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CHEM1102 Worksheet 4: Spectroscopy Workshop (1)

This worksheet forms part of the ‘Spectroscopy Pl Solving Assignment’ which represents 10% of
the assessment of this unit. You should use theparpmaterial on eLearning alongside this worksheet
and your lecture notes. The assignment is assessemligh online quizzes and must be completed by the
end of week 7. Spectroscopy Workshop (2) will fallm the week 5 tutorial.

Model 1: Infrared (IR) Spectroscopy

You have seen in lectures how bonds stretch and.b&right wave of the correct frequency will be in
resonance with a bond in motion and transfer ieygnto this motion, like a parent pushing a swinght
absorbed by the molecule in this manner falls mitifrared range. The frequencies at which somel$on

stretch is quite similar in different moleculeslBospectroscopy can be used to identify bonds, arfeence

functional groups, in a molecule.

The table below lists IR absorption frequenciessfmme common bonds found in organic molecules:
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Bond alcohol alkane carbonyl amine alkyne
O-H C-H C=0 N-H c=C
Absorptlo_nl Range| 3200-3650 2840-3000 1690-1760 3100-3500 2100-2260
(cm™) (strong, broad (strong) (strong)
Critical thinking questions
1. Use the characteristic stretching frequencieantich the four compounds below to their IR

spectrum.
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Model 2: UV-Visible Spectroscopy

In Worksheet 3, you saw how a chain of double bpedsh separated by exactly one single bond cauld b
drawn in different resonance forms. This patterdaible-single-double bonds is callezhjugation

Benzene is the classic example of a conjugatedaulae

In CHEM1101, you learned about molecular orbitiisconjugated molecules, the energy needed toeexcit
an electron from thdnighest occupied molecular orbital (HOMO) to thelowest unoccupied molecular
orbital (LUMO) is in the ultraviolet or even in the visiblegion of the spectrum.

For conjugated systems, this LUMO-HOMO energy défece falls in the UV-Vis range.

Critical thinking questions

1 Which of the molecules below are conjugated?
OH OH o)
YO CF Y o
0
2. Circle the molecules above which would show akpe the UV-Vis spectrum?
3. How useful do you think a UV-Vis spectrum iddentifying organic molecules?

Model 3: *H NMR Spectroscopy - Chemical Shifts

NMR spectroscopy(most oftent®C andH, other nuclei as welis the most powerful tool for identifying
organic molecules This is due to its sensitivity. Each unique carbo hydrogerj will give rise to a specific
signal (peak), with a characteristahemical shift (position) in the NMR spectrum

Nuclei give rise to identical signals only whenyhare in the samehemical environment This occurs
when:
() they are attached to exactly the same atoms (@egd thydrogen atoms of GHire equivalent and
give rise to only one peak)
(i) are related by symmetry (e.g. the two{3jfoups in propane are equivalent).

Critical thinking questions

1. Indicate each H environment in the moleculeswe(Hint: you should first draw them on!)
HO
HO
2. How many signals would you expect in thespectra for these compounds?

*For a more in depth analysis of the material in Models 3 - 4, see the online resources on eLearning.



The chemical shift tells us what other atoms amrme If the’H is bonded, or near, to an electronegative
atom like O, N or a halide, the electron densityuad the nucleus is lowered and its chemical sift
increased.

The hybridization of the carbon atom to which tHl is bonded is also important. M bonded to asp® C
atom (e.g. in an alkane) has a smaller chemic#l tsisin a'H bonded to asp? C atom (e.g. in an alkene or
carbonyl).

The figure below shows the characteristic chemstdits ¢) for *H atoms in common groups, with R =
alkyl and Ar = aromatic.

] ; — Eth Sulfid Hat. alkanes
gDy Aromatics RyC=CHy RO'%?'I. RS—CI—? S TR
— ’ ' ’ N ' ’

RCH=CHR—— fichels \RC=CH
Fho-CH— Ar-CH—— —— B U=CR-CH

FCH | CI-CH, ICH,
o
Br-CH—— ——R-LCH
Esters
RCOTCH T NC-CH
D H-CH —— —— R M-CH
RCO,H Areide ROONH ROH
PHOH R MH

I I I I I I I I I I I I I
120 110 1nn | 20 10 (] 50 4.0 in 20 10 0.0 ppr(E)

3. Predict thewumber of signals and the approximatieemical shifts for the molecules below.
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Model 4: *H NMR Spectroscopy - Coupling

'H NMR spectra have an added level of complexitgighal may be “split” by the presence'sf atoms on
adjacent carbon atoms.

« the signal due to #1 next to a CH group appears as a 2 peddub(et with relative heights 1:1)
« the signal due to #1 next to a CH group appears as 3 peaksplet with relative heights 1:2:1)
« the signal due to #1 next to a CHgroups appears as 4 peatsaftet with relative heights 1:3:3:1)

Note: equivalent protons do not split each other +e. a signal is not split by the protons giving ge to
the signal. Hence, in the'H NMR spectrum for ethane, in which all of the hydogen atoms are
equivalent, consists of one signal which is a siregl

Critical thinking questions

1. What is the relationship between the numbereakp into which a signal is split and the number of
hydrogen atoms on the adjacent carbon atoms?

2. How many hydrogen atoms must there be on adj@aegbon atoms if the signal is a singlet?

3. The'H atoms on the central carbon atom in propane exé o two —CH groups. Into how many
lines would you expect their NMR signal to be $plit



Model 5: *H NMR Spectroscopy - Integration

The height of a peak (specifically thaegral of the area under the peak) is related to the eurobprotons
it represents. If the ratio of the integrals of tp@aks is 2:3, the ratio of protons representethbye peaks
is also 2:3.

Critical thinking questions

1. Assign the peaks of thel NMR spectrum ofZ)-1-2,diethoxyethaneshown below, and explain
the spectrum in much details as you can, including the relative position of the signals, the
splitting and the relative sizes of the peaks..

6 5 4 3 2 1 0
PPM
2. Repeat this exercise for butanone
\)Ok
| )
3 | 2 1 0
PPM
3. Sketch the resonances you would expect to obseryadtons H and Ony H
Hcin the®H NMR spectrum of the compound opposite. Enstaé th 4 B B H
the approximate chemical shifts, as well as peéikisgs and signal A O& c
integrations are incorporated in your answer. (fH#s®nance for His  Hy Hc
provided as a guide.) Ha He
Ha, singlet,

Integration = 3




