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Questions
1
a
The solvent will dissolve the sample.

b 
The inks in the pen would separate and interfere with the development of the chromatogram.

c 
The solvent moves further than the solutes—the solvent carries the solute, so the solute cannot move ahead of the solvent.

2 
a 
4 in total.

b 
Rf(yellow): 
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Rf(red): 
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c 
Sketch required.

3 
a 
For example: both have a solid stationary phase and a liquid mobile phase, identification in both is made by calculating Rf values.

b 
For example: faster, more sensitive, capable of greater resolution and allows for use of a wider range of solvents.

4 
a 
Components adsorb to the stationary phase and desorb into the mobile phase to different degrees depending on their size and polarity. These differing adsorptions and desorptions result in different rates of movement, and hence separation is achieved.

b 
Rf values: A = 
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Rf values of B, C, E and F all differ.

A and D are probably the same component found in both dyes.

5 
Separation occurs due to adsorption and desorption from the stationary phase surface. Greater surface area means more effective separation.

6 
a 
Peak times

b 
Peak areas

c 
Peak times

d 
Peak times

7 
a 
Orange carotenes

b 
Green chlorophyll A

c 
A set of standard solutions of the pigment being investigated is run through the column. Chromatograms are obtained and a standard curve (peak area versus concentration) is generated. The peak area of the unknown is used to find the concentration by interpolation of the standard curve.

8 
Dispersion forces increase with increasing molecular size. Thus the strongest forces occur for decane, the weakest for butane. The molecules with the strongest dispersion forces adsorb most strongly to the stationary phase and so have the longest retention times. Thus D is decane, A is butane, B is pentane and C is octane.

9 
a 
The soft drink has at least three components. The Rt values for each peak would be compared with Rt values for known samples of caffeine, vitamin C and saccharin obtained under the same conditions. Identifications could then be made.

b 
Peak areas for each component would be compared with peak areas obtained for sets of standards of each known substance. Concentrations would be determined by interpolation of standard curves.

10 
a 
For example:


Both involve a column filled with the stationary phase and a mobile phase that moves through this column. 


Identification in both is made by considering retention times for substances. 


Both can be used qualitatively and quantitatively for analysis of organic compounds.

b 
For example:

HPLC uses a solid stationary phase; GLC uses a liquid stationary phase. 

HPLC uses a liquid mobile phase; GLC uses a gaseous mobile phase. 


HPLC can be used for non-volatile organic compounds; GLC is only suitable for compounds that can be vaporised without decomposition.

11 
a 
Peak area of 12 corresponds to concentration 5% v/v.

Dilution factor is 1:3, hence concentration is 15% v/v.

b 
Redox titration with acidified Cr2O72– solution or HPLC can be used.
12
a 
Add water. NaCl dissolves, BaSO4 does not. Alternatively, use AAS.

b 
Use HPLC to compare retention times of sample with that of known barbiturates.

c 
Use AAS or redox titration of Fe2+ ion or gravimetric analysis by precipitation (to form Fe2O3).

d 
AAS

e 
HPLC

f 
TLC or paper chromatography

g 
AAS

h 
Mass spectrometry or infrared spectrometry (compare spectra of the protein and known proteins)

i 
Redox titration with an Fe2+ standard

Review questions 

1 
a 
Stationary phase: The phase that does not move. Components of the mixture to be separated or analysed adsorb (stick to) this phase, e.g. the paper.

b 
Mobile phase: The phase that moves over or through the stationary phase. Components of the mixture dissolve in, or are carried by, this phase, i.e. the solvent.

c 
Rf: The ratio of distance moved by the solute to distance moved by the solvent.

d 
Adsorption: Sticking or adhering to.

e 
Desorption: ‘Unsticking’ or separation from.

2 
a 
Distance moved by solvent = 12 cm. 



Distanced moved by solutes: blue = 0.60 × 12 = 7.2 cm, red = 5.4 cm,
yellow = 4.2 cm

b 
The one with the smallest Rf (the shortest distance moved), hence yellow

3 
For student X, Rf = 
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For student Y, Rf = 
[image: image8.wmf]3

.

8

9

.

4

 = 0.590


The Rf values are only very slightly different (within experimental error), hence the samples are probably the same substance. A second chromatogram using another solvent would help decide. 

4 
Retention time relates to how strongly the component adsorbs to the stationary phase. For hydrocarbons, adsorption is by dispersion forces. These forces increase in size as molecular size increases; hence, larger molar mass hydrocarbons have longer retention times.

5 
a 
A: Rf = 
[image: image9.wmf]2

1

2

.

11

 = 0.93; B: Rf = 
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b 
A = proline, B = valine, C = alanine

c 
Other amino acids may have the same Rf values as those listed, so it is possible that the identifications are incorrect.

d 
Rf values depend on the apparatus (degree of saturation for example) and the conditions (e.g. temperature). Therefore samples and standards must be processed in the same way.

6 
a
i
liquid
ii
solid
iii
liquid (or in solution)

b 
Sketch required, similar to figure 6.3.3. Shortest Rt will be butanol, longest Rt will be octanol.

7 
In GLC the sample must be able to be vaporised without decomposition, often restricting its use to substances with molar masses of less than 300 g mol–1.

8 
Paper: Food colouring dyes

GLC: Volatile organic compounds

Thin layer: Plant leaf pigments

HPLC: Non-volatile organic compounds

9 
Rt values match for peak 1. This provides evidence of the presence of amphetamine.

10 
a 
Rf values of the unknown substances are compared with Rf values of known substances obtained under the same conditions.

b 
Rt values are compared.

11 
a 
A = carrier gas (mobile phase), B = sample injection part, C = column, 
D = detector

b 
The column is filled with the stationary phase, a high boiling point liquid coated onto the surface of fine granules of inert solid. Here the components of the mixture adsorb and desorb so that separation occurs.

c 
A flame ionisation detector (FID). Burning hydrogen ionises components as they elute from the column. These ions produce a current that is amplified and recorded.

12 
a 
Greater separation of the peaks A to C

b 
Longer retention times for A, B and C

c 
A higher peak for B. No change to A or C

13 
a 
Destructive (sample is vaporised)

b 
Non-destructive

c 
Non-destructive

d 
Destructive (Sample is ionised and may be split into fragments.)
e 
Destructive (Sample is separated. Eluted components may be ionised by the FID.)
f 
Destructive (Samples react chemically with an oxidant or reductant.)
14


	
	Detector
	Light source
	Monochromator
	Vaporised sample
	Calibration curve
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	Technique
	Use

	Acid–base volumetric analysis
	Determination of the ammonia content of a cleaner 

	Atomic absorption spectrometry
	Determination of the sodium content of mineral water 

	Redox volumetric analysis
	Determination of the sulfur dioxide content of a white wine

	High performance liquid chromatography
	Separation of drugs found in a urine sample 

	Thin layer chromatography
	Separation of plant leaf pigments 

	UV-visible spectrometry
	Measurement of the haemoglobin content of a blood sample 

	Nuclear magnetic resonance spectroscopy
	Determination of the structure of a branched hydrocarbon 

	Infrared spectroscopy
	Identification of the presence a C=O group in a molecule 


Examination questions

Multiple choice

1 
B

2 
B

Extended response

1 
a 
Most volatile has lowest boiling point, weakest dispersion forces, and shortest retention time: M.

b 
Concentration relates to the area under the peak. This area is a maximum for hydrocarbon O, hence O is present in the greatest quantity.

2 
a 
Retention times for the standards and the sample are the same, hence the substances are the same (ethanol).

b 
Peak area of 46 corresponds to a concentration of 11.5% v/v.

c 
11.5% v/v means 11.5 mL of ethanol in 100 mL of wine.

( 
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 mL ethanol in 750 mL of wine.

mass = density × volume 


= 
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 = 67.7 g

There are 67.7 g of ethanol in 750 mL of wine.
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