Tasks

These tasks should take 3 hours to complete:  Two hours of lesson time and one hour of homework.  Completed tasks should be handed in to the Prep room on Friday at the end of period 5.
Task 1:  Read through the information sheets about NMR and MRI and make your own notes.

Task 2:  Answer the questions.
1.  Ethanol is commonly used as a solvent in chemistry.  Why isn’t it used to prepare a sample for an NMR spectrometer?
2. The NMR spectrum of butane is shown.  Relate this spectrum to the structure of the compound. 
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Nuclear magnetic resonance spectroscopy (NMR
spectroscopy) is a particularly powerful tool for
finding out the structure of an organic compound.

NMR spectroscopy was developed from work by
both chemists and nuclear physicists. The technique
relies on the interaction between the magnetic
properties of certain nuclei and their chemical
environment. Some nuclei (those with odd mass
numbers such as 'H and *C) have a property called
‘spin’ (like electrons). This spin gives the nuclei
magnetic properties so that they behave like very
small bar magnets.

‘When a sample of a compound containing such
nuclei is placed in a large magnetic field. and subjected
to a pulse of radiofrequency radiation, some of the
nuclei will absorb energy. NMR spectroscopy is the
analysis of the spectra of energies absorbed by different
nuclei. The energy involved is small. in the low-energy
radiowave range of the electromagnetic spectrum.

In the following section we shall focus on the use
of proton NMR spectroscopy. This technique enables
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Figure 10.1 Samples dissolved in a solvent, ready to (d
place in the NMR spectrometer.

Choosing a solvent
The sample tested is often dissolved in a solvent to
obtain its NMR spectrum (Figure 10.1).

The nuclei of any 'H atoms (protons) in the
molecules of a solvent will interact with the
magnetic field applied in the NMR spectrometer and
complicate the spectrum. For this reason CCly. which
contains no H atoms and so doesn’t produce an NMR.
spectrum of its own, or CDCl; can be chosen as the
solvent. CDCls is called a deuterated solvent as its
hydrogen atoms have been replaced by deuterium
atoms. Deuterium (D) is an isotope of hydrogen, *H.
Remember that NMR only works with atoms whose
mass number is an odd number. so using CDCl; as a
solvent will not interfere with the NMR spectrum of
the sample.




3. The following NMR spectra are of the isomers propanal and propanone.  Show which spectrum belongs to each compound.
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Objectives

Chemists now have a wide range of instrumental
methods available for identifying the structure

of a compound. In Chemistry 1. Chapter 15, you

met two of these methods, mass spectrometry and
infrared spectroscopy. You saw how we can use mass
spectrometry to determine the structure of unknown
organic compounds and how infrared spectroscopy is
used to identify the functional groups —OH and >C=0
in simple organic compounds such as alcohols or
carboxylic acids. Another important method, known
as NMR. is discussed in the following sections.

Nuclear magn}etic resonance

spectroscopy

Nuclear magnetic resonance spectroscopy (NMR

spectroscopy) is a particularly powerful tool for

finding out the structure of an organic compound.
NMR spectroscopy was developed from work by
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Nuclear magn}etic resonance
spectroscopy

Nuclear magnetic resonance spectroscopy (NMR
spectroscopy) is a particularly powerful tool for
finding out the structure of an organic compound.

NMR spectroscopy was developed from work by
both chemists and nuclear physicists. The technique
relies on the interaction between the magnetic
properties of certain nuclei and their chemical
environment. Some nuclei (those with odd mass
numbers such as 'H and *C) have a property called
‘spin’ (like electrons). This spin gives the nuclei
magnetic properties so that they behave like very
small bar magnets.

‘When a sample of a compound containing such
nuclei is placed in a large magnetic field. and subjected
to a pulse of radiofrequency radiation, some of the
nuclei will absorb energy. NMR spectroscopy is the
analysis of the spectra of energies absorbed by different
nuclei. The energy involved is small. in the low-energy
radiowave range of the electromagnetic spectrum.
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Figure 10.1 Samples dissolved in a solvent, ready to
place in the NMR spectrometer.

Choosing a solvent
The sample tested is often dissolved in a solvent to
obtain its NMR spectrum (Figure 10.1).

The nuclei of any 'H atoms (protons) in the
molecules of a solvent will interact with the
magnetic field applied in the NMR spectrometer and
complicate the spectrum. For this reason CCly. which
contains no H atoms and so doesn’t produce an NMR.
spectrum of its own, or CDCl; can be chosen as the
solvent. CDCls is called a deuterated solvent as its
hydrogen atoms have been replaced by deuterium
atoms. Deuterium (D) is an isotope of hydrogen, *H.
Remember that NMR only works with atoms whose
mass number is an odd number. so using CDCl; as a
solvent will not interfere with the NMR spectrum of
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4. Predict the appearance of the NMR spectrum of chloroethane.

Task 3:  
Write a report to describe and explain how MRI works.  Include advantages and disadvantages of using MRI as a technique.  There is a good source of information on the www.howstuffworks.com website.  Continue onto another sheet if necessary.
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MRI scanners have been in use in hospitals since
the 1980s. A patient is placed inside the scanner,
within a large coil used to create a powerful
‘magnetic field ( )

The scanner works using the same technology
and principles as an NMR spectrometer, with the
nuclei of 'H atoms in water interacting with the
‘magnetic field and radiowave pulses of energy

This amazing medical breakthrough enables
doctors to look at 2D images across any plane

Figure 10.10 A patient has to stay perfectly
still inside an MRI scanner for anything from
20 minutes to over 90 minutes

@ COAS_C2_Ch10 itp.

through the body ( ). A computer can
build these up to make incredibly detailed 3D
internal images of the body.

MRI scanning has no known side-effects and
sois a safer option than using harmful X-rays for
imaging the body. However, it costs a hospital a lot
‘more money to buy and maintain an MRI scanner
than a traditional CT scanner that uses X-rays

Figure 10.11 The image from an MRI scanner
enables doctors to ‘see’ what is happening inside
the body.
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integration trace
(The height of the step is proportional
<« to the area under the peak,
giving us the number of equivalent
protons.)

Absorpion of energy

3 )

Chemical shif, 3 /ppm

Figure 10.3 An integration trace tells us the relative areas under each peak and hence the number of equivalent
hydrogen atoms (protons) in a sample.
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Low Resolution NMR Foundation Information Sheet
Nuclear Magnetic Resonance Higher Information Sheet
Nuclear magnetic resonance (NMR) spectroscopy gives the most information of the spectroscopic

analyses, with regard to the positions and numbers of protons (hydrogen atoms) in the molecule:

a. Nuclei spin, and thus create a magnetic field around them, as they are charged. If they are placed within a magnetic field, they all line up either in the same direction (lower energy) or in the opposite direction (higher energy) to the magnetic field. The very small energy gap between these states corresponds to radio frequency waves. Normally a fixed magnetic field is used, and the frequency of applied radio waves (causing resonance) is modified, in order to scan the sample and detect the effects.

b. The chemical shift, δ, is measured in ppm (parts per million), and depends upon the amount of shielding of the protons by electrons – the more shielding, the higher the field strength needed for resonance, and the lower the δ value.

c. The amount of shielding depends upon the environment of the protons – if they are next to an electronegative atom (e.g. in COOH) then there will be deshielding and a high δ value (downfield), whereas if they are next to an atom with low electronegativity (e.g. in CH3) there will be more shielding and a lower δ value (upfield).

d. The δ value is determined as relative to a standard of TMS (tetramethylsilane – Si(CH3)4):

i. This gives a strong signal due to 12 protons in the same environment.

ii. Si is less electronegative than carbon, so the signal is upfield of other organic molecules (δ is defined as 0.0ppm).

iii. It is inert and non-toxic, cheap, and is volatile (can be evaporated afterwards).

e. The area under each peak on the NMR spectrum is proportional to the number of protons it represents (in the same environment), and this ratio is given by the integration curve.

f. A high resolution NMR spectrum is able to show splitting of individual peaks, due to being adjacent to other protons in a different environment:

i. The number of splits is n + 1 where the number of adjacent protons is n (n + 1 rule). The splitting pattern is given by the (n + 1)th line of Pascal’s triangle.

ii. A triplet (1:2:1) indicates that the protons are adjacent to a CH2 group.

iii. A quartet (1:3:3:1) indicated that the protons are adjacent to a CH3 group.

iv. An ethyl group (CH2CH3) is indicated by a triplet and a quartet, with integration curves in a 3:2 ratio.

v. If there is no splitting, then the protons are not adjacent to any different protons (a singlet) – e.g. the H in an OH group.

vi. If the protons are next to two different types of proton, then there will be splitting of the splitting pattern (e.g. a quartet of triplets).

vii. The splitting of peaks is called the coupling effect.
Magnetic Resonance Imaging
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Figure 10.2 Low-resolution NMR spectrum
of ethanol.

Low-resolution NMR
Alow-resolution NMR spectrum of ethanol consists
of three lines, as shown in Figure 102
You will notice several features in this spectrum
® Unusually, the horizontal scale increases from
tight to left
@ The scale is labelled in terms of chemical shift,

5/ppm
® The small peak at 0 ppm is due to a compound.
tetramethylsilane (TMS), whose formula is
(CHy)sSi. This is used as a reference standard as it
produces one sharp peak, given the & value of
0 ppm, on an NMR spectrum.

T Nuclear Magnetic R ||
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® The spectrum consists of three sharp peaks. The
numbers at the top of each peak show the relative
areas of the peaks. The relative numbers of each
type of proton are shown by relative peak areas

This can also be shown on a print-out of the

spectrum by a stepped line called an integration

trace. The height of each step corresponds to the
relative numbers of each type of proton in the

sample tested (Figure 10.3).

Ethanol has protons in three different chemical
environments.
Look at the structural formula of ethanol,
CH3CH2OH. There are;
@ three protons on the first carbon
@ two protons on the second carbon
@ one proton on the oxygen atom.
Each atom has different neighbours and so has a
different chemical environment.
Notice that the numbers 3:2: 1 correspond to the
relative peak areas in the NMR spectrum of ethanol
(Figure 10.2 and Figure 10.3).
® The peak at a chemical shift of about 1.2 ppm is
due to the ~CHj protons.

® The peak at about 3.7 ppm s due to the ~CE-
protons

® The peak at about 5.4 ppm s due to the ~OH
proton

So for ethanol, a low-resolution NMR spectrum

confirms the structure.
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2. The following NMR spectra are of the isomers propanal and propanone. et
Show which spectrum belongs to each compound. + 2HinCH,
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Spectrum A: )
Hence match with spectrum A.
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1 expected peak:
o 6Hin-CH, (x2)

Hence match with spectrum B.

3. Chloroethane has structure:
Spectrum B
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1 expected peak:
o 6Hin-CH, (x2)

Spectrum B

Hence match with spectrum B.

3. Chloroethane has structure:

i

T

H H

From this it can be seen that 2 different proton environments exist, 3H's in
CH,Rand 2H's in R-CH,-CL

Hence an NMR spectrum containing 2 peaks would be expected, with
relative area under peak ratio 3:2.
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