon-13 NMR spectrum for propanone
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The 3C NMR of propanone shows 2 signals for the 2 molecular environments
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Predicting Carbon-13 NMR Spectra

Predicting Carbon-13 NMR Spectra

Predicting 'C molecular environments

= Thekeyto carbon-13NMR spectroscopy is identifying different carbon environments
= |tcanhelptolook forsymmetryinthe molecules
= Forexample, propanol
= There are 2isomers of propanol: propan-1-ol and propan-2-ol
= Since bothisomers contain 3 carbons, the maximum possible number of BC NMR peaks is 3
= Propan-1-ol
= Thereis no symmetry or equivalent carbonsin a molecule of propan-1-ol
= Therefore, there will be 3 peaks in the 13C NMR spectrum of propan-1-ol
= Propan-2-ol
= Thereisaline of symmetry through the second carbon with the hydroxyl / OH group attached
= This means that the CHz groups on either side are equivalent
= Therefore, there will be 2 peaks in the 3C NMR spectrum of propan-2-ol
Identifying molecular environments in propanol

| PROPAN—1-0L | [PROPAN-2-0L |
H H H H OH H

IGIGE RIGIGE
H H OH H OH H
SYMMETRY

Propan-1-ol has no symmetry / equivalent carbons in its structure, while propan-2-ol has symmetry
and, therefore, 2 equivalent carbons

= Forexample, pentane-1,4-diol
= Since pentane-1,4-diol contains 5 carbons, the maximum possible number of ¥C NMR peaks is 5
= There are 2 carbons with hydroxyl / OH groups attached but these are not equivalent
= Carbon-1is CH,OH with a neighbouring CH,
= Carbon-4is CHOH with a neighbouring CH, and a neighbouring CH+
= This means that there is no symmetry within the molecule and, therefore, no equivalent
carbons
= So, there willbe 5 peaks inthe 13C NMR spectrum of pentane-1,4-diol
Identifying molecular environments in pentane-1,4-diol

Page 5of7

© 2015-2025 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

s

Your notes


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

|PENTANE—1,4-DIOL |

H P SE RS

il |
. B+
|

H OHH H OH

Pentane-1,4-diol has no symmetry / equivalent carbons in its structure

= The same principle of carbon environments also applies to aromatic compounds
= Forexample, benzene
» Since benzene contains 6 carbons, the maximum possible number of '*C NMR peaks is 6
= The benzene molecule has several lines of symmetry leading to the fact that all of the carbons are
equivalent
= S0, there willbe 1peakin the '*C NMR spectrum of benzene
Identifying molecular environments in benzene
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Benzene has symmetry / equivalent carbons in its structure

O ExaminerTip

= Counting the number of 3C resonances should be the first step in analysing a spectrum

= Forexample,itis possible to differentiate the three isomers of dihydroxybenzene quickly be
considering the symmetry of the molecules and therefore the number of resonances expectedin
their spectra.
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@ Worked example
Predict the number of peaks / resonances in the 13C spectrum of 1,3-dihydroxybenzene.
Answer:

= There are 4 chemical environments
= Therefore, there will be four peaks / resonancesinthe 3C spectrum

OH

1,3-DIHYDROXYBENZENE

(4 CHEMICAL ENVIRONMENTS) 1,3-DIHYDROXYBENZENE

Attt
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