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	Spectroscopy
	



Questions
1
The effect of electromagnetic radiation on matter. The sample for analysis is treated with electromagnetic radiation and the effects of the interaction are monitored.

2 
a 
Ca, Z = 20, 1s22s22p63s23p64s2
b 
i 
An orbital is a region of space in which up to two electrons move. The 1s orbital is an example.

ii 
A subshell is an energy level within an atom. Subshells contain electrons with the same energy. The 2p subshell is an example. It contains 6 electrons.

iii 
A shell is a major energy level within an atom. Shells contain electrons with similar energies. The second shell (2) is an example. It is made up of two subshells, 2s and 2p, containing 2 and 6 electrons respectively.

iv 
An excited state is any arrangement of electrons in an atom that is not its lowest energy (ground) state. For example, 1s22s22p63s23p64s14p1
3
a
a, b and e represent transitions producing emissions as electrons return to lower energy levels.

b 
b represents the lowest energy transition. It is therefore most likely to be at the low energy (red) end of the spectrum.

c 
e represents the largest energy difference and hence the light emitted of highest energy.

4 
Na and K have different numbers of protons and different energy levels, and hence electron transitions of different energies. Each emits light of its own characteristic energies (characteristic flame colours).

5 
a 
Ca or Li or Sr (all shades of red).

b 
Different metals produce similar colours. Only a limited number of metals produce colours at the temperature of the Bunsen burner flame.

6 
AES uses a hotter flame, enabling a wider range of metals to be excited. Passing the emitted light through a prism produces a unique spectrum of coloured lines, rather than a single flame colour.

7 
a 
Gaseous, as the sample is first vaporised.

b
B is the monochromator, which selects a wavelength to be passed to the detector.

c 
The lamp used as A contains the same metal as the metal being analysed. This lamp contains excited metal atoms, which emit light. This emitted light is of exactly the wavelength that will be absorbed by the metal atoms being analysed in the flame.

8 
a
0.3 absorbance corresponds to 0.125 mg L–1 K+.
0.125 mg in l L ( 0.0125 mg in 100 mL of solution, i.e. 0.0125 mg of K+ in 6.0 g of apple. 

For ppm by mass we require x g of K+ in 106 g of apple.
( x = 
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b 
The light used for analysis will be of a wavelength absorbed by potassium atoms, but not absorbed by other metal atoms.

9 
a 
Absorbance of 0.65 corresponds to 0.26 mg L–1.
0.26 mg in l L (1000 mL) ( 0.0026 mg in 10 mL 
i.e. 0.0026 mg in 2.00 g of fish ( x g of Hg in 106 g of fish 
( x = 
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b 
A wavelength of 254 nm is strongly absorbed by Hg atoms, but not by other metal atoms in the fish sample.

10 
a 
The absorbance spectrum (graph of absorbance versus wavelength) is compared to the absorbance spectra of known substances.

b 
A wavelength is selected (usually the wavelength of maximum absorbance). The absorbances of a set of standard solutions of the substance under analysis are recorded and a standard curve (graph of absorbance versus concentration) is constructed. The absorbance of the unknown is recorded, and its concentration determined by interpolation of the standard curve.

11 
a 
0.15 M

b 
To zero the instrument, thus allowing for any absorbance by the cell and the solvent.

c 
Red light is the colour that is absorbed strongly by the green nickel solution.

d 
Contamination of the cell (due to fingerprints on the outside or inadequate rinsing between measurements).

12 
a 
Absorbance of 0.40 corresponds to a concentration of 170 mg mL–1. The sample was diluted 100-fold, hence the concentration of the sample is 
170 × 100 = 17000 mg mL–1 or 17 g mL–1.

b 
An absorbance spectrum for the protein would be obtained by measuring the absorbance of a protein solution over a range of wavelengths. The wavelength of maximum absorbance would then be selected (providing no other components of the sample absorb this wavelength).

13
a 
For example:

i
C–O (peak at 1200)
ii
C=O (no peak b/w 1680 and 1750)
b 
i 
900–1400 cm–1
ii
This region on the spectrum of an unknown is compared with the same region on the spectra of known compounds. If the absorption spectra match, the compound can be identified.

14
B, ethyl methanoate


The –OH in the propanoic acid would produce a strong/broad peak in the range 
2500–3300. As no such peak appears, the compound is not propanoic acid. The peak at 1725—a C=O group—could belong to both the compounds. The peak at 1200 could be due to the C–O group in ethyl methanoate.

15
In a double beam spectrophotometer there is continual comparison of incident and transmitted light, thus allowing accurate determination of the amount of light absorbed by the sample.

16 
Research.

17 
a
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 (with mass numbers of 85 and 87 the element must be Rb).

b 
Ar = Σ(RIM × abundance fraction) = 
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18 
a 
The molecular ion C7H14O+
b 
M – 29. Loss of CH3CH2: OCCH2CH2CH2CH3+
c 
CH3CH2CO+ and CH3CH2CH2CH2+
d 
CH3CH2+
19 
a 
Tetramethylsilane, (CH3)4Si
b 
TMS is used to produce a reference signal. NMR signals are reported in terms of how far they are shifted relative to this reference signal. Use of the reference overcomes difficulties in maintaining exact conditions of magnetic field strength, and the difficulties posed by the relatively small energy differences between signals of different 1H nuclei.

20 
a 
2 (there are 2 peaks)
b 
1:6 (the integrated peaks show a 1:6 ratio)
c 
Y, as it has 2 types of 1H: 1 × CHBr, 6 × CH3
21 
a 
i 
2

ii
3:1 (9 of one type, 3 of another)
b 
4 (in the ratio 3:1:1:1)

Review questions

1 
a 
Spectroscopy studies the electromagnetic radiation absorbed or emitted by matter. Spectrometry measures the amounts of radiation absorbed or emitted by matter.

b
Infrared radiation is that range of the electromagnetic spectrum with wavelengths from 750 nm to 1 mm. Ultraviolet radiation is of higher energy than infrared radiation and covers the electromagnetic spectrum, with wavelengths from 10 nm to 380 nm.

c 
Emission spectroscopy measures light emitted by samples as they return from an excited to a ground state. Absorption spectroscopy measures light absorbed by samples as they move from a ground state to an excited state.

2 
The fragments produced when a molecule is broken down during the process produce a characteristic spectrum of particle masses. Analysis of these fragment masses can provide information about possible structural units such as –OH and CH3 groups.

3 
a 
Infrared radiation does not have sufficient energy to excite electrons. Its energy is only sufficient to stretch or vibrate bonds.

b 
No two elements have the same set of energy levels, hence no two elements produce the same set of energies of transition between the energy levels.

c 
The very large molecule may fragment completely in the vaporisation, ionisation, acceleration or deflection stages of the instrument.

4
Atomic absorption: Determining the concentration of mercury in a water sample.
UV-visible: Identifying a performance-enhancing drug in a urine sample.
Infrared: Detecting the presence of a C=O band in a molecule.
Mass: Assessing the ratio of 16O to 18O in an ice sample.
NMR: Determining the structure of a hydrocarbon with molecular formula C6H14.
	5
	Radiation used
	Radiation absorbed by
	Energy levels involved

	
	Radio waves
	Nuclei
	Nuclear spin

	
	IR
	Covalent bonds
	Vibrational

	
	UV
	Electrons
	Electronic


6 
a 
Wavelength, nm

b 
Wave number, cm–1
c 
Chemical shift, ppm

d 
Mass-to-charge ratio (m/e)
7 
a 
The emission spectrum (coloured lines on a black background) of an unknown is compared with the spectra of known elements.

b 
The absorbance spectrum (series of bands) of an unknown is compared with the spectra of known substances.

8 
a 
To create an absorbance spectrum, so that the wavelength to be used in the quantitative analysis (usually the wavelength of maximum absorbance) can be determined.

b 
To create a calibration curve—a graph of absorbance versus concentration.

c 
To zero the instrument; the blank reading allows for any absorbance by the solvent and/or the cell.

9 
a 
For example:

•
Both use a sample in solution.

•
Both use visible light.

•
Both can be used for coloured solutions.

b 
For example:

•
UV-visible can use wavelengths outside the visible range.

•
UV-visible can be used for non-coloured solutions.

•
UV-visible uses an exact wavelength for absorption, rather than simply a coloured light.

10 
a 
The lamp chosen to provide the light contains the metal being analysed in the flame. For example, a sodium lamp is used when sodium is being analysed.

b 
An absorbance spectrum (a graph of absorbance versus wavelength) is generated by measuring the absorbance by the sample of various wavelengths. Usually the wavelength of maximum absorbance is chosen for use in the analysis.

c 
A filter of complementary colour to the solution being analysed is used to provide suitable light.

11 
a 
i 
Absorbance 0.30 corresponds to 300 ppm Cu.

ii 
Dilution factor for 100.0 mL solution was 1 in 5, ( [Cu] in the 250.0 mL flask was (5 × 300) ppm.


The Cu all came from 5.0 mL of solution, a dilution factor of 5 in 250.0 
or l in 50.

( [Cu] in the 5.0 mL aliquot was 5 × 300 × 50 or 75 000 ppm.

iii 
75 000 ppm is 75 000 mg L–1 or 75 g L–1. Hence 75 g was used.

b 
i 
Cu solutions absorb strongly at this wavelength.

ii 
The wavelength used will correspond to the complementary colour to the blue solution, hence orange/red.

12 
a 
i
The relative mass of each isotope
ii 
The relative abundance of each isotope
b 
Ar = Σ(RIM × abundance fraction) = 
[image: image7.wmf](

)

(

)

100

5

.

70

205

5

.

29

203

´

+

´

 = 204.4

13 
a
i 
Absorbance 0.50, hence concentration 1.0 g L–1
ii
1.0 g in 1 L ( 0.10 g in 100 mL


or 0.10 g of Fe in 1.0 g of ore


( x g of Fe in 100 g of ore ( x = 10 g, i.e. 10% m/m
b 
The solution is purple, hence a green filter is used.

c 
Gravimetric analysis of a precipitate produced by treatment to produce Fe(OH)2, which is then heated to form Fe2O3, or volumetric analysis by redox titration of Fe2+ ion with MnO4–/H+ solution.

14 
a
i
3
ii
6:1:2 (6 × CH3, 1 × CH, 2 × CH2Br)
b 
i 
3
15 
a 
i 
Absorbance 0.27, hence concentration 5.4 mg L–1
ii 
5.4 mg in 1 L (1000 mL) or 5.4 mg in 0.50 g of tablet


( x g in 100 g of tablet, ( x = 
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 = 1.08, i.e. 1.1% m/m

b 
To relate absorbance to concentration.

16 
a 
Absorbance of 0.48, concentration of 9.20 

(Plot the graph and draw a line of best fit. The graph does not pass through 0.)

b 
The sample should be diluted so that its absorbance falls within the range of absorbances of the standards.

c 
Colour absorbed is violet so the solution is the complementary colour, yellow/green.

17 
a 
A = lamp, B = filter, C = detector, D = recorder
b 
The colour of B is complementary to the colour of the sample being analysed.

c 
The sample is in solution.

18 
a
M – 1, C2H5O+ (loss of H)

b 
M – 15, CH2OH+ (loss of CH3)

c 
M – 17, CH3CH2+ (loss of OH)

19 
a 
The types of 1H nuclei found in the compound being analysed; this information comes from the chemical shift values.

b 
The relative numbers of the different types of 1H nuclei found in the compound. This information comes from the peak heights on the integrated spectrum.

20 
a 
i
Both will have 2 peaks.

ii
Both have peaks in the area ratio 3:1.

iii
The values of the chemical shifts for the peaks will be different. These values indicate the types of 1H nuclei, e.g. 11–12 for the –OH in CH3COOH.

b 
i 
Different peaks will indicate different functional groups, e.g. OH peak for CH3COOH in the range 2500–3300 cm–1, C–O peak for HCOOCH3 in 
the range 1000–1300 cm–1.

ii 
The fingerprint region of the spectrum of the ‘unknown’ could be compared with that of the spectrum of a pure/known sample.

Examination questions

Multiple choice

1
D

2
A

Extended response

1 
a 
An absorbance spectrum would be obtained by recording the absorbance of a sample at various wavelengths. The wavelength of maximum absorbance would then be selected (assuming other metals in the sample did not absorb this wavelength).

i 
Absorbance = 0.42, hence concentration = 0.20 M

ii 
0.20 M


( n(Cr) = c × V = 0.20 × 100.0 × 10–3 mol


( m(Cr) = n × M = 0.20 × 100 × 10–3 × 52.0 = 1.04 g

iii
We have 1.04 g in 10.9 g ( x g in 100 g ( x = 9.54, i.e. 9.5% m/m

c 
Atomic absorption spectroscopy (AAS)
d 
Cr2O72–(aq) + 14H+(aq) + 6e– ( 2Cr3+(aq) + 7H2O(l)

CH3CH2OH(aq) ( CH3COOH(aq) + 2H+(aq) + 2e–
2
a
i
Infrared radiation is absorbed by molecules that move from ground state to excited vibrational energy states. The energy is absorbed as bonds within the molecules bend and stretch.

ii
The peak at 1710 cm–1 suggests a C=O bond, as in structures X and Z.

b 
i 
Radio waves
ii  
It provides information about the environment of each 1H nucleus. For example, a CH3 1H nucleus has a chemical shift of between 0.7 and 1.3.

iii 
Single peak, hence one type of 1H nucleus; X. Z would show 3 peaks.

c 
Compare the fingerprint region of the infrared spectrum of X with that of a known sample of acetone (compound X is acetone), or compare the mass spectrum fragmentation pattern of X with that of acetone.
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