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5.12: 13-C NMR Spectroscopy
The carbon-12 nucleus does not have a nuclear spin, but the carbon-13 ( C) nucleus does due to the presence of an unpaired
neutron. Carbon-13 nuclei make up approximately one percent of the carbon nuclei on earth. Therefore, carbon-13 NMR
spectroscopy will be less sensitive (have a poorer SNR) than hydrogen NMR spectroscopy. Therefore, only the few 13C nuclei
present resonate in the magnetic field, although this can be overcome by isotopic enrichment of e.g. protein samples. In addition,
the gyromagnetic ratio (6.728284 107 rad T  s ) is only 1/4 that of H, further reducing the sensitivity. The overall signals of C
is about 4 orders of magnitude lower than H.

Chemical Shifts 
As with proton NMR, the chemical shift reference standard for C is the carbons in tetramethylsilane (TMS), whose chemical shift
is set to 0.0 ppm.

Chemical shift depends on the net magnetic field felt by the nuclei (H,C). The net magnetic field, in turn, depends upon the
electron density possessed by the particular atom (Shielding constant). In the case of hydrogen, there is just a single electron
and by coordination with others (H-F, CH3-F etc) leads to the slight change in electron density around the hydrogen nuclei,
therefore, results in the small range of chemical shift. However, carbon having six electrons, being tetravalent, as well as
attached to diverse functionalities leads to the considerable change in electron density around the carbon nuclei thereby,
possess broader range of chemical shift values.

This is a simple example of a C-13 NMR spectrum. do not worry about the scale for now - we'll look at that in a minute.
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The NMR spectra on this page have been produced from graphs taken from the Spectral Data Base System for Organic
Compounds (SDBS) at the National Institute of Materials and Chemical Research in Japan. It is possible that small errors may
have been introduced during the process of converting them for use on this site, but these won't affect the argument in any way.

There are two peaks because there are two different environments for the carbons. The carbon in the CH  group is attached to 3
hydrogens and a carbon. The carbon in the CH  group is attached to 2 hydrogens, a carbon and an oxygen. The two lines are in
different places in the NMR spectrum because they need different external magnetic fields to bring them in to resonance at a
particular radio frequency.

This is the C-13 NMR spectrum for 1-methylethyl propanoate (also known as isopropyl propanoate or isopropyl propionate).

This time there are 5 lines in the spectrum. That means that there must be 5 different environments for the carbon atoms in the
compound. Is that reasonable from the structure?

Well - if you count the carbon atoms, there are 6 of them. So why only 5 lines? In this case, two of the carbons are in exactly
the same environment. They are attached to exactly the same things. Look at the two CH  groups on the right-hand side of the
molecule.

You might reasonably ask why the carbon in the CH3 on the left is not also in the same environment. Just like the ones on the
right, the carbon is attached to 3 hydrogens and another carbon. But the similarity is not exact - you have to chase the similarity
along the rest of the molecule as well to be sure.

The carbon in the left-hand CH  group is attached to a carbon atom which in turn is attached to a carbon with two oxygens on
it - and so on down the molecule. That's not exactly the same environment as the carbons in the right-hand CH  groups. They
are attached to a carbon which is attached to a single oxygen - and so on down the molecule.

Heteronuclear Coupling 
Many organic molecules contain H as only NMR active nucleus and observed couplings are accordingly those between
neighboring protons, the situation is more complex if other high abundance I = 1/2 nuclei are present (e.g., C, F and P). The
below spectrum is a H broadband decoupled C spectrum (shorthand notation: C { H }) of trifluoroacetic acid that shows
"hydrogen like " coupling (two quartets).
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Quadrupolar nuclei (e.g., H) can also couple to I=1/2 nuclei, but is usually detected by measuring the quadrupolar nucleus, but
rarely by measuring the I=1/2 nucleus (lifetime, T , issue). J =1/2 to J =1/2 is generally observed unless fast exchange disrupts the
bond (loss of through-bond coupling)

N NMR Spectrum of ammonium ions (a) and Hg NMR spectrum of di-tert-butylmercury (b); Spectrometer frequency 4.33 and
14.3 MHz. b: only 11 of the 19 expected lines are actually observed.

J-coupling constants between carbon and hydrogen are typically from 100 to 250 Hz. To suppress these couplings, which would
otherwise complicate the spectra and further reduce sensitivity, carbon-13 NMR spectra are often "proton decoupled" to remove the
signal splitting. Typically, C- C couplings can be ignored due to the low natural abundance of C (unless specifically
synthesized that way in the lab). Hence in contrast to typical proton NMR spectra which show multiplets for each proton position,
carbon NMR spectra typically show a single peak for each chemically non-equivalent carbon atom.

5.12: 13-C NMR Spectroscopy is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by LibreTexts.
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