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Sighial/detection’is simple

>SPECIalSample eparatlon IS often needed (thin films, KBr pellets....)



ANENIFSPECIHOSCOPY

Ve 1o nenpelar groups and symmetric modes

rre

INETIT errJ@-ﬁ scheme (1 photon eut of a million)

SPECiallSite-specific technigues available

lesenance Raman spectroscopy.
Surface enhanced Raman spectroscopy
Sampling method is often simple

Highly focused laser beam



RESHECIOSCONY.

Charactsrisiics

o

Solution NVIR

Signalintensity can be directly and quantitatively related to chemical group
COfCERLIAON

SERSItve e molecular mobility
SERSIVE to surreunding electronic environment

Sensitvitysdependson the nucleus of interest (natural abundance and
magRetegyrciiatio)

Some nuclei showlittle signal overlap



NVIR S oseiresiee) o)y

Solid-staig NIVIR
nraddition te the characteristic Ilon-state NMR.....

Canstudy frezen solid state conformation

AbilityAteidetermine the position of proton

Ability to'determine the correlation among nuclei



VISSSESPECIIOM e

VEIyAsensitive: (amount of detectablesample, pg and fg)
Abilitysto determine precise mass of a melecular fragment
eirmether melecule (MALDI) |
Needsioehe vaporized and ionized (fragmentation)

Varous sampling and ionization techniques



IR SPECTROSCOPY






White light

Light sources are most of the time “white”

Newton proved that white light is a
mixture of different types of light

Light of different colors are “basic” types of

light

Newton proved this in the 1660’s by using
two prisms to decompose white light




White light




Electromagnetic Wave
B tagnetic field

A [ Electric field
H—_ -

Light

Light is an electromagnetic wave (Electric
and Magnetic fields oscillation and

propagating)

Visible light is only a particular type, with a
particular of oscillation

The complete spectrum of electromagnetic
radiation is referred to as Electromagnetic
Spectrum.
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Characteristics of
waves

® Waves transfer energy without
transporting any of the oscillating “stuff”

® Example: String oscillating

Laws of transverse vibrations of stretched strings



aracteristics of waves

ohe wavelength—

amplitude

=
O]
=
@
Q
L,
o
2
o

distance from source—

Maximum height of the oscillating stuff

13



Characteristics of
waves

® Wavelength: Distance between adjacent




Characteristics of
waves

® The SHAPE moves, the oscillating stuff stays
(the wave propagates, carries energy)

® Frequency: number of crests passing a point
each second. Units = Hertz (Hz) = cycles/s

15



Characteristics of
waves

i

e Velocity of propagation:
determined by frequency
and wavelength of the
wave

S




Characteristics of
waves

frequency x wavelength

/\j\ /\\ /\
How often do How far apart
peaks arrive the peaks are




Characteristics of
waves

frequency X wavelength = speed of propagation

For light, this is ¢ = 300,000 km/s
=3 x 108 m/s

fxAN=c




Characteristics of
waves

fXAN=c

Since c is constant, each type of light is
characterized by its wavelength (or frequency) only




Characteristics of
waves

wavelength=1 cm,
frequency =30 Ghz

wavelength =7 cm,
frequency = 2 X 30 Ghz =60 Ghz

wavelength =7 cm,
frequency =4 x 30 Ghz =120 Ghz

Half A
Double f




Different types of
“light”

-+— shorter
wavelength

(metars)

size of % . [
wavelength L

hydrogen atom  protein bacterium  animal cell  pinhead baseball football field

IAVAVAVA SN T

gamma rays ultraviolet infrared

visible -
microwaves
-+— higher lower —-
1.02& 10 14 “310 1DE
frequency ' L '
(hertz)

on Earth

radioactive X-ray light pecple radar  microwave radio
elemeants machines bulb oven transmitter




Refraction of Particles and Waves
Force Pulls

Waves
®e° .0 Particles /

Wave Ed
Bends ge
Entry

Quantum Mechanic:
and Light

® Experiments (1902) show that light behi =
both as a wave and as a particle. Destructve

==

&
ulls Particles
From Medium Figure 3

Young's Double ISlit Experiment

® Particles (quantum) of light are called
photons (Einstein 1905).

Light as Particles and Waves

Each photon has a wavelength and a
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Quantum Mechanics
and Light

® E=h f = energy of each photon
® h=6.626 107 joules x s
Ll

Planck’s constant




Quantum Mechanics
and Light

E=hxf

The energy of each photon is big in light of high

frequency, but low in light of small frequency




Light and Matter

® The interactions between light and matter

determine the appearance of everything we see.

i‘:

!




Light and Matter

® Refraction, reflection or scattering
® Transmission:

® Transparent objects transmit light.

® Opaque objects block (absorb) light.
® Emission

® Absorption




So...what is light?

Light is a form of energy.

Visible light comes in many colors that
combine to form white light.

It is an electromagnetic wave that also
comes in individual “pieces” called
photons. Each photon has a precise
wavelength, frequency, and energy.

Radio waves, microwaves, infrared, visible
light, ultraviolet, X rays, and gamma rays.




AVYSorption and emission of light

from

absorption

EE—EI = hv

must satisfy Bohr relation

matter

I

21mission

EE—JE1 = hv

emission could be induced
or spontaneous

28



dihe Beer Lambert Law

Most absorbing materials satisfy the Beer-Lambert Law.

!

!
absorbing molecules

If I, = incident light intensity at frequency v
I = intensity of transmitted light at same frequency
= concentration of absorbers
= molar extinction coefficient
length of light path through the absorbers

I,
then longﬂ =£lC

I,
Quantity log;g Tﬂ = A is called the absorbance or sometimes optical density (OD).




Of energies in a molecules

r Atomqg)= Transition +

R

IR frequencies

(2.5 -15 um,
400 — 4000 (cm1)

Microwave frequencies
(1-103m)

Uv-Visb
frequencies
(200-400 nm)

30



Electronic and Vibration energy levels

31



lnfrared Spectroscopy

v’ Substances exposed to radiation from frequency
range 104 Hz to 1013 Hz (wavelengths 2.5um -
15um)

v’ Causing vibrational energy changes in the
molecule

v’ These absorb infrared radiation of specific
frequencies.

v’ Point is to identify functional groups in the
molecule




\Vibrations in Molecules and
Bond Deformations

33



SIMPLE diatomic mo
by stretching.

34



More complex molecules have more possible
deformations

° “ n
!

symmetric stretch




n “ o
l
,f/
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asymmetric stretch
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from this equation we can get the

reciprocal of the wavelength (/,)
this is a direct measure of the frequency



.

2000

1000

10

2.5 x 1013
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Important ...
When an ir spectrum is obtained we do not try to explain the

whole thing, simply look for one or two signals that are
characteristic of different bonds.




0.8

0.6

0.4

‘A

J

O-H bond C-H bond C-0 bond
stretch stretch stretch



ETHANOL

elele aele it

" C-Hbond “C-0O bond
stretch stretch
3010 -2850 cm-! H\ H 1050 cm-!
/
/
=0~ O-H bond

H ‘ \ stretch
p H \ 3670 cm-!

H 40



Some typical ahsorptions

| Bonds responsible Examples

le bondsto H| O-H, C-H, N-H

le bonds C=C, C=N

1500 Double bonds C=C, C=0

500 various C-O, C-X

1500cm-! the IR spectrum can be quite

This region is characteristic of a particular
molecule

Hence known as

50



FRARED

f . OSCOPY

yractice

Pr1nc1ples and






Intrared region of
glectromagnetic spectrum

The infrared region of the electromagnetic spectrum.

Ultraviolet Visible | Near | Infrared Far infrared Microwaves

A\ 1075 10~2
(cm)
A=25X%X10"%cm A=25x10"3cm

= 2.5 um = 25 um
7 = 4000 cm ™! 7 =400 cm™!

S —— e



ummary

1 region of the spectrum photons
not excite elect but may induce
' of covalently bonded

1s and groups. |
ules experience a wide variety of
Phal motion.

ly all organic compound will absorb
that corresponds to these vibrations.

o4



ampling methods

few milligrams of the sample power and
inely ground and pressed under high
is is a useful and very general method

for organic liquids; the liquid is placed into a reservoir
in alkali salt windows.

terial of interest is suspended in oil, such as mineral oil,
esulting paste is spread thinly on a salt window to
form a film. This is a good technique for oils and waxy solids
that do not press well into pellets.



erent samples

a may be obtained from samples
id, solid and gaseous).

examined as a thin film
riched betwee polished salt plates
hat glass absorbs infrared radiation,
NaCl is transparent).




ifferent samples

used to dissolve solids, care must be
important spectral

sorption. Perchlorinated

ents such as car etrachloride, chloroform

trachloroethene are commonly used.

atively, solids may either be incorporated in
KBr disk, prepared under high pressure, or
with a little non-volatile liquid and ground
to a paste (or mull) that is smeared between salt
plates.




rerent samples

lipole moment and light

logical materials in water due to the
m of water obscuring the information.

bination of H,O and DO is often used to
ome this problem.






iNirared spectrum of vanillin




vibration modes in a molecule
of peaks in spectra

posed of n-atoms has 3n
om, six of which are
| of the molecule itself.

of vibrational freedom

ilonal modes are often given descriptive
3, such as stretching, bending, scissoring,
y and twisting.



T of vibration modes in a molecule
~of peaks in spectra

des are often given
5, such as stretching,
ocking, waging and


http://en.wikipedia.org/wiki/File:Symmetrical_stretching.gif
http://en.wikipedia.org/wiki/File:Asymmetrical_stretching.gif
http://en.wikipedia.org/wiki/File:Scissoring.gif
http://en.wikipedia.org/wiki/File:Modo_rotacao.gif
http://en.wikipedia.org/wiki/File:Wagging.gif
http://en.wikipedia.org/wiki/File:Twisting.gif

Intrared spectrum of
formaldehyde

1165 el
_H o wag

22as el

7233 cm
i—H=

s stretch

=

1

2850 crm
i—H=
aszywrn stretch
0
4000 =000 1000




Infrared spectrum of
- formaldehyde

1 molecule of formaldehyde, the
um of which is shown,
e of these terms.

xpect  funde atal vibrations (12
6), and these have been assigned to the
absorptions.




weneral features of infrared
spectra

exact ency at which a given vibration occurs
e strengths of the bonds involved
omponent atoms.

ractice, infrared spectra do not normally display
ate absorption signals for
mental vibrational modes of a molecule.

ber of observed absorptions may be

ad and interactions leading to
ombination tones and overtones of the fundamental
vibrations, in much the same way that sound
vibrations from a musical instrument interact.




general features of infrared
spectra

e

observed absorptions may be
molecular sy , spectrometer limitations, and
on rules.

ection rule that influences the intensity of
ed absorptions, i change in dipole moment
occur for a vibration to absorb infrared energy.

ion bands associated with C=0O bond stretching
1ally very because a large change in the
akes place in that mode.




“features of infrared
spectra

quencies are than
ending frequencies. (It is easier to
0 stretch or compress it.)

e higher stretching

‘bonds have higher stretching frequencies
orresponding couble bonds, which in turn

(Except for bonds to hydrogen).



General regions of an infrared
spectrum
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fingerprint



firdred spectroscopy group
frequencies



Infrared group frequencies
(correlation chart)

YWayenumbers
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Infrared group frequencies

W ave Nurmber, cm 1

1200 1100

1300

1300

2000

2300

000

<000

Wavelength, microns



Airared group frequencies

Intensity of
Functional group class Band position (cm™') absorption

Alkanes, alkyl groups
C—H 2850-2960 Medium to strong

Alkenes
3020-3100 Medium

1640-1680 Medium

3300 Strong
2100-2260 Medium

Alkyl halides
C—Cl 600-800 Strong
>—Br 500-600 Strong
C—1 500 Strong

Alcohols
O0—H 3400-3650 Strong, broad
C—0 1050-1150 Strong

Aromatics

Weak

1660-2000 Weak
1450-1600 Medium

Amines
N—H 3300-3500 Medium
C—N 1030-1230 Medium

Carbonyl compounds”
C=0 1670-1780 Strong

Carboxylic acids
O—H 2500-3100 Strong, very broad

Nitriles
C=N 2210-2260 Medium

Nitro compounds
NO, 1540 Strong

“Carboxylic acids, esters, aldehydes, and ketones.




display strong broad O-H and N-
in the region 3400-3100 cm™. The
due to and a
an often be seen at around

C-H bonds display sharp stretching
ions in the region 3100-3000 cm™. The bands are
ium intensity and are often obscured by other
ces in the region (i.e., OH).



Nirared group frequencies

etching absorptions occur in the
m-!. Absorptions from nitriles



Mirared group frequencies

@-idsiydistretching bands occur in the region
he bands are generally

a0 ~rand brc arbonyl compounds which
nore reactive i leophilic addition

ons (acyl halides, esters) are generally at

r wave number than simple ketones and
wydes, and amides are the lowest,

ing in the region 1700-1650 cm™.

abso



Mirared group frequencies

Carbon-cark bond stretching occurs in
ind 1650-1600 cm. The bands are
Sharp and of medium intensity.

s in the region 1200-1100 cm. The bands
enerally strong and broad. You should note
any other functional groups have bands
in this region which appear similar.



INirared spectrum of vanillin
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Examples of infrared spectra

_1 -
Haug Hum ber . cm Haue Hum ber-, i:r|'|1
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4l

[ | 1 1
3 Y 3 Y
Hauelength, microns Havelength, microns




xemples of infrared spectra

pectrum of benzyl alcohol displays

zen-bonded -OH stretching band
e region ~3400 cm, a sharp unsaturated

2) CH stretch at about 3010 cm™ and a

ated (sp3) CH stretch at about 2900 cm-1;

> bands are typical for alcohols and for

natic compounds containing some saturated

arbon.

Acetylene (ethyne) displays a typical terminal

alkyne C-H stretch.




Examples of infrared spectra
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les of infrared spectra

unsaturated CH bands are

the spectrum of vinyl acetate

. This compound also shows
at 1700 cm™ and an
ple of a carbon-carbon double bond

h at about 1500 cm™. Both of these bands
ifted to slightly lower wave numbers

re typlcally observed (by about 50 cm™)
involving the vinyl ester group.



Example spectra (1)

1-Buthanol a'




Iple spectra

CH,CH,CH,OH



Xxample spectra (2)

(Ethanoic acid)
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1ple spectra

id CH,COOH

-O Stretch 1295 ¢
ydrogen Bonded



Example spectra (3)
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ple spectra

H,COCH,CH,

cm!



ExXample spectra

(ethyl ethanoate)

|




Iple spectra

ate CH;COOC,H;

C-O Stretch 1050 cm™



W
o
=
r.u:

E
[ 7]
=
E

=

&

Infrared
Spectrum

of
Silicone

1 (polydimethylsiloxane)

ACH stretching of CH,
&

/
CHs Asymmetric

deformation of Bi-CHs
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:st:retcl&jng
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trum. It will have a medium width. If you see the
myl band, look for other bands associated with
onal groups that contain the carbonyl by going to

_=0 band is present, check for alcohols and go to
step 3.



ou want to determine if it is part
an aldehyde or ketone. At this



¢ for C-O absorption of medium intensity near
000 cm. There will be no O-H band.



nfrared interpretation

eak aldehyde CH absorption bands will be
t. Look for the carbonyl CO band around 1725-
1705 cm™.



dinterpretation
1d appears in the spectrum, look

or the broad OH band near 3600-3300 cm™ and
absorption band near 1300-1000 cm™.



‘ed Interpretation

and no O-H bands are in the spectrum,
C=C, from an aromatic or an alkene.

1650 cm! for a double bond.
ear 3000 cm.

or weak absorption
will be a CH stretch band

or the benzene, C=C, double bonds which appear as
to strong absorptionsin the region 1650-1450 cm™. The
tch band is much weaker thanin alkenes.



‘ed Interpretation
ious groups can be identified,

ain absorption will be the C-H stretch near

m . The spectrum will be simple with another
ar 1450 cm™.



d interpretation

ill cannot be assigned you may

or the C-H stretch and a relatively simple
um with an absorption to the right of 667 cm-1.



