Module 5          Analytical, Transition Metals and Further Organic Chemistry
	Content
	In
	Comments

	5.1
Analytical Techniques
	  
	  

	Mass Spectrometry
Mass spectra of organic molecules (base peak, molecular ion peak, M-l peak, fragmentation patterns).  Identification of the major fragment ions in a given mass spectrum and of a molecule from its mass spectrum.  (Rearrangements will be excluded)
	3.5
	Note: M -1 peak may mean M + l peak (31.5).

	Use of mass spectrometry to determine mechanisms through isotopic labelling.
	27.4
	  

	Nuclear Magnetic Resonance Spectroscopy
Simple outline of the principles of nuclear magnetic resonance.  Use of TMS as a standard.  Recognition of chemically equivalent hydrogen atoms.  Use of chemical shifts (from tables), peak integration and spin-spin splitting to suggest a molecular structure from a 1H n.m.r. spectrum (limited to simple organic compounds containing six or less carbon atoms).
	32.5, 32.6, 32.7
	  

	Infra-red  Spectroscopy
Understanding that absorption of radiation arises from molecular vibrations.  The use of infra-red spectra to elucidate molecular structure by identifying simple functional groups using tables of characteristic wave numbers.
	32.3, 32.4
	  

	Ultra-violet and visible spectroscopy
Understand that ultra-violet/visible absorption of radiation arises from electronic transitions between energy levels.  Know that molecules with extended delocalised electron systems (conjugation) are likely to absorb light in the visible region and thus appear coloured.
	32.2
	  

	The use of ultra-violet/visible spectra to elucidate molecular structure by identifying simple functional groups using tables of characteristic wavelengths.
	32.2
	  

	The meaning of the term chromophore.  Explanation of the colour changes in acid-base indicators such as methyl orange in terms of a change in the chromophores.
	32.2, 12.8
	  

	Volumetric Analysis
Simple examples of back titration including determination of the purity of a Group II carbonate and of the percentage of ammonia in an ammonium salt.
	9.7
	  

	Use of double indicator method to determine the composition of a mixture such as sodium hydrogencarbonate/sodium carbonate.
	12.9
	  

	Use of edta to determine (separately) magnesium and copper ions in solution.  Names and colour changes of indicators.
	20.8
	  

	Colorimetry
The use of colorimetry to determine the percentage of iron in aluminium foil and, by Job’s method, the formula of a complex such as that between copper (II) ions and ammonia.  (The theory of colorimetry is not required.)
	  
	Colorimetry is discussed in 15.2.

	Chromatography (theory excluded)
Simple experiments to illustrate paper and thin-layer chromatography (on prepared plates) leading to an understanding of R( values; two way chromatography.  The commercial and research values of the above techniques and GLC.
	31.3, 31.4
	At research level, HPLC (31.4) is the most valuable technique.

	5.2
Transition elements (from Ti to Cu, with specific reference to Cr and Fe)
General characteristics such as incomplete d-shell, metallic nature, variable oxidation states, catalytic action, formation of coloured aqua and other complexes.  Application of VSEPR to predict shapes of ions etc. mentioned below.
	20.1, 20.7
	  

	Changes of oxidation state
Preparation of chrome alum by reduction of potassium dichromate, and preparation of potassium dichromate by oxidation of a chromium (III) salt.
	  
	  

	The oxidation of Fe (II) to Fe (III) using chlorine and using H2O2.  The reduction of Fe (III) to Fe (II) using zinc and dilute acid and using sulphites.
	20.5
	  

	Titration of iron (II) with acidified manganate (VII).
	13.4
	(see also photo in 13.3)

	Complexes
Complexes understood as consisting of a central metal atom or ion surrounded by a number of ligands, defined as anions or molecules possessing lone pairs of electrons.  Coordination number.  Spatial arrangement of the bonds from the ligands to the central atom or ion up to six outer electron pairs.  The geometric isomerism of square planar platinum complexes eg cisplatin.  The use and mode of action of cisplatin as an anti-cancer drug.
	20.7,

20.7, 20.9
	  

	Colours in solution of the hexa-aqua complexes of Cr3+, Mn2+, Fe2+, Fe3+, Co2+, Ni2+, Cu2+.  The use as qualitative detection tests of the formation of precipitates of the hydroxides of these metals with NaOH(aq) and NH3(aq) and, where appropriate, their subsequent dissolution.
	20.1

20.11
	Photo in 20.1 shows all but Fe2+

	Experimental study of the formation of complexes from the hexa-aqua cations viewed as a step-wise ligand replacement reactions.  The use of stability constants to determine the feasibility of ligand replacements.  Stability constants are to be regarded as equilibrium constants which can be for overall ligand replacement or for individual steps which multiply to give the overall constant.  (Alternatively their logs may be added.)  By convention, water being present in excess is not included in the stability constant expression.  (Candidates will not be expected to quote names of complexes.)
	20.8
	  

	Colours, formulae and use in qualitative detection tests of [CuNH3)4(H2O)2]2+, [CoCl4]2-, [Fe(CN)6]3-, [Fe(CN)6]4-, [Fe(SCN)(H2O)5]2+, [Ni(NH3)6]2+, [CuCl4]2-, [Co(NH3)6]2+.  Distinction between monodentate and chelating ligands, 1, 2-diaminoethane and edta as examples of chelating ligands.  Formation and colours of [Ni(en)3]2+ and [Ni(edta)]2-.
	20.7

20.8

20.10

20.11
	Photo of [Cu(NH3)4(H2O)2]2+ and [CuCl4]2- in 20.7.

Photo of [Fe(CN)6]3- in analysis in 20.11.

Photo of [Ni(en)3]2+ in 20.8.

Photo of [Co(NH3)6]2+ in 20.10.

	Catalytic Behaviour (See also section 2.8)
The use of transition metals as heterogeneous catalysts, such as nickel in the hydrogenation of C=C double bonds.  The action of transition element ions with variable oxidation states as homogeneous catalysts, illustrated by the catalysis of the decomposition of OCl- ions to O2 by Co2+.
	20.6, 22.7
	Photo of Co2+ acting as catalyst in 20.6

	5.3
Arenes
Petroleum as the industrial source of benzene (details of the reforming process not required).
	22.3
	  

	Structure and shape of the benzene molecule to include reference to the delocalised [image: image1.png]


 electrons.  (No reference to hybridisation is necessary.)
	23.1
	  

	Comparison between the reactivities of benzene and an alkene related to bond type and bond enthalpy.  The resistance of benzene to addition of bromine and comparison with an alkene.
	23.1
	  

	Monohalogenation of benzene by Br2 and a catalyst; mononitration by concentrated HNO3 and concentrated H2SO4.
	23.2, 23.3
	  

	The mechanism of the formation of nitrobenzene from benzene viewed as electrophilic substitution.
	23.3
	  

	Preparation of methyl 3-nitrobenzoate from methyl benzoate to illustrate nitration of the benzene ring.
	  
	Practical section

	5.4
Amines (restricted to primary aliphatic amines and phenylamine)
Formation of primary aliphatic amines by reduction of nitriles using LiAlH4 and by the reaction of ammonia on alkyl halides.  Formation of phenylamine by reduction of nitrobenzene using tin and hydrochloric acid, to the phenylammonium salt (practical experience and details of the anion not required), followed by liberation of the free amine by addition of alkali.
	28.2

28.3
	  

	Reference to the effect of hydrogen bonding on boiling point and solubility in water.
	  
	  

	Formation of salts with mineral acids.  Relative basic strengths of ammonia, primary aliphatic amines, phenylamine.
	28.2
	  

	Reaction with ethanoyl chloride and the use of this reaction to identify unknown amines.
	28.2
	  

	Reaction of ethylamine and phenylamine with nitrous acid.  Comparison of the stability of the diazonium ion formed.
	28.3
	  

	Formation of benzene diazonium chloride from phenylamine and its conversion to phenol and to iodobenzene.  Coupling with phenol.  Knowledge of use of azo-compounds as dyestuffs and indicators.
	28.3

28.4
	  

	5.5
Amino Acids (restricted to [image: image2.png]


-amino acids) and proteins
Formulae of glycine and alanine only.
	28.5
	  

	Optical activity of alanine.
	28.6
	  

	Solubility in water and relatively high melting point due to existence as dipolar ions.

Reactions with Na2CO3, CuSO4 and HNO2.

Proteins regarded as a sequence of amino acids joined by the peptide link.
	28.5
	  

	Primary, secondary and tertiary structure of proteins.  Enzymes.  Lock and key mechanism to explain enzyme action.  Effect of pH and temperature on their activity.
	30.5
	  

	5.6
Nitriles
Formation from alkyl halides.  Use in increasing the length of a carbon chain.  Acid or base catalysed hydrolysis to form carboxylic acids or their salts.
	29.1
	  

	Reduction with LiAlH4 to form primary amines.
	28.2
	  


 

