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REVIEW OF DATA OF C-13 NMR TECHNIQUE 

NAGHAM MAHMOOD ALJAMALI 

Organic Chemistry, Chemistry Department, College of Education, Iraq 

 

ABSTRACT 

This review article explains some principles for 13C.NMR spectrophotometer and determines carbon atoms of 

compounds, diagnoses and characterizes compounds via structures of compounds. It is good method to identify any 

chemical compound. 
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INTRODUCTION 

Take a close look at three13C NMR spectra below. The13C NMR spectrum for ethanol 

 

Figure 1 

Table 1 

Note 

The nmr spectra 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. 

 

Remember that each peak identifies a carbon atom in a different environment within the molecule. In this case 

there are two peaks because there are two different environments for the carbons. The carbon in the CH3 group is attached 

to 3 hydrogens and a carbon. The carbon in the CH2 group is attached to 2 hydrogens, a carbon and an oxygen. So which 

peak is which? 

You might remember from the introductory page that the external magnetic field experienced by the carbon nuclei 

is affected by the electro negativity of the atoms attached to them. The effect of this is that the chemical shift of the carbon 

increases if you attach an atom like oxygen to it. That means that the peak at about 60 (the larger chemical shift) is due to 
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the CH2 group because it has a more electronegative atom attached. 

Table 2 

Note 

In principle, you should be able to work out the fact that the carbon attached to the oxygen 
 Will have the larger chemical shift. In practice, you always work from tables of  
Chemical shift values for different groups (see below). 
What if you needed to work it out? The electronegative oxygen pulls electrons away  
From the carbon nucleus leaving it more exposed to any external magnetic field. That means 
 that you will need a smaller external magnetic field to bring the nucleus into the resonance 
 Condition than if it was attached to less electronegative things. The smaller the magnetic  
Field needed, the higher the chemical shift. 

 

A table of typical chemical shifts in C-13 NMR spectra 

Table 3 

Carbon Environment Chemical Shift (Ppm) 

C=O (in ketones) 205 - 220 

C=O (in aldehydes) 190 - 200 

C=O (in acids and esters) 170 - 185 

C (in aromatic rings) 125 - 150 

C=C (in alkenes) 115 - 140 

RCH2OH 50 - 65 

RCH2Cl 40 - 45 

RCH2NH2 37 - 45 

R3CH 25 - 35 

CH3CO- 20 - 30 

R2CH2 16 - 25 

RCH3 10 - 15 

 

In the table, the "R" groups won't necessarily be simple alkyl groups. In each case there will be a carbon atom 

attached to the one shown in red, but there may well be other things substituted into the "R" group. 

If a substituent is very close to the carbon in question, and very electronegative, that might affect the values given in the 

table slightly. 

For example, ethanol has a peak at about 60 because of the CH2OH group. No problem! It also has a peak due to 

the RCH3 group. The "R" group this time is CH2OH. The electron pulling effect of the oxygen atom increases the chemical 

shift slightly from the one shown in the table to a value of about 18. 

A simplification of the table: 
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Table 4 

Carbon Environment Chemical Shift (Ppm) 

C-C 0 - 50 

C-O 50 - 100 

C=C 100 - 150 

C=O 150 - 200 

 
This may, of course, change and other syllabuses might want something similar. The only way to find out is to 

check your syllabus, and recent question papers to see whether you are given tables of chemical shifts or not. 

Table 5 

Example: 3-Buten-2-One 

The 13C NMR spectrum for but-3-en-2-one. This is also known as 3-buten-2-one  
(among many other things!) 

 

Figure 
Here is the structure for the compound: 

 
You can pick out all the peaks in this compound using the simplified table above. 

• The peak at just under 200 ppm is due to a carbon-oxygen double bond. The two peaks at 137 ppm and 129 
ppm are due to the carbons at either end of the carbon-carbon double bond. And the peak at 26 is the methyl 
group which, of course, is joined to the rest of the molecule by a carbon-carbon single bond. If you want to 
use the more accurate table, you have to put a bit more thought into it - and, in particular, worry about the 
values which do not always exactly match those in the table! 

• The carbon-oxygen double bond in the peak for the ketone group has a slightly lower value than the table 
suggests for a ketone. There is an interaction between the carbon-oxygen and carbon-carbon double bonds 
in the molecule which affects the value slightly. This isn't something which we need to look at in detail for 
the purposes of this topic. 

• You must be prepared to find small discrepancies of this sort in more complicated molecules - but do not 
worry about this for exam purposes at this level. Your examiners should give you shift values which exactly 
match the compound you are given. 

• The two peaks for the carbons in the carbon-carbon double bond are exactly where they would be expected 
to be. Notice that they aren't in exactly the same environment, and so do not have the same shift values. The 
one closer to the carbon-oxygen double bond has the larger value. 

• And the methyl group on the end has exactly the sort of value you would expect for one attached to C=O. 
The table gives a range of 20 - 30, and that's where it is. 

• One final important thing to notice. There are four carbons in the molecule and four peaks because they are 
all in different environments. But they aren't all the same height. In C-13 NMR, you cannot draw any 
simple conclusions from the heights of the various peaks. 
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Table 6 

Example 1: C-13 NMR Spectrum For 1-Methylethyl Propanoate 

1-methylethyl propanoate is also known as isopropyl propanoate or isopropyl propionate. 

 

Figure 
Here is the structure for 1-methylethyl propanoate: 

 
Two simple peaks 
There are two very simple peaks in the spectrum which could be identified easily from the second  
table above. 
The peak at 174 is due to a carbon in a carbon-oxygen double bond. (Looking at the more  
detailed table, this peak is due to the carbon in a carbon-oxygen double bond in an acid or ester.) 
The peak at 67 is due to a different carbon singly bonded to an oxygen. Those two peaks are  
therefore due to: 

 

Figure 
If you look back at the more detailed table of chemical shifts, you will find that a carbon singly 
 bonded to an oxygen has a range of 50 - 65. 67 is, of course, a little bit higher than that. 
As before, you must expect these small differences. No table can account for all the fine  
differences in environment of a carbon in a molecule. Different tables will quote slightly 
different ranges. At this  
level, you can just ignore that problem! 
Before we go on to look at the other peaks, notice the heights of these two peaks we've been  
talking about. They are both due to a single carbon atom in the molecule, and yet they have  
different heights. Again, you can't read any reliable information directly from peak heights in  
these spectra. 
The Three Right-Hand Peaks 
From the simplified table, all you can say is that these are due to carbons attached to other 
 carbon atoms by single bonds. But because there are three peaks, the carbons must be 
In three different environments. 
The easiest peak to sort out is the one at 28. If you look back at the table, that could well be  
a carbon attached to a carbon-oxygen double bond. The table quotes the group as CH3CO−,  
but replacing one of the hydrogens by a simple CH3 group won't make much difference to the  
shift value. 
The right-hand peak is also fairly easy. This is the left-hand methyl group in the molecule. It is  
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Attached to an admittedly complicated R group (the rest of the molecule). It is the bottom  
Value given in the detailed table. 
The tall peak at 22 must be due to the two methyl groups at the right-hand end of the  
Molecule - because that's all that's left. These combine to give a single peak because they are  
Both in exactly the same environment. 
If you are looking at the detailed table, you need to think very carefully which of the  
Environments you should be looking at. Without thinking, it is tempting to go for the  
R2CH2 with peaks in the 16 - 25 region. But you would be wrong! 
The carbons we are interested in are the ones in the methyl group, not in the R groups.  
These carbons are again in the environment: RCH3. The R is the rest of the molecule. 
The table says that these should have peaks in the range 10 - 15, but our peak is a bit higher.  
This is because of the presence of the nearby oxygen atom. Its electronegativity is pulling  
electrons away from the methyl groups - and, as we've seen above, this tends to increase  
The chemical shift slightly. 

 

Working Out Structures from C-13 NMR Spectra 

So far, we have just been trying to see the relationship between carbons in particular environments in a molecule 

and the spectrum produced. We've had all the information necessary. Now let's make it a little more difficult - but we'll 

work from much easier examples! In each example, try to work it out for yourself before you read the explanation. 

How could you tell from just a quick look at a C-13 NMR spectrum (and without worrying about chemical shifts) 

whether you had propanone or propanal (assuming those were the only options)? 

 

Figure 2 

Because these are isomers, each has the same number of carbon atoms, but there is a difference between the 

environments of the carbons which will make a big impact on the spectra. 

In propanone, the two carbons in the methyl groups are in exactly the same environment, and so will produce only 

a single peak. That means that the propanone spectrum will have only 2 peaks - one for the methyl groups and one for the 

carbon in the C=O group. However, in propanal, all the carbons are in completely different environments, and the spectrum 

will have three peaks 
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Table 7 

Example 2: C4H10 

There are four alcohols with the molecular formula C4H10. 

 

Figure  
Which one produced the C-13 NMR spectrum below? 

 

Figure  
You can do this perfectly well without referring to chemical shift tables at all. 
In the spectrum there are a total of three peaks - that means that there are only three different environments for 
the carbons, despite there being four carbon atoms. 
In A and B, there are four totally different environments. Both of these would produce four peaks. 
In D, there are only two different environments - all the methyl groups are exactly equivalent. D would only 
produce two peaks. 
That leaves C. Two of the methyl groups are in exactly the same environment - attached to the rest of the 
molecule in exactly the same way. They would only produce one peak. With the other two carbon atoms, that 
would make a total of three. The alcohol is C. 

 

Table 8 

Example 3 

This follows on from Example 2, and also involves an isomer of C4H10 but which isn't an alcohol. Its C-13 NMR 
spectrum is below. Work out what its structure is. 

 

Figure 
Because we do not know what sort of structure we are looking at, this time it would be a good idea to look at the shift 
values. The approximations are perfectly good, and we will work from this table: 

 



Review in Data of  C-13 Nmr Technique                                                                                                                    37 

  
editor@tjprc.org                                                                                                                                               www.tjprc.org 

Table  

Carbon Environment Chemical Shift (Ppm) 

C-C 0 - 50 

C-O 50 - 100 

C=C 100 - 150 

C=O 150 - 200 

There is a peak for carbon(s) in a carbon-oxygen single bond and one for carbon(s) in a carbon-carbon single bond. That 
would be consistent with C-C-O in the structure. 
It is not an alcohol (you are told that in the question), and so there must be another carbon on the right-hand side of the 
oxygen in the structure in the last paragraph. The molecular formula is C4H10O, and there are only two peaks. The only 
solution to that is to have two identical ethyl groups either side of the oxygen. The compound is ethoxyethane (diethyl 
ether), CH3CH2OCH2CH3. 

 

Table 9 

Example 4 

Using the simplified table of chemical shifts above, work out the structure of the compound with the following 
C-13 NMR spectrum. Its molecular formula is C4H6O2. 

 

Figure 
Let's sort out what we've got. 

• There are four peaks and four carbons. No two carbons are in exactly the same environment. 
• The peak at just over 50 must be a carbon attached to an oxygen by a single bond. 
• The two peaks around 130 must be the two carbons at either end of a carbon-carbon double bond. 
• The peak at just less than 170 is the carbon in a carbon-oxygen double bond. 

Putting this together is a matter of playing around with the structures until you have come up with something 
reasonable. But you can't be sure that you have got the right structure using this simplified table. In this particular 
case, the spectrum was for the compound: 

 

Figure 
If you refer back to the more accurate table of chemical shifts towards the top of the page, you will get some 
better confirmation of this. The relatively low value of the carbon-oxygen double bond peak suggests an ester or 
acid rather than an aldehyde or ketone. 
It can't be an acid because there has to be a carbon attached to an oxygen by a single bond somewhere - apart 
from the one in the -COOH group. We've already accounted for that carbon atom from the peak at about 170. If it 
was an acid, you would already have used up both oxygen atoms in the structure in the -COOH group. 
Without this information, though, you could probably come up with reasonable alternative structures. If you were 



38                                                                                                                                                                          Nagham Mahmood Aljamali 

  
c.orgeditor@tjpr                                                                                                                                               www.tjprc.org 

working from the simplified table in an exam, your examiners would have to allow any valid alternatives. 

 

How : Measuring 13C NMR Spectra 
The low natural abundance of the NMR active isotope of carbon, 13C, makes the measurement and interpretation 
of carbon NMR spectra a considerably different process than measurement and analysis of proton NMR spectra. 
 13C6 I = ½ Natural abundance: 1.1% 
 12C6 I = 0 Natural abundance: 98.9% 
Spectrometer Frequency: 

 
Sensitivity 
The low natural abundance of 13C has three principal consequences: 

• It can be much more time-consuming to obtain 13C than 1H NMR spectra, especially if quantities or 
solubility is limited. Whereas an 1H spectrum on 1 mg of a typical organic compound can usually be 
obtained in 15-30 minutes of spectrometer time, it might take several hours to obtain a much lower 
quality 13C spectrum on the same sample. This is because, in addition to the 1% natural abundance 
of 13C (vs >99% for 1H), the Boltzman population difference between the α and β states is smaller (the 
enery gifference is only 1/4 as large), and the weaker magnetic dipole makes signals inherently harder 
to detect. Thus, unless your compound does not have useful 1H signals, you will usually measure many 
more 1H than 13C NMR spectra. 

 Inherent sensitivity: 1.59% (1H = 100). Sens. = (γC/γH)3 
 Actual sensitivity: 0.017% (1/5700) 

• The effects of 13C nuclei on spectra of other nuclei (e.g., 1H, 19F, 31P) are very minor. Each proton signal 
is surrounded by 13C satellites separated by 1JC-H (typically 120-150 Hz), each with an intensity of 0.5% 
of the central peak. The central peak arises from the 98.9% of 12C which is NMR transparent. The 13C 
satellites can be readily detected for sharp peaks. In addition to being useful for measuring proton-
carbon couplings, these satellites can sometimes be used for measurement of JHH between equivalent 
protons. 

• Coupling between carbons (JCC) is not usually observed, because two adjacent 13C nuclei occur in only 
1.1% of the carbons. There are thus 13C satellites on the carbon peaks (each about 0.5% of the intensity 
of the main peak), in the same way that there are 13C satellites on proton spectra. The couplings can be 
measured directly with some difficulty by accumulating many scans on a very concentrated sample, but 
a better way is to use one of the multi-pulse 2D experiments (e.g., INADEQUATE) which nulls the 
central peaks due to adjacent 12C atoms. Even so, large samples and long acquisition times are required. 

Decoupling 
Most 13C NMR spectra are very complex. The methyl carbon of an ethoxy group will appear as a large quartet, 
with each line further split into triplets. Even in fairly simple molecules each carbon may be coupled to a number 
of different protons. In complicated molecules, these multiplets overlap badly, and may be impossible to analyze. 
 1JCH = 100-250 Hz 2,3JCH = 2-10 Hz 
To simplify 13C spectra, we usually use some form of broadband decoupling (noise decoupling) to remove the 
effect of proton couplings. This also dramatically increases signal intensity, since now all carbons appear as 
singlets (assuming absence of other spin 1/2 nuclei like 31P or 19F). The increase is actually greater by a factor of 
2-3 than would be predicted on the basis of simply combining the 13C multiplet intensities because the Nuclear 
Over hauser Effect causes additional increases in signal intensity.  m 
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Figure 
Figure 6-1.1. 75.4 MHz 13C NMR spectrum of isobutyrophenone in CDCl3. Identify all of the C-H couplings in 
the expansions of the coupled spectrum. Assume the coupling within the aromatic ring follow those given for 
benzene itself. Note that the very closely spaced ortho and meta carbons can be assigned based on 
the 3JCH couiplings observed. 

 

Figure 
Figure 6-1.2. 25 MHz 13C NMR spectrum of diphenyl selenide in CDCl3. 
Figure 6-1.2 shows the fully coupled and decoupled 13C NMR spectra of diphenyl selenide. Although the 
large 1JC-H splittings are easy to identify, the fine structure of the individual multiplets is not first order (e.g., only 
the para carbon has an approximately centrosymmetric pattern, the others do not). This is because we are looking 
at the X part of an AA'BB'CX  pattern (^JABC^j are protons, X is carbon). Since the AA'  and BB'  parts are 
strongly coupled, we see the usual complex effects of "virtual coupling" on the X resonance (see Section 5-
15, Section 5-16). When noise {1H} decoupling is applied, the spectrum becomes much more intense, and only 4 
lines remain, one for each carbon. 
 In this compound we have a second magnetically active nucleus (77Se, natural abundance 7.5%, I = 1/2), so 
each of the 13C peaks has 77Se satellites, although coupling between C-4 and the selenium is too small to detect 
(the satellites are under the main peak). 
Attached Proton Tests 
The disadvantage of obtaining fully decoupled spectra is that all information about how many protons are 
coupled to each carbon is lost. Since information about the number and chemical shifts of C, CH, CH2 and 
CH3 carbons is valuable in making structure and spectral assignments, several types of experiments to 
determine 13C multiplicities have been developed (fully coupled spectra are not usually used because of 
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extensive signal overlap and poor signal-to-noise). 
Single Frequency Off-Resonance Decoupling (SFORD). 
 he oldest method for determining attached protons is the SFORD technique, now replaced by more efficient 
methods. It involves application of a powerful powerful single frequency proton decoupling 500-2000 Hz 
upfield or downfield of the proton chemical shifts in the sample. All C-H couplings are reduced in proportion to: 

• The distance (∆δ) from the decoupler frequency to the proton position, 
• The power of the decoupler. 

 Typical experiments would reduce the normal one-bond couplings of 125-250 Hz to perhaps 12-20 Hz, and the 
longer range couplings to <1 Hz. The spectrum now appears as a series of singlets, doublets, triplets and quartets 
depending on whether the carbon is quaternary, or has one, two or three protons attached. Fig. 6-1.3 illustrates 
the effect of decoupler offset on the 13C NMR spectrum of methanol. 

 

Figure 
Figure 6-1.3. Methyl carbon quartet of methanol obtained for various offsets of the decoupler frequency from 
the 1H chemical shift of methanol (from Wehrli and Wirthlin). 

• Some difficulties with this technique are: 
• Sensitivity is not very good. 
• Multiplets are not always clean. 
• For complex molecules, some regions of the spectrum can become hopelessly crowded. 

 

Figure 
Spectral Editing 
There are a number of multipulse experiments which render the signals in a 13C NMR spectrum with positive and 
negative intensities (sometimes zero) according to the number of attached protons. 
J-Modulated Spectra. This is the most primitive form of spectral editing. By placing a suitable delay time 
between the pulse and the beginning of the acquisition, spectra are obtained in which C and CH2 groups are 
positive, and CH and CH3 are negative. 
In this experiment, after the pulse there is a short delay, during which the decoupler is turned off, and the 13C 
NMR spectrum becomes modulated by the CH coupling frequency. After the delay the decoupler is turned on, 
and the FID is recorded. If the delay is 1/J then the quaternary and CH2 carbons are positive, and the CH and 
CH3 signals are negative. If the delay is 1/2J all peaks except quaternary are nulled. More on this experiment in 
Sect 8-Tech-9.1. 
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Figure 
DEPT 
(Distortionless Enhancement of Polarization Transfer): The DEPT technique has proven superior to others in 
providing information on attached protons reliably, efficiently and with high selectivity. It is a proton-carbon 
polarization transfer method, so DEPT spectra are actually more sensitive than normal acquisitions. A set of 
spectra with pulse delays adjusted for π/2 (DEPT-90) and 3π/4 (DEPT-135) are taken. The DEPT-90 spectrum 
shows only CH carbons, the DEPT-135 shows positive CH3 and CH, and negative CH2 signals. It is important to 
understand that the appearance of positive and negative signals can be reversed by phasing, so it is necessary to 
have some way of determining whether the spectrum has been phased for CH2 positive or negative. Quaternary 
carbons are invisible (Fig.4). 

 

Figure 
Figure 4 
The normal 13C NMR spectrum and a typical set of DEPT spectra of an alkyne. Note the absence of the 
quaternary alkyne carbons in the DEPT spectra, and the presence of small peaks for the CH2 and CH3 signals in 
the DEPT-90 spectrum, which, in principle, should have only CH signals. 
 "Leakage" can occur in DEPT-90 spectra because 1JC-H varies as a function of environment, and the technique 
assumes that all 1JC-H are identical. This can result in small peaks for CH2 and CH3 signals, which should have 
zero intensity. For similar reasons the C-H of terminal acetylenes (C≡C-H) will show anomalous intensities in 
DEPT spectra (either nulled or very small in DEPT-90, or present in DEPT-135) because the C-H coupling is 
much larger (around 250 Hz) than the normal value of 125 Hz for which the DEPT experiment is usually 
parameterized. Of course, leakage can also result from an incorrectly calibrated pulse width for the spectrometer. 
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Referencing C-13 NMR Spectra 
Tetramethylsilane (TMS) is the primary reference for C-13 spectra. The relatively low sensitivity of C-13 NMR 
requires the addition of substantial amounts of TMS, so it is common to use solvent peaks as a secondary 
reference. Below are listed chemical shifts of several common solvents used in NMR spectroscopy. Note that 
isotope shifts are quite large in C-13 NMR, so separate values are reported for the deuterated and protonated 
solvents (from Levy, J. Magn. Res. 1972, 6, 143; Reich unpublished work). 
Compound (solvent) 

 

Figure 
 

The C-13 NMR Spectrum for Ethanol 

 

Figure 

Remember that each peak identifies a carbon atom in a different environment within the molecule. In this case 
there are two peaks because there are two different environments for the carbons. 
The carbon in the CH3 group is attached to 3 hydrogens and a carbon. The carbon in the CH2 group is attached to 
2 hydrogens, a carbon and an oxygen. 
You might remember from the introductory page that the external magnetic field experienced by the carbon 
nuclei is affected by the electronegativity of the atoms attached to them. The effect of this is that the chemical 
shift of the carbon increases if you attach an atom like oxygen to it. That means that the peak at about 60 (the 
larger chemical shift) is due to the CH2 group because it has a more electronegative atom attached. 

A Table of Typical Chemical Shifts in C-13 NMR Spectra 
Table 

Carbon Environment Chemical Shift (Ppm) 

C=O (in ketones) 205 - 220 

C=O (in aldehydes) 190 - 200 
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C=O (in acids and esters) 160 - 185 

C in aromatic rings 125 - 150 

C=C (in alkenes) 115 - 140 

RCH2O- 50 - 90 

RCH2Cl 30 - 60 

RCH2NH2 30 - 65 

R3CH 25 - 35 

CH3CO- 20 - 50 

R2CH2 16 – 25 

RCH3 10 – 15 
 

In the table, the "R" groups won't necessarily be simple alkyl groups. In each case there will be a carbon atom 
attached to the one shown in red, but there may well be other things substituted into the "R" group. 
If a substituent is very close to the carbon in question, and very electronegative, that might affect the values 
given in the table slightly. 
For example, ethanol has a peak at about 60 because of the CH2OH group. No problem! 
It also has a peak due to the RCH3 group. The "R" group this time is CH2OH. The electron pulling effect of the 
oxygen atom increases the chemical shift slightly from the one shown in the table to a value of about 18. 
 
A Simplification of the Table 
You may come across a simplification of the above table which is useful in easy cases just to pick out the main 
types of carbon environments in a compound: 

Table 

Carbon 
Environment 

Chemical Shift 
(Ppm) 

C-C 0 - 50 

C-O 50 - 100 

C=C 100 - 150 

C=O 150 - 200 

 
The C-13 NMR Spectrum for But-3-En-2-One 
This is also known as 3-buten-2-one (amongst many other things!) 

Table 
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Here is the structure for the compound: 

 

Figure 
You can pick out all the peaks in this compound using the simplified table above. 
The peak at just under 200 is due to a carbon-oxygen double bond. The two peaks at 137 and 129 are due to the 
carbons at either end of the carbon-carbon double bond. And the peak at 26 is the methyl group which, of 
course, is joined to the rest of the molecule by a carbon-carbon single bond. 
If you want to use the more accurate table, you have to put a bit more thought into it - and, in particular, worry 
about the values which don't always exactly match those in the table! 
The carbon-oxygen double bond in the peak for the ketone group has a slightly lower value than the table 
suggests for a ketone. There is an interaction between the carbon-oxygen and carbon-carbon double bonds in the 
molecule which affects the value slightly. This isn't something which we need to look at in detail for the 
purposes of this topic. 
You must be prepared to find small discrepancies of this sort in more complicated molecules - but don't worry 
about this for exam purposes at this level. Your examiners should give you shift values which exactly match the 
compound you are given. 
The two peaks for the carbons in the carbon-carbon double bond are exactly where they would be expected to 
be. Notice that they aren't in exactly the same environment, and so don't have the same shift values. The one 
closer to the carbon-oxygen double bond has the larger value. 
And the methyl group on the end has exactly the sort of value you would expect for one attached to C=O. The 
table gives a range of 20 - 50, and that's where it is. 
One final important thing to notice. There are four carbons in the molecule and four peaks because they are all in 
different environments. But they aren't all the same height. In C-13 NMR, you can't draw any simple 
conclusions from the heights of the various peaks. 
The C-13 NMR Spectrum for 1-Methylethyl Propanoate 
1-methylethyl propanoate is also known as isopropyl propanoate or isopropyl propionate. 

 

Figure 
Here is the structure for 1-methylethyl propanoate: 

 

Figure 
Two Simple Peaks 
There are two very simple peaks in the spectrum which could be identified easily from the second table above. 
The peak at 174 is due to a carbon in a carbon-oxygen double bond. (Looking at the more detailed table, this 
peak is due to the carbon in a carbon-oxygen double bond in an acid or ester.) 
The peak at 67 is due to a different carbon singly bonded to an oxygen. Those two peaks are therefore due to: 
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Figure 
Before we go on to look at the other peaks, notice the heights of these two peaks we've been talking about. They 
are both due to a single carbon atom in the molecule, and yet they have different heights. Again, you can't read 
any reliable information directly from peak heights in these spectra. 
The Three Right-Hand Peaks 
From the simplified table, all you can say is that these are due to carbons attached to other carbon atoms by 
single bonds. But because there are three peaks, the carbons must be in three different environments. 
The more detailed table is more helpful. 
Here are the structure and the spectrum again: 

 

Figure 

 

Figure 
 
The easiest peak to sort out is the one at 28. If you look back at the table, that could well be a carbon attached to 
a carbon-oxygen double bond. The table quotes the group as CH3CO-, but replacing one of the hydrogens by a 
simple CH3 group won't make much difference to the shift value. 
The right-hand peak is also fairly easy. This is the left-hand methyl group in the molecule. It is attached to an 
admittedly complicated R group (the rest of the molecule). It is the bottom value given in the detailed table. 
The tall peak at 22 must be due to the two methyl groups at the right-hand end of the molecule - because that's 
all that's left. These combine to give a single peak because they are both inexactly the same environment. 
If you are looking at the detailed table, you need to think very carefully which of the environments you should 
be looking at. Without thinking, it is tempting to go for the R2CH2 with peaks in the 16 - 25 region. But you 
would be wrong! 
The carbons we are interested in are the ones in the methyl group, not in the R groups. These carbons are again 
in the environment: RCH3. The R is the rest of the molecule. 
The table says that these should have peaks in the range 10 - 15, but our peak is a bit higher. This is because of 
the presence of the nearby oxygen atom. Its electronegativity is pulling electrons away from the methyl groups - 
and this tends to increase the chemical shift slightly. 
Once again, don't worry about the discrepancies. In an exam, your examiners should give you values which 
match the peaks in the spectra. 
Remember that you are only doing an introduction to C-13 NMR at this level. It isn't going to be that hard in an 
exam! 
Working Out Structures from C-13 NMR Spectra 
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So far, we've just been trying to see the relationship between carbons in particular environments in a molecule 
and the spectrum produced. We've had all the information necessary. Now let's make it a little more difficult - 
but we'll work from much easier examples! 
In each example, try to work it out for yourself before you read the explanation. 
Example 1 
How could you tell from just a quick look at a C-13 NMR spectrum (and without worrying about chemical 
shifts) whether you had propanone or propanal (assuming those were the only options)? 

 

Figure 
Because these are isomers, each has the same number of carbon atoms, but there is a difference between the 
environments of the carbons which will make a big impact on the spectra. 
In propanone, the two carbons in the methyl groups are in exactly the same environment, and so will produce 
only a single peak. That means that the propanone spectrum will have only 2 peaks - one for the methyl groups 
and one for the carbon in the C=O group. 
However, in propanal, all the carbons are in completely different environments, and the spectrum will have three 
peaks. 
Example 2 
Thare are four alcohols with the molecular formula C4H10O. 

 

Figure 
Which one produced the C-13 NMR spectrum below? 

 

Figure 
You can do this perfectly well without referring to chemical shift tables at all. 
In the spectrum there are a total of three peaks - that means that there are only three different environments for 
the carbons, despite there being four carbon atoms. 
In A and B, there are four totally different environments. Both of these would produce four peaks. 
In D, there are only two different environments - all the methyl groups are exactly equivalent. D would only 
produce two peaks. 
That leaves C. Two of the methyl groups are in exactly the same environment - attached to the rest of the 
molecule in exactly the same way. They would only produce one peak. With the other two carbon atoms, that 
would make a total of three. The alcohol is C. 
Example 3 
This follows on from Example 2, and also involves an isomer of C4H10O but which isn't an alcohol. Its C-13 
NMR spectrum is below. Work out what its structure is. 
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Figure 
Because we don't know what sort of structure we are looking at, this time it would be a good idea to look at the 
shift values. The approximations are perfectly good, and we will work from this table: 

Table 

Carbon 
Environment 

Chemical Shift 
(Ppm) 

C-C 0 - 50 

C-O 50 - 100 

C=C 100 - 150 

C=O 150 - 200 

 
There is a peak for carbon(s) in a carbon-oxygen single bond and one for carbon(s) in a carbon-carbon single 
bond. That would be consistent with C-C-O in the structure. 
It isn't an alcohol (you are told that in the question), and so there must be another carbon on the right-hand side 
of the oxygen in the structure in the last paragraph. 
The molecular formula is C4H10O, and there are only two peaks. The only solution to that is to have two 
identical ethyl groups either side of the oxygen. 
The compound is ethoxyethane (diethyl ether), CH3CH2OCH2CH3. 
Example 4 
Using the simplified table of chemical shifts above, work out the structure of the compound with the following 
C-13 NMR spectrum. Its molecular formula is C4H6O2. 

 

Figure 
Let's sort out what we've got. 

• There are four peaks and four carbons. No two carbons are in exactly the same environment. 
• The peak at just over 50 must be a carbon attached to an oxygen by a single bond. 
• The two peaks around 130 must be the two carbons at either end of a carbon-carbon double bond. 
• The peak at just less than 170 is the carbon in a carbon-oxygen double bond. 

Putting this together is a matter of playing around with the structures until you have come up with something 
reasonable. But you can't be sure that you have got the right structure using this simplified table. 
In this particular case, the spectrum was for the compound: 
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Figure 
If you refer back to the more accurate table of chemical shifts towards the top of the page, you will get some 
better confirmation of this. The relatively low value of the carbon-oxygen double bond peak suggests an ester or 
acid rather than an aldehyde or ketone. 
It can't be an acid because there has to be a carbon attached to an oxygen by a single bond somewhere - apart 
from the one in the -COOH group. We've already accounted for that carbon atom from the peak at about 170. If 
it was an acid, you would already have used up both oxygens in the structure in the -COOH group. 
Without this information, though, you could probably come up with reasonable alternative structures. If you 
were working from the simplified table in an exam, your examiners would have to allow any valid alternatives. 
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