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37.4 Proton (1TH) NMR Spectroscopy
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Proton (1H) NMR Spectroscopy /

Your notes

Interpreting & Explaining Proton (1H) NMR Spectra

Nuclear Magnetic Resonance (NMR) spectroscopy is used for analysing organic compounds
Atoms with odd mass numbers usually show signals on NMR
InTH NMR, the magnetic field strengths of protons in organic compounds are measured and recorded
onaspectrum
Protons on different parts of a molecule (in different molecular environments) emit different
frequencies when an external magnetic field is applied
All samples are measured against a reference compound - Tetramethylsilane (TMS)

= TMS shows a single sharp peak on NMR spectra, at a value of zero

= Sample peaks are then plotted as a ‘shift’ away from this reference peak

= This givesrise to ‘chemical shift’ values for protons on the sample compound

= Chemical shifts are measured in parts per million (ppm)

Features of an NMR spectrum

NMR spectra show the intensity of each peak against its chemical shift
The area under each peak gives information about the number of protons in a particular environment
The height of each peak shows the intensity/absorption from protons
Assingle sharp peakis seento the farright of the spectrum
= Thisisthereference peak fromTMS
= Usually at chemical shift O ppm

Low resolution 'TH NMR for ethanol
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THE 3 MOLECULAR Your notes
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The key features of this spectrum are the number and position of the peaks

Molecular environments

= Hydrogenatoms of an organic compound are said to reside in different molecular environments
= E.g.Methanol has the molecular formula CHzOH
= There are 2 molecular environments: -CHz and -OH

= The hydrogen atoms inthese environments will appear at 2 different chemical shifts

= Different types of protons are given their own range of chemical shifts
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@ Worked example /

. . . . Your notes
How many different 'H chemical environments occurin 2-methylpropane?

Answer:

= Two different 'H chemical environments occurin 2-methylpropane
= The three methyl groups are in the same 'H environment
= Thelone hydrogenisinits own'H environment

2-METHYLPROPANE

Chemical shift values for 'H molecular environments table

Environment of proton Example Chemical shiftrange, 8§ / ppm
alkane -CHz, -CHy-,>CH- 0.9-17
alkylnextto C=0 CH3-C=0,-CH,-C=0,>CH-C=0 22-3.0
alkyl next to aromatic ring CHz-Ar, -CHy-Ar, >CHy-Ar 2.3-3.0
alkyl next to electronegative atom CHz-0O, CH,-0, CH,-CI 3.2-4.0
attachedto alkene =CHR 45-6.0
attachedto aromaticring H-Ar 6.0-9.0
aldehyde HCOR 9.3-10.5
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alcohol* ROH 0.5-6.0
phenol* Ar-OH 45-7.0
carboxylic acid RCOOCH 9.0-13.0
alkylamine* R-NH- 1.0-5.0
arylamine* Ar-NHz 3.0-6.0
amide RCONHR 5.0-12.0

* 8 values for O-H protons and N-H protons vary depending on the solvent and concentration

= Protonsinthe same chemical environment are chemically equivalent
= ],2-dichloroethane, CI-CH,-CHy-Clhas one chemical environment as these four hydrogens are all

exactly equivalent
= Eachindividualpeakona THNMR spectrumrelates to protonsin the same environment
= Therefore, 1,2-dichloroethane would produce one single peak on the NMR spectrum as the

protons are in the same environment
Identifying molecular environments in 1,2-dichloroethane

(|3L (|3L
H—CII—CII—H
H H

All four protons in the 1,2-dichloroethane molecule are equivalent

Low resolution 'THNMR

= Peaksonalowresolution NMR spectrum refer to molecular environments of an organic compound
= E.g.Ethanolhasthe molecular formula CHzCH,OH
= Thismolecule as 3 separate environments: -CHs, -CH,, -OH
= So 3 peakswouldbe seenonits spectrumat 1.2 ppm (-CHs), 3.7 ppm (-CH,) and 5.4 ppm (-OH)
Low resolution NMR spectrum of ethanol
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@ @ @ THE 3 SIGNALS ON THE ,
"HNMR SPECTRUM RELATES Your notes
ETHANOL TO 3 MOLECULAR
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The low resolution NMR spectrum of ethanol shows 3 peaks for the 3 molecular environments
High resolution '"H NMR

= More structural details can be deduced using highresolution NMR
= The peaks observed ona highresolution NMR may sometimes have smaller peaks clustered together
= The splitting pattern of each peakis determined by the number of protons on neighbouring
environments
The number of peaks a signal splitsinto=n +1

= (Where n =the number of protons on the adjacent carbon atom)
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Predicting Shifts & Splitting Patterns ,
Spin-Spin Splitting Your notes

= Ahighresolution ™M NMR spectrum can show you the structure of the molecule but also the peaks can

be splitinto sub-peaks or splitting patterns
= These are caused by a proton's spininteracting with the spin states of nearby protons that arein

different environments

= This can provide information about the number of protons bonded to adjacent carbon atoms
= The splitting of a main peakinto sub-peaks is called spin-spin splitting or spin-spin coupling
High resolution 'TH NMR spectrum of ethanol
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The high resolution 'TH NMR spectrum of ethanol showing the splitting patterns of each of the 3 peaks.

&/ ppm

Using the n+1, itis possible to interpret the splitting pattern
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O Examiner Tip /

. . . - ) . . . L Your notes
= |tisveryrare that the spin-spin splitting of equivalent protonsis coveredinteaching becauseitis

sorarely asked in exams
= Equivalent protons do not cause spin-spin splitting
= The simplest example of thisis benzene
= |nbenzene, all of the protons are equivalent
= This means that they are seen as one singlet in the high resolution 'TH NMR spectrum of
benzene

The n+1rule

= The number of sub-peaksis one greater than the number of adjacent protons causing the splitting
= Foraprotonwith nprotons attached to an adjacent carbon atom, the number of sub-peaksina
splitting pattern = n+1
= Whenanalysing spin-spin splitting, it shows you the number of hydrogen atoms on the adjacent
carbonatom
= These are the splitting patterns that you need to be able to recognise from a 'H spectra:

TH NMR peak splitting patterns table

Number of o . o e o
el Splitting pattern using the n+1 Relative intensities in splitting
rule the peak will splitinto .... attern
protons (n) P P P
0 1,singlet 1 ’ \
1 2,doublet 1:1 \ \
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2 3, triplet 1:2:1

3 4, quartet 1:3:3:1 M

= Splitting patterns must occurin pairs because each proton splits the signal of the other
= There are some common splitting pairs you will see in a spectrum howeveryou don't need tolearn
these but can be worked out using the n+1rule
= Youwill quickly come to recognise the triplet / quartet combination fora CH;CH, becauseitis so
common

Common pair of splitting patterns

= Aquartetandatripletinthe same spectrum usually indicate an ethyl group, CH3CH,-
= The signalfromthe CHzprotonsis split as a triplet by having two neighbours
= The signalfromthe CH2 protonsis split as a quartet by having three neighbours
= Here are some more common pairs of splitting patterns
Common pairs of splitting patterns
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Job bl ol
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= The CHjsignalin propane (blue) is observed as a heptet because it has six neighbouring equivalent H
atoms (n+1rule), three on either side in two equivalent CHz groups

= The CH3z groups (red) produce identical triplets by coupling with the CH, group
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@ Worked example &/

Your notes
Forthe compound (CHz),CHOH, predict the following:

1. The number of peaks

2.The type of proton and chemical shift
3. Therelative peak areas

4. The splitting pattern

Answers:

1. The number of peaks
= 3peaks
2.The type of proton and chemical shift
= (CH3)2CHOHat0.9-1.7ppm
= (CHz),CHOHat3.2-4.0 ppm
= (CHz),CHOHat0.5-6.0 ppm
3. Therelative peak areas
= Ratio6:1:1
4. The splitting pattern
= (CH3)2CHOH splitinto adoublet (1+1=2)
= (CHz3),CHOH splitinto a heptet (6+1=7)
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Tetramethylsilane (TMS) & Deuterated Solvents

Use of Tetramethylsilane (TMS)

= InNMR spectroscopy, tetramethylsilane (TMS) is used as a reference compound
= The organic compoundis dissolved in TMS before beingintroduced to the magnetic field of the
spectrometer
= |tisanideal chemicaltouse asareference
= TMSisinertandvolatile
= Thisreducesundesirable chemical reactions with the compound to be analysed
= |talso mixes well with most organic compounds
= TMS gives a single sharp peak onthe NMR spectrum and is given a value of zero
= The molecular formula of TMSis Si(CHz)4
= There are 12 hydrogensin this molecule
= All of the protons are in the same molecular environment. Therefore givesrise to just one peak
= This peak has a very high intensity as it accounts for the absorption of energy from 12 'H nuclei

The structure of tetramethylsilane

i
H,C—Si—CH,
CH,

Tetramethylsilane (TMS) - Si(CH3z)4

= When peaks are recorded from the sample compound, they are measured and recorded by their shift
away from the sharp TMS peak
= This gives rise to the chemical shift values for different 'H environments in a molecule
The 'HNMR spectrum for tetramethylsilane
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[ESINGLE PEAK FOR TMS
Your notes

CHEMICAL SHIFT (&)

o_

THE PEAK APPEARS ALL OTHER PEAKS APPEAR

AT O ppm AS A ‘SHIFT’ AWAY FROM
THE REFERENCE PEAK —
GIVING RISE TO ‘CHEMICAL
SHIFTS’

TH NMR spectrum for TMS showing its signal at 0 ppm

Deuterated Solventsin Proton NMR

Deuterated Solvents in Proton NMR

= Whensamples are analysed through NMR spectroscopy, they must be dissolved in a solvent
= Tetramethylsilane (TMS)is a commonly used solventin NMR
= Despite TMS showing one sharp reference peak on NMR spectra, the proton atoms can still interfere
with peaks of a sample compound
= Toavoidthisinterference, solvents containing deuterium can be usedinstead
= Forexample CDCl3
= Deuterium (2H)is anisotope of hydrogen ('H)
= Deuterium nuclei absorb radio waves in a different region to the protons analysed in organic
compounds
= Therefore, the reference solvent peak will not interfere with those of the sample
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