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Introduction to Spectroscopy

Morphine

Once a chemical has
been synthesised, it
should be purified and
have its structure
determined. This may be
carried out to ensure that
the correct chemical has
been synthesised, or it
may be done to
characterise a new
chemical which has been
synthesised for the very
first time.



Introduction to Spectroscopy

In addition, if a naturally
occurring chemical is

.-(' i_ found to exhibit some
s ‘ sort of biological activity,
N of Y then it should be purified
*a-R .-% { and have its structure
u determined so that
£ 2.9
A\

biochemists can identify

é » Its mode of action and so

that organic chemists can

attempt to synthesise it in
the laboratory.

Penicillin



Introduction to Spectroscopy

The complete tree-dimensional structures of morphine and
penicillin have been determined by analysing the data from a
variety of different spectroscopic techniques. This has helped

to establish the drugs’ mode of action and has also allowed

them to be synthesised in the laboratory.
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Introduction to Spectroscopy

There are many different analytical tools available to a
chemist to help them establish the structure of an organic
compound:

e X-ray crystallography
e Mass spectroscopy
e Ultraviolet spectroscopy
e visible spectroscopy
e infrared spectroscopy
e nuclear magnetic resonance spectroscopy



Introduction to Spectroscopy

Most forms of spectroscopy involve the interaction of
electromagnetic radiation with matter. By measuring
which wavelengths / frequencies of electromagnetic
radiation are emitted / absorbed by a molecule gives
chemists an insight into the molecule’s structure.
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Introduction to Spectroscopy

Most types of spectroscopy expose the sample to some type
of electromagnetic radiation and measure the frequencies /
wavelengths that are absorbed.

Monochromator Sample

Radiation

source
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Mass Spectroscopy

The Complex Engineering of a Mass Spectrometer




Mass Spectroscopy

A HPLC® Connected to a Desktop Mass Spectrometer

HPLC Column
HPLC Pump

"High Performance Liquid Chromatography — An advanced form of
chromatography used to separate complex mixtures.



Mass Spectroscopy

The Components of a Mass Spectrometer #1

Electrometer
Heavier

(4) Detection
Lighter

ions

(3) Deflection

(2 Acceleration
chamber

0 lonization by
high-energy
electrons

Data processing

sample to vacuum pump

View animation.
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Mass Spectroscopy

The Components of a Mass Spectrometer #2

neutral

molecules,

neutral fragments,
and negative

electron ions
beam o magnet

filament
to vacuum pump

M
-
neutral

molecules "
positively

charged
repeller
plate

analyzer tube

negatively

charged \ positively charged ions
accelerating (deflected according to m/z)
and focusing \

plates \ \ ion exit slit

collector

recorder

View animation.
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Mass Spectroscopy
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Mass Spectroscopy

Ethanal — CH;CHO
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Mass Spectroscopy

Ethylbenzene — C;H.CH,CHj,
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Mass Spectroscopy

1-Bromopropane — CH;CH,CH,Br

CH3CH2CH2BI'

|sotopes of Bromine:

CH,CH,CH,™Br* = 122

CH,CH,CH.81Br* = 124 @ ‘@
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Mass Spectroscopy
2-Chloropropane — CH;CHCICH,
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Mass Spectroscopy

Further practice — identify the peaks in the mass spectrum of
2-methylbutane — CH;CH(CH;)CH,CHj,

CH3(|3HCH2CH3
CH;

)
o
c
©
©
c
>
e
©
Q
2
o+
A
)
o




Mass Spectroscopy

Further practice — identify the peaks in the mass spectrum of
hexan-2-ol — CH;(CH,);,CH(OH)CH,

CH3CH2CH2CH2(|IHCH3
OH
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Mass Spectroscopy

Further practice — identify the peaks in the mass spectrum of
sec-Butyl iso-Propyl Ether — CH,CH,CH(CH;)OCH(CH,),
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Infrared Spectroscopy

An Infrared Spectrometer Connected to a Computer
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Infrared Spectroscopy

An Infrared Spectrometer — Sample Chamber Open




Infrared Spectroscopy

The Internal Components of an Infrared Spectrometer




Infrared Spectroscopy

A Cell Used to Contain Samples Dissolved in Solution or in the Gas Phase




Infrared Spectroscopy

KBr Disks Used to Contain the Sample as a Thin Film




Infrared Spectroscopy

An Infrared Microscope — This Allows the Infrared Spectrum
of the Sample Viewed Under the Microscope to be Taken




Infrared Spectroscopy

Covalent bonds
can be
considered as
springs which
absorb energy
as they bend
and stretch.

- EEE—
a stretching vibration




Infrared Spectroscopy

Symmetrical stretch Asymmetrical stretch

(~2850 cm™) (~2930 cm™)

IN PLANE

Molecular
Vibrations




Infrared Spectroscopy

Molecular Vibrations

‘&

View

animation.



IR Stretching.exe
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Infrared Spectroscopy

The Components of an Infrared Spectrometer

Source Comparison
' Photo- circuits

multipliers

Recorder




Table 13.4 Important IR Stretching Frequencies

Type of bond

(alcohol)

O—H
(carboxylic acid)
N—H

C—H

Infrared Spectroscopy

Wavenumber (cm™!)

2260-2220
2260-2100
1680-1600
1650-1550

~1600 and ~1500-1430

1780-1650
1250-1050
1230-1020
3650-3200

3300-2500

3500-3300
3300-2700

Intensity

medium

medium to weak

medium

medium

strong to weak Table Of
_— Infrared
strong Data

medium

strong, broad

strong, very broad

medium, broad

medium



Infrared Spectroscopy

Octane — CgH4
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Infrared Spectroscopy

Ethanoic Acid — CH,COOH

C—H \/\/
30 / |

R
=~
<))
Q
c
©
-
=
£
n
c
E
=

201

10- CH,COOH

0 I T . L | I— T | | I T i | T
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800

Wavenumber /cm™’




Infrared Spectroscopy

Propan-2-ol — CH;CH(OH)CHj,
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Infrared Spectroscopy

Propanal — CH;CH,CHO
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Infrared Spectroscopy

Propanone — CH;COCH,
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Infrared Spectroscopy

identify the signals in the IR spectrum of
Benzaldehyde — C;H.CHO




Infrared Spectroscopy

identify the signals in the IR spectrum of
1-Phenylbutan-2-one — C;H.CH,COCH,CH,

O
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Infrared Spectroscopy

identify the signals in the IR spectrum of
2-Methylpent-1-ene — CH,C(CH;)CH,CH,CH,

T
i CHZZCCHQCHQCHg ‘

Wavenumber (cm ! )



Infrared Spectroscopy

identify the signals in the IR spectrum of
N-Methyl Ethanamide — CH;CONHCH,

Il CH,CNHCH; [




Infrared Spectroscopy

identify the signals in the IR spectrum of
Prop-2-yn-1-ol - HCCCH,OH

Wavelength (um)
D 6 T X
\ ] 1 1

[ HC CCH»OH 1]
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Nuclear Magnetic Resonance (NMR)

Richard Ernst
(Born 1933)
Awarded the Nobel
Prize for Chemistry
in 1991.




Magnetic Resonance Imaging (MRI)

A whole body MRI scanner located in a hospital’s radiography unit:




Magnetic Resonance Imaging (MRI)

The monitor of the MRI scanner showing the results of a complete body scan:




Magnetic Resonance Imaging (MRI)

The results of an MRI brain scan showing a large tumour in the right cerebral cortex:

0.0T 001PO1MRO1
Ex: 674000
Average
Se: 889/9
Im: 12/26

III|IIII|III-
—

ET: 1
TR: 18.0
TE: 10.1
H

5.0thk/-4.05p

W:163 L:8 .0 x22.0cm

0.0T 001PO1MRO1 S
Ex: 674000
Average
Se: 890/9
Im: 8/29
Cor: A54.2

12:37°05
512 x 512

5.0thk/-4.0%5

W:163 L:82 .0 x 22.0cm



Nuclear Magnetic Resonance (NMR)

An NMR Spectrometer:
I g*:-"’-a’;{;‘" Radio Wave
- Generator
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View animation.



NMR Spectrometer.exe

Nuclear Magnetic Resonance (NMR)

What are the hazards
associated with operating
an NMR spectrometer?







Nuclear Magnetic Resonance (NMR)

The Components of an NMR Spectrometer #1

Sample tube

Radio frequency

enerator
9 Recorder

probe coil

Applied
magnetic
field
(variable)




Nuclear Magnetic Resonance (NMR)

The Components of an NMR Spectrometer #2

NMR spectrum\

sample in tube

detector and
amplifier

radiofrequency generator I

superconducting
magnet




Nuclear Magnetic Resonance (NMR)

Principles of H NMR Spectroscopy

|
J B-spin state

I

\ magnetic

A field is
‘l applied
J o-spin state

|

no applied
magnetic field




Nuclear Magnetic Resonance (NMR)

The Relative Positions of “Shielded” and “Deshielded”
'H Nuclei in a *H NMR Spectrum

these protons sense a these protons sense a

larger effective magnetic smaller effective magnetic
field, so come into resonance field, so come into resonance
at a higher frequency at a lower frequency

N\ N\

Intensity

deshielded nuclei shielded nuclei

"upfield”

"downfield"
Frequency




Nuclear Magnetic Resonance (NMR

Table 14.1 Approximate Values of Chemical Shifts for "H NMR?

Approximate Approximate
chemical shift chemical shift
Type of proton (ppm) Type of proton (ppm)
(CHj3),Si
o 6.5-8
—CH;

—CH,— = C 9.0-10

Table of Chemical Shifts
for 1H NMR
Spectroscopy

Variable, 1.5
Variable,
Variable

Variable

I
—C—NH, Variable,

“The values are approximate because they are affected by neighboring substituents.




Nuclear Magnetic Resonance (NMR)

1,1,2-Trichloroethane — CHCI,CH,CI

T
C

H |
! cl
C-

o

Cl H“ . Equivalent
' : protons

Two nelghbours give behave as
a triplet a group

v

H

I | |
6 4

Chemical shift 8 / p.p.m.




Nuclear Magnetic Resonance (NMR)

One 'H nucleus (-CH-) can spin on its axis in two possible
ways, and consequently split the signal of any
neighbouring *H nuclei into two peaks (called a doublet):



Nuclear Magnetic Resonance (NMR)

Two *H nuclei (-CH,-) can spin on their axes in three
possible combinations, and consequently split the signal
of any neighbouring H nuclei into three peaks
(called a triplet):



Nuclear Magnetic Resonance (NMR)

Three H nuclei (-CH) can spin on their axes in four
possible combinations, and consequently split the signal
of any neighbouring *H nuclei into four peaks
(called a guartet):



Nuclear Magnetic Resonance (NMR)

Ethanol — CH;CH,OH (Low Resolution)

e

Integral

Chemical shift 8 / p.p.m.



Nuclear Magnetic Resonance (NMR)

Ethanol — CH;CH,OH (High Resolution)

3 protons Integral

2 protons

1 proton

Chemical shift 8 / p.p.m.




Nuclear Magnetic Resonance (NMR)

Methylbenzene — C;H.CH,

| 1 [ i Ft
8.0 7.0 6.0 5.0 4.0 3.0 2.0
O, ppm




Nuclear Magnetic Resonance (NMR)

Ethylbenzene - C;H.CH,CH,

b a

6.0 5.0 4.0
O, ppm




Nuclear Magnetic Resonance (NMR)

Ethylbenzene — C;H.CH,CHj,




Nuclear Magnetic Resonance (NMR)

1,1-Dichloroethane — CH;CHCI,

CH,CHCI,

d (ppm)
<— frequency




Nuclear Magnetic Resonance (NMR)

1,3-Dibromopropane — BrCH,CH,CH,Br

b a b
BrCH,CH,CH,Br

O (ppm)
-<— frequency




Nuclear Magnetic Resonance (NMR)

1-Chloro-3-iodopropane — CICH,CH,CH,|

CICH,CH,CH,

d (ppm)
-<— frequency




Nuclear Magnetic Resonance (NMR)

Iso-Propyl Butanoate — CH;(CH,),COOCH(CHy,),

O (ppm)

<— frequency




Nuclear Magnetic Resonance (NMR)

sec-2-Butylphenol - C;H,(OH)CH(CH3)CH,CHj,




Nuclear Magnetic Resonance (NMR)

Isomer of C,Hq — 2-Bromobutane




Nuclear Magnetic Resonance (NMR)

Isomer of C,Hy — 1-Bromobutane




Nuclear Magnetic Resonance (NMR)

Isomer of C,Hy — 1-Bromo-2-methylpropane




References

Advanced Chemistry, Michael Clugston and Rosalind Flemming,
Oxford University Press, 2000, ISBN: 0-19-914633-0

A-Level Chemistry (4th Edition), E.N. Ramsden,
Nelson Thornes Ltd., 2000, ISBN: 0-7487-5299-4

http://wps.prenhall.com/wps/media/objects/724/741576/index.html

http://wps.prenhall.com/wps/media/objects/602/616516/index.html

http://cwx.prenhall.com/bookbind/pubbooks/hillchem3/
medialib/media portfolio/index.html

Chris Slatter — Nanyang Girls’ High School.


http://wps.prenhall.com/wps/media/objects/724/741576/index.html
http://wps.prenhall.com/wps/media/objects/602/616516/index.html
http://cwx.prenhall.com/bookbind/pubbooks/hillchem3/medialib/media_portfolio/index.html
http://cwx.prenhall.com/bookbind/pubbooks/hillchem3/medialib/media_portfolio/index.html

