Fragen zum IR-Programm

Bereich : Introduction of spectroscopy

1.) F.W. Herschel entdeckte als erster die Bedeutung der IR — Strahlung fiir die
Spektroskopie. Welche Experimente flihrte er durch?

2.) Wie verdndert sich die Wellenldinge vom nahen zum fernen IR? Experimentieren Sie
ein bisschen mit dem Programm und beobachten Sie die Verdnderungen der Frequenz

und Energie.

3.) Wie beeinflusst die IR-Strahlung die Molekiile?

4.) Wie ist ein einfaches IR — Gerét aufgebaut?

By plocing o prism in the beom of light,
MNewton showed thot white light is composed
of different colors. Violet light is bent the most
by the prism, while red light is bent the lecst.
Although this wos known before MNewton, he
wis the first to describe it accurately.

Mustration adapted from Yoltaire's
Eiements de la Philosookie de Newidon (1728)
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Much loter, Frederic Wiliom Herschel imogined
the existence of other components of white
light, outside the visible region. The region
ofter the red port of the visble spectrum is
colled the infrared (IR] region.

 Infrared Light
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Introduction to Spectroscopy

‘Wovelength

A= [06.0]
Wervenumber
V=

Energy

E=|U.U4x1u'2”J|

The wavelength of o beom of light defines its
position in the electromognetic spectrum. 1t s
often more convenient to use the wavenumber
N, defined os the inverse of the wowvelength. The
energy of the light is related to its wovelength
by the farmula E = ho /A = heV, where h is Plonk's
constont [6.62 % 10734 Jag)

Drag the indicator bar (far left) vp and down.
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E=|17.9x10'2”J|

The wavelength of o beom of light defines its
position in the electromognetic spectrum. It is
often more convenient to use the wavenumber
¥, defined as the inverse of the wovelength. The
energy of the light is related to its worvelength
by the formula B = he /M = he'W, where b is Plank's
constont (6,62 & 103734 Jas).

Drag the indicator bar (far left) vp and down.




Bereich: Theory of IR

1.) Um sich vorstellen zu konnen, wie sich Molekiile bei IR-Strahlung verhalten, gibt es
verschiedene Modelle. Die Einfachste ist das Federmodell (spring =Feder). Versuchen
Sie herauszufinden, wie sich die Frequenz dndert wenn es sich um:

- grofle bzw. kleine Massen handelt
- starke und schwache Bindungen.

2.) Das Modell der Feder trifft allerdings nicht ganz zu. Wihrend man sich bei der Feder
beliebige Energiemengen vorstellen kann, ist die Energieaufnahme bei Molekiilen
begrenzt.

Warum kann die Energie nur portionsweise aufgenommen werden und warum gibt es
ein Energielimit? (Hilfe : durch Ausprobieren des interaktiven Teils bekommen Sie
Infos).

3.) Welche Bedingung muss ein Molekiil mitbringen um IR-aktiv zu sein ?

4.) Was versteht man unter Fingerprintbereich?
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Madel of a Simple Molecule

A& diatomic molecule can be modelled by
a spring with foree constant £ attached
to twoballs of mass m. This is called the
classical harmonie oscillatar model.
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The vibration frequency V iz related to the
foree constant £ and mass mby the equation;

Therefore, a larger force constant (stronger
spring) results in a higher frequency...
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A larger mass results in a lower frequency,
but the potential energy curve does not
change.
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Theory of Infrared Spectroscopy
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In the quanturn mechanical model, a molecule
in may only absorb (or emit) light of an energy
5 equal to the spacing between two levels,
E .= = hvy Furthermare, for a harmonic ascillator these
2 2 transitions can only accur from one level ta
the next higher (or lower) level, i.e. An =1,
This is called the selection rule.
Press the buttons below to see absorbtion and

emission:

L Absorb [ Emit |

Potzntial Energy

(The molecule would
break apart if it ab-
sorbed more energy)
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Because of the selection rule, a molecule can
only absorb light with energy equal to hw.
hy Therefore, the infrared spectrum of this
molecule should have a single peak at the
frequency corresponding to that energy.

Potential Inergy
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hv A higher frequency (due to a larger force
canstant ar a smaller mass) results in a larger
spacing between the levels ... and a lower
frequency results in a smaller spacing
between the levels.

{Click on the arrow above)
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The wibrotion con be broken up into three
simpler motions, coled normnal modes. For
woter, these are the bend, symmetric
stretch, ond ontisymmetric  stretch. Every
nordingor molecule hos  exoctly 3N-6
normal modes [where M ois the number of
otoms in the molecule).
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Symmetric Hretch

dince eoch normol mode hos o chonge in
dipole moment os it wiorotos, coch wil
ohsarty infroved light. Three pecks  should
oppecr in the infroved spectrum of water,
Mote thot the two strefching wibrotions
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CHz Vibrations

CHo Vibrations
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Eoch functionol group therefore hos o set of
group frequencies which correspond  to the
normcl modes for the group.
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Fingerprint Region

Peoks below 1432 cm-! are port of the so-colled fingerprint
region. Mony of the bonds ocbserved in this region ore
dependent on the overcll moleculor  structure rother  thon
individuol  functioncl groups. The pottern in this region s
therefore very specific for o molecule ond comporison with o
reference spectrum con positively identify o compound.

The remoining sections of the progrom cre fully interpreted
infrared spectra. Click on the double arrow to begin with
Hexrne



Bereich: Interpretation of spektra

Dieser Bereich ist besonders wichtig weil Sie hier beobachten kénnen, wie die einzelnen
Gruppen schwingen.

1.) Vergleichen Sie Hexan mit Cyclohexan (mit Overlay). Welche Unterschiede stellen
Sie fest ?

2.) Warum findet man bei hohen Wellenzahlen Valenzschwingungen (=hier stretching)
und in niedrigen Bereichen Deformationsschwingungen (= hier bending) ?

3.) Vergleichen Sie Hexylamin mit Tributylamin. Welche Unterschiede stellen Sie fest ?

4.) Im Programm ist das Molekiil Toluol enthalten. Interessant ist fiir uns der
Grundkorper: das Benzol. Welche typischen Schwingungen findet man ?



