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ABSTRACT 

 This survey study explains about some principles for nuclear magnetic resonance spectrophotometer and ways to 

determine structures of compounds,  diagnose and characterize compounds via signals and peaks. It is best method to 

identify any chemical compound. 
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INTRODUCTION 

The Basics of13C-NMR Spectroscopy 

 The magnetic moment of a 13C nucleus is much weaker than that of a proton, meaning that NMR signals from 13C 

nuclei are inherently much weaker than proton signals. This combined with the low natural abundance of 13C, means that it 

is much more difficult to observe carbon signals: more sample is required, and often the data from hundreds of scans must 

be averaged in order to bring the signal-to-noise ratio down to acceptable levels. Unlike 1H-NMR signals, the area under 

a 13C-NMR signal cannot be used to determine the number of carbons to which it corresponds. This is because the signals 

for some types of carbons are inherently weaker than for other types – peaks corresponding to carbonyl carbons, for 

example, are much smaller than those for methyl or methylene (CH2) peaks. Peak integration is generally not useful in 13C-

NMR spectroscopy, except when investigating molecules that have been enriched with 13C isotope. 

 The resonance frequencies of 13C nuclei are lower than those of protons in the same applied field - in a 7.05 Tesla 

instrument, protons resonate at about 300 MHz, while carbons resonate at about 75 MHz. This is fortunate, as it allows us 

to look at 13C signals using a completely separate 'window' of radio frequencies. Just like in 1H-NMR, the standard used 

in 13C-NMR experiments to define the 0 ppm point is tetramethylsilane (TMS), although of course in 13C-NMR it is the 

signal from the four equivalent carbons in TMS that serves as the standard. Chemical shifts for 13C nuclei in organic 

molecules are spread out over a much wider range than for protons – up to 200 ppm for13C compared to 12 ppm for 

protons. This is also fortunate, because it means that the signal from each carbon in a compound can almost always be seen 

as a distinct peak, without the overlapping that often plagues 1H-NMR spectra. The chemical shift of a 13C nucleus is 

influenced by essentially the same factors that influence a proton's chemical shift: bonds to electronegative atoms and 

diamagnetic anisotropy effects tend to shift signals downfield (higher resonance frequency). In addition, sp2hybridization 

results in a large downfield shift. The 13C-NMR signals for carbonyl carbons are generally the furthest downfield (170-220 

ppm), due to both sp2 hybridization and to the double bond to oxygen. 

 

 

Journal of Applied, Physical and 
Biochemistry Research (JAPBR) 
Vol. 1, Issue 1, Jun 2015, 101-118 
© TJPRC Pvt. Ltd. 



102                                                                                                                                                                        Nagham Mahmood Aljamali 

 
editor@tjprc.org                                                                                                                                               www.tjprc.org 

13C.NMR – Data 

 

Figure 1 

The C-13 NMR Spectrum for Ethanol 

  

Figure 2 

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

Table 1 

Chemical Shift (ppm) Carbon Environment 
205 - 220 C=O (in ketones) 
190 - 200 C=O (in aldehydes) 
160 - 185 C=O (in acids and esters) 
125 - 150 C in aromatic rings 
115 - 140 C=C (in alkenes) 
50 - 90 RCH2O- 
30 - 60 RCH2Cl 
30 - 65 RCH2NH2 
25 - 35 R3CH 
20 - 50 CH3CO- 
16 - 25 R2CH2 
10 - 15 RCH3 

 

 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. 



Review in Identification of Compounds via (1H ,13C.NMR) 

                                               www.tjprc.org 

A Simplification of the Table 

 You may come across a simplification of the 

types of carbon environments in a compound:

Carbon Environment
C-C
C-O
C=C
C=O

 

The C-13 NMR Spectrum for but-3-en

 This is also known as 3-buten-

 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 is due to a carbon

carbons at either end of the carbon-carbon double bond. 

ds via (1H ,13C.NMR) -Spectra Data                                                                       

                                                                                                                                               

Figure 3 

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 2 

Chemical Shift (ppm) Carbon Environment 
0 - 50 C 

50 - 100 O 
100 - 150 C=C 
150 - 200 C=O 

en-2-One 

-2-one (amongst many other things!) 

Figure 4 

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 is due to a carbon-oxygen double bond. The two peaks at 137 and 129 are due to the 

carbon double bond.  
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. 

You must be prepared to find small discrepancies of 

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

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 e

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

heights of the various peaks. 

The C-13 NMR Spectrum for 1-Methylethyl Propanoate

 1-methylethyl propanoate is also known as isopropyl propanoate or 

                                                                                                                                                                        

                                                                                                                             

Figure 5 

Figure 6 

Figure 7 

You must be prepared to find small discrepancies of this sort in more complicated molecules 

about this for exam purposes at this level. Your examiners should give you shift values which exactly match the compound 

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 

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 

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 

ironments. But they aren't all the same height. In C-13 NMR, you can't draw any simple conclusions from the 

Methylethyl Propanoate 

methylethyl propanoate is also known as isopropyl propanoate or isopropyl propionate.
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Figure 7 

 

 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 8 

 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. 
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Figure 9 

 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. 

 

Figure 10 

 

Figure 11 

Table 3 

 

Working out Structures from C-13 NMR Spectra 

 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! 
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 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)? 

 

 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 

 There are four alcohols with the molecular formula C4H10O. 

 

 Which one produced the C-13 NMR spectrum below? 

 

Figure 12 

 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. 
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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. 

 

Figure 13 

 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 4 

Chemical Shift (ppm) Carbon Environment 
0 - 50 C-C 

50 - 100 C-O 
100 - 150 C=C 
150 - 200 C=O 

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 14 

 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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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. 

Proton NMR-Spectroscopy  

 This important and well-established application of nuclear magnetic resonance will serve to illustrate some of the 

novel aspects of this method. To begin with, the nmr spectrometer must be tuned to a specific nucleus, in this case the 

proton. The actual procedure for obtaining the spectrum varies, but the simplest is referred to as the continuous 

wave (CW) method. 

H.NMR – Spectrum 

 Nuclear magnetic resonance spectroscopy, commonly referred to as nmr, has become the preeminent technique 

for determining the structure of organic compounds.  

Chemical Shift 

 Unlike infrared and uv-visible spectroscopy, where absorption peaks are uniquely located by a frequency or 

wavelength, the location of different nmr resonance signals is dependent on both the external magnetic field strength and 

the rf frequency. Since no two magnets will have exactly the same field, resonance frequencies will vary accordingly and 

an alternative method for characterizing and specifying the location of nmr signals is needed. This problem is illustrated by 

the eleven different compounds shown in the following diagram. Although the eleven resonance signals are distinct and 

well separated, an unambiguous numerical locator cannot be directly assigned to each. One method of solving this problem 

is to report the location of an nmr signal in a spectrum relative to a reference signal from a standard compound added to the 

sample. Such a reference standard should be chemically unreactive, and easily removed from the sample after the 

measurement. Also, it should give a single sharp nmr signal that does not interfere with the resonances normally observed 

for organic compounds. Tetramethylsilane, (CH3)4Si, usually referred to as TMS, meets all these characteristics, and has 

become the reference compound of choice for proton and carbon nmr.The compounds referred to above share two common 

characteristics: 

• The hydrogen atoms in a given molecule are all structurally equivalent, averaged for fast conformational 

equilibria.  

• The compounds are all liquids, save for neopentane which boils at 9 °C and is a liquid in an ice bath. 

 The first feature assures that each compound gives a single sharp resonance signal. The second allows the pure 

(neat) substance to be poured into a sample tube and examined in a nmr spectrometer. In order to take the nmr spectra of a 

solid, it is usually necessary to dissolve it in a suitable solvent. Early studies used carbon tetrachloride for this purpose, 

since it has no hydrogen that could introduce an interfering signal. Unfortunately, CCl4 is a poor solvent for many polar 
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compounds and is also toxic. Deuterium labeled compounds, such as deuterium oxide (D2O), chloroform-d (DCCl3), 

benzene-d6 (C6D6), acetone-d6(CD3COCD3) and DMSO-d6 (CD3SOCD3) are now widely used as nmr solvents. Since the 

deuterium isotope of hydrogen has a different magnetic moment and spin, it is invisible in a spectrometer tuned to protons. 

  

Figure 15 

 The nuclei of many elemental isotopes have a characteristic spin (I). Some nuclei have integral spins (e.g. I = 1, 2, 

3 ....), some have fractional spins (e.g. I = 1/2, 3/2, 5/2 ....), and a few have no spin, I = 0 (e.g.12C, 16O, 32S, ....). Isotopes 

of particular interest and use to organic chemists are 1H, 13C, 19F and 31P, all of which have I = 1/2. Since the analysis of 

this spin state is fairly straightforward, our discussion of nmr will be limited to these and other I = 1/2 nuclei. 

  

Figure 16 

Examples  

  

Figure 17 

  

Figure 18 
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Solvent Effects 

 Chloroform-d (CDCl3) is the most common solvent for nmr measurements, thanks to its good solubilizing 

character and relative unreactive nature ( except for 1º and 2º-amines). As noted earlier, other deuterium labeled 

compounds, such as deuterium oxide (D2O), benzene-d6 (C6D6), acetone-d6 (CD3COCD3) and DMSO-d6 (CD3SOCD3) are 

also available for use as nmr solvents. Because some of these solvents have π-electron functions and/or may serve as 

hydrogen bonding partners, the chemical shifts of different groups of protons may change depending on the solvent being 

used. The following table gives a few examples, obtained with dilute solutions at 300 MHz.  

Some Typical 1H Chemical Shifts (δ values) in Selected Solvents 

Table 5 

Solvent CDC
l3 

C6D6 CD3COCD3 CD3SOCD3 CD3C≡N D2O 
Compound 

(CH3)3COH3 
C–CH3 
O–CH3 

1.19  
3.22 

1.07  
3.04 

1.13  
3.13 

1.11 
3.03 

1.14  
3.13 

1.21  
3.22 

(CH3)3C–OH 
C–CH3 
O–H 

1.26  
1.65 

1.05  
1.55 

1.18  
3.10 

1.11  
4.19 

1.16  
2.18 

--- 
--- 

C6H5CH3 
CH3 
C6H5 

2.36  
7.15-
7.20 

2.11  
7.00-
7.10 

2.32  
7.10-7.20 

2.30  
7.10-7.15 

2.33  
7.15-7.30 

--- 
--- 

(CH3)2C=O 2.17 1.55 2.09 2.09 2.08 2.22 
 

The Following General Rules Summarize Important Requirements and Characteristics for Spin 1/2 Nuclei 

• Nuclei having the same chemical shift (called isochronous) do not exhibit spin-splitting. They may actually be 

spin-coupled, but the splitting cannot be observed directly. 

• Nuclei separated by three or fewer bonds (e.g. vicinal and geminal nuclei ) will usually be spin-coupled and will 

show mutual spin-splitting of the resonance signals (same J's), provided they have different chemical shifts. 

Longer-range coupling may be observed in molecules having rigid configurations of atoms. The magnitude of the 

observed spin-splitting depends on many factors and is given by the coupling constant J (units of Hz). J is the 

same for both partners in a spin-splitting interaction and is independent of the external magnetic field strength. 

• The splitting pattern of a given nucleus (or set of equivalent nuclei) can be predicted by the n+1 rule, where n is 

the number of neighboring spin-coupled nuclei with the same (or very similar) Js. If there are 2 neighboring, spin-

coupled, nuclei the observed signal is a triplet ( 2+1=3 ); if there are three spin-coupled neighbors the signal is a 

quartet ( 3+1=4 ). In all cases the central line(s) of the splitting pattern are stronger than those on the periphery. 

The intensity ratio of these lines is given by the numbers in Pascal's triangle. Thus a doublet has 1:1 or equal 

intensities, a triplet has an intensity ratio of 1:2:1, a quartet 1:3:3:1 etc.  
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Properties of Some Deuterated NMR Solvents 

Table 6 

Solvent B.P. °C 
Residual 

1H Signal (δ) 
Residual 

13C Signal (δ) 
acetone-d6 55.5 2.05 ppm 206 & 29.8 ppm 
acetonitrile-d3 80.7 1.95 ppm 118 & 1.3 ppm 
benzene-d6 79.1 7.16 ppm 128 ppm 
chloroform-d 60.9 7.27 ppm 77.2 ppm 
cyclohexane-d12 78.0 1.38 ppm 26.4 ppm 
dichloromethane-d2 40.0 5.32 ppm 53.8 ppm 
dimethylsulfoxide-d6 190 2.50 ppm 39.5 ppm 
nitromethane-d3 100 4.33 ppm 62.8 ppm 
pyridine-d5 114 7.19, 7.55 & 8.71 ppm 150, 135.5 & 123.5 ppm 
tetrahydrofuran-d 8 65.0 1.73 & 3.58 ppm 67.4 & 25.2 ppm 

 

 Table 7 

Proton Chemical Shifts (ppm) 
Cpd./Sub. X=Cl X=Br X=I X=OR X=SR 

CH3X 3.0 2.7 2.1 3.1 2.1 
CH2X2 5.3 5.0 3.9 4.8 3.8 
CHX 3 7.3 7.0 5.7 5.2 

 
 

Table of Characteristic Proton H.NMR Shifts 

Table 8 

Type of Proton Type of Compound Chemical Shift Range, ppm 
RCH3 primary aliphatic 0.9 
R2CH2 secondary aliphatic 1.3 
R3CH tertiary aliphatic 1.5 
C=C-H vinylic 4.6-5.9 
C=C-H vinylic, conjugated 5.5-7.5 
C(triple bond))C-
H 

acetylenic 2-3 

Ar-H aromatic 6-8.5 
Ar-C-H benzylic 2.2-3 
C=C-CH3 allylic 1.7 
HC-F fluorides 4-4.5 
HC-Cl chlorides 3-4 
HC-Br bromides 2.5-4 
HC-I iodides 2-4 
HC-OH alcohols 3.4-4 
HC-OR ethers 3.3-4 
RCOO-CH esters 3.7-4.1 
HC-COOR esters 2-2.2 
HC-COOH acids 2-2.6 
HC-C=O carbonyl compounds 2-2.7 
RCHO aldehydic 9-10 
ROH hydroxylic 2-4 
ArOH phenolic 4-12 
C=C-OH enolic 15-17 
RCOOH carboxylic 10.0-13.2 
RNH2 amino 1-5 
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Comparison between 1H.NMR and 13C.NMR – Data 

Table 8 

Type of Proton. 
1H.NMR 

Chemical Shift (ƃ ppm) 

Alkyl, RCH3 0.8-1.0 
Alkyl, RCH2CH3 1.2-1.4 
Alkyl, R3CH 1.4-1.7 
Allylic, R2C=CRCH3 1.6-1.9 
Benzylic, ArCH3 2.2-2.5 
Alkyl chloride, RCH2Cl 3.6-3.8 
Alkyl bromide, RCH2Br 3.4-3.6 
Alkyl iodide , RCH2I 3.1-3.3 
Ether, ROCH2R 3.3-3.9 
Alcohol, HOCH2R 3.3-4.0 
Ketone, RCOCH3 2.1-2.6 
Aldehyde, RCOH 9.5-9.6 
Vinylic, R2C=CH2 4.6-5.0 
Vinylic, R2C=CRH 5.2-5.7 
Aromatic, ArH 6.0-9.5 
Acetylenic, RC=CH 2.5-3.1 
Alcohol hydroxyl, ROH 0.5-6.0a 
Carboxylic, RCOOH 10-13a 
Phenolic, ArOH 4.5-7.7a 
Amino, R-NH2 1.0-5.0a 

 

Table of Carbon-13 Chemical Shifts 

Table 9 

Type of carbon atom 
13C.NMR 

Chemical shift (ƃ ppm) 

Alkyl, RCH3 0-40 
Alkyl, RCH2R 10-50 
Alkyl, RCHR2 15-50 
Alkyl halide or amine , (CH3)3C-X  
 (X = Cl, Br, NR2) 

10-65 

Alcohol or ether, R3COR 50-90 
Alkyne, -C= 60-90 
Alkene, R2C= 100-170 
Benzylic carbon 100-170 
Nitriles, -C=N 120-130 
Amides, -CNR2 150-180 
Carboxylic acids, esters, -COOH 160-185 
Aldehydes, ketones, -C=O 182-215 
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TYPES OF Shift for 1H.NMR Data 

Table 10 

Type of Proton (R = alkyl) Structure Chemical Shift, ppm 
cyclopropane C3H6 0.2 
alkane - primary H, R = alkyl R-CH3 0.8 - 1.2 
alkane - secondary H, R = alkyl R2-CH2 1.3 - 1.4 
alkane - tertiary H, R = alkyl R3-C-H ~1.5 
alkene - H directly attached to C of double bond C=C-H 4.5 - 6.0 
alkyne C C-H 2 - 3 
aromatic (arene) Ar-H  6 - 9 
aromatic - aliphatic on ring e.g. C6H5CH3 Ar-C-H  2.2 - 3 
alkene - methyl group on the next carbon beyond C=C C=C-CH3 1.6 - 1.7 
alkene - next carbon beyond C=C in longer chain C=C-CH2-R ~2.3 
fluorides H-C-F 4 - 4.5 
chlorides H-C-Cl  3 - 4 
bromides H-C-Br  2.5 - 4 
iodides H-C-I  2 - 4 
alcohols H-C-OH  3.4 - 4 
ethers H-C-OR 3.3 - 4 
esters - H on 1st C of ...oate RCOO-C-H 3.7 - 4.1 
esters - H on 1st C of ...ic H-C-COOR 2 - 2.2 
methanoic acid H-C-COOH  2 - 2.6 
carbonyl Compounds - C next to C=O in ketones H-C-C=O 2.0 - 2.7 
aldehyde R-(H-)C=O 9 - 10 
hydroxy group in alcohols R-C-OH 3.3 - 3.6 
phenols (hydroxy-arenes) Ar-OH  4 - 12 
enolic C=C-OH 15 - 17 
carboxylic RCOOH 9 - 15 
amino RNH2 1 - 6 

 Note: The chemical shift in absolute terms is defined by the frequency of the resonance expressed with reference 

to a standard compound which is defined to be at 0 ppm. The scale is made more manageable by expressing it in parts per 

million (ppm) and is indepedent of the spectrometer frequency. 

 

It is often convienient to describe the relative positions of the resonances in an NMR spectrum. For example, a peak at a 
chemical shift, d, of 10 ppm is said to be downfield or deshielded with respect to a peak at 5 ppm, or if you prefer, the peak 

at 5 ppm is upfield or shielded with respect to the peak at 10 ppm.  

 

Figure 19 
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Figure 20 

 Typically for a field strength of 4.7T the resonance frequency of a proton will occur around 200MHz and for a 

carbon, around 50.4MHz. The reference compound is the same for both, tetramethysilane (Si(CH3)4). 

An Example of an H NMR is shown below 

 

Figure 21 

 Based on the outline given above the four sets of information we get are: 

 5 basic types of H present in the ratio of 5: 2: 2: 2: 3.  

These are seen as a 5H "singlet" (ArH), two 2H triplets, a 2H quartet and a 3H triplet. Each triplet tells us that there are 2H 

in the adjacent position, and a quartet tells us that there are 3H adjacent.  

(Think of it as the lines you see, L = n + 1, where n = number of equivalent adjacent H)  

This tells us we that the peaks at 4.4 and 2.8 ppm must be connected as a CH2CH2 unit.  

The peaks at 2.1 and 0.9 ppm as a CH2CH3 unit. Using the chemical shift charts, the H can be assigned to the peaks as 

below: 

Figure 22 

 Now we can do a more complete analysis, including the application of the "n+1" rule to 1,1-dichloroethane: 

• � = 5.9 ppm, quartet, integration = 1H, deshielded grees with the -CHCl 2 unit next to a -CH3 unit (n = 3, so n + 1 

= 4 lines) 

• � = 2.1 ppm, doublet, integration = 3H grees with -CH3 unit, next to a -CH- (n = 1, so n + 1 = 2 lines) 

Coupling Constant, J  
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Figure 23 

 The 1H-NMR spectrum (see Figure 1) of stearic acid shows the following peaks: 

• 2.35 ppm: CH2 α to COOH (C2 methylene; triplet); 

• 1.65 ppm: CH2 of C3; multiplet 

• 1.3-1.4 ppm: CH2 of C3-C16; theoretical integration value 28 (note the deviation in Figure 1; this deviation is 

especially noticeable for the large number of CH2 protons in a long chain when assigning each proton an 

integration value of 1). 

• 0.88 ppm: CH3 (C18 terminal methyl; triplet). 

 To avoid spectra dominated by the solvent signal, most 1H NMR spectra are recorded in a deuterated solvent. 

However, deuteration is not "100%", so signals for the residual protons are observed. In chloroform solvent (CDCl3), this 

corresponds to CHCl3, so a singlet signal is observed at 7.26 ppm. For methanol solvent, this corresponds to CHD2OD, so 

a 1:2:3:2:1 pentet signal is observed at 3.31 ppm. (Recall that deuterium has a spin quantum number (I) of 1, so n 

deuterium atoms will split a proton signal into 2In+1 lines.) The same solvents are used for 13C NMR spectra, so the same 

rules about splitting patterns apply here also.  

1H. NMR and 13C.NMR Solvent Signals 

 The chemical shifts (d) of solvent signals observed for 1H NMR and 13C NMR spectra are listed in the following 

table. The multiplicity is shown in parentheses as 1 for singlet, 2 for doublet, 3 for triplet, etc. 

Table 11 

Solvent 1H NMR Chemical Shift 13C NMR Chemical Shift 
Acetic Acid 11.65 (1) , 2.04 (5) 179.0 (1) , 20.0 (7) 
Acetone 2.05 (5) 206.7 (13) , 29.9 (7) 
Acetonitrile 1.94 (5) 118.7 (1) , 1.39 (7) 
Benzene 7.16 (1) 128.4 (3) 
Chloroform 7.26 (1) 77.2 (3) 
Dimethyl Sulfoxide 2.50 (5) 39.5 (7) 
Methanol 4.87 (1) , 3.31 (5) 49.1 (7) 
Methylene Chloride 5.32 (3) 54.00 (5) 
Pyridine 8.74 (1) , 7.58 (1) , 7.22 (1) 150.3 (1) , 135.9 (3) , 123.9 (5) 
Water (D2O) 4.8  

 
1H. NMR and 13C.NMR Water Signals 

  Signals for water occur at different frequencies in 1H NMR spectra depending on the solvent used. Listed below 

are the chemical shift positions of the water signal in several common solvents. Note that H2O is seen in aprotic solvents, 
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while HOD is seen in protic solvents due to exchange with the solvent deuteriums.

Acetone
Acetonitrile
Benzene
Chloroform
Dimethyl Sulfoxide
Methanol
Methylene Chloride
Pyridine
Water (D
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while HOD is seen in protic solvents due to exchange with the solvent deuteriums.  

Table 12 

Solvent Chemical Shift of H2O 
(or HOD) 

Acetone 2.8 
Acetonitrile 2.1 
Benzene 0.4 
Chloroform 1.6 
Dimethyl Sulfoxide 3.3 
Methanol 4.8 
Methylene Chloride 1.5 
Pyridine 4.9 
Water (D2O) 4.8 

 

Figure 24 

Table 13 
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