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Units 2

Learning Outcomes

ADVANCED HIGHER CHEMISTRY LEARNING OUTCOMES

UNIT 2 - Organic Chemistry and Instrumental Analysis
Section 1: MOLECULAR ORBITALS
(a) Hydrocarbons
	LEARNING OUTCOME

	Bonding in alkanes can be described in terms of sp3 hybridisation and sigma bonds.

	Hybridisation is the process of mixing atomic orbitals in an atom to generate a set of new atomic orbitals called hybrid orbitals.

	A sigma bond is a covalent bond formed by end-on overlap of two atomic orbitals lying along the axis of the bond.

	Alkanes undergo substitution reactions with chlorine and bromine by a chain reaction mechanism.

	The chain reaction includes the following steps:

(i) initiation by homolytic fission to produce radicals;

(ii) propagation

(iii) termination.


	Bonding in ethene can be described in terms of sp2 hybridisation, sigma  and pi (() bonds.

	A pi (() bond is a covalent bond formed by the sideways overlap of two parallel atomic orbitals lying perpendicular to the axis of the bond.

	In a non-polar covalent bond, the bonding molecular orbital is symmetrical about the midpoint between two atoms. 

	Polar covalent bonds result from bonding molecular orbitals which are asymmetric about the midpoint between two atoms. 

	Ionic compounds represent an extreme case of asymmetry with the bonding molecular orbitals being almost entirely located around just one atom.


(b) Absorption of visible light and chromophores
	Most organic molecules appear colourless because the energy difference between the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) is relatively large resulting in the absorption of light in the ultraviolet region of the spectrum.

	Coloured organic compounds contain delocalised electrons within molecular orbitals which extend across several atoms. This is known as a conjugated system.

	The more atoms the delocalised molecular orbital spans, the smaller the energy gap between the delocalised orbital and the next unoccupied orbital and hence the lower the frequency of light (or longer the wavelength or lower the energy of radiation) absorbed by the compound.

	When the wavelength of the light absorbed is in the visible region, the organic substance will appear coloured.

	Molecules in which the structural formula contains alternate double bonds will exhibit molecular orbitals containing delocalised electrons which will extend the conjugated section of the molecule.

	The chromophore is the group of atoms within a molecule which is responsible for the absorption of light in the visible region of the spectrum.

	Light can be absorbed when electrons in a chromophore are promoted from one molecular orbital to another.

	If the chromophore absorbs light of one colour, the compound will exhibit the complementary colour.


Section 2: Molecular Structure
	In a skeletal formula neither the carbon atoms, nor any hydrogens attached to the carbon atoms, are shown.

	Be able to draw structural formulae and skeletal formulae and to interconvert between molecular, structural and skeletal formulae for organic molecules with no more than 10 carbon atoms in their longest chain.

	The presence of a carbon atom is implied by a ‘kink’ in the carbon backbone, and at the end of a line


Section 3: Stereo Chemistry

	LEARNING OUTCOME

	Stereoisomers have identical molecular formulae and the atoms are bonded together in the same order but the arrangement of the atoms in space is different, making them non – superimposable.

	Geometric isomerism is one type of stereoisomerism and can arise due to the lack of free rotation around a bond, frequently a carbon – carbon double bond.

	Geometric isomers are labelled cis and trans according to whether the substituent groups are on the same side or on different sides of the carbon – carbon double bond.

	Geometric isomers display differences in some physical properties.

	Geometric isomerism can also influence chemical properties, for example
cis -but-2- enedioic acid is more readily dehydrated than
trans -but- 2- enedioic acid.

	Optical isomers (enantiomers) are non-superimposable mirror images of each other and are said to be chiral.

	Optical isomerism can occur in substances in which four different groups are arranged around a carbon atom.

	Optical isomers have identical physical and chemical properties, except when they are in a chiral environment, but they have an opposite effect on plane polarised light and are said to be optically active.

	Mixtures containing equal amounts of both optical isomers are optically inactive. These are known as racemic mixtures.

	In biological systems only one optical isomer of each organic compound is usually present.


Section 4: Synthesis

	LEARNING OUTCOME

	Equations can be written for the following reaction types and, given equations, these reaction types can be identified as:

· substitution;

· addition;

· elimination;

· condensation;

· hydrolysis;

· oxidation;

· reduction.

	The following reaction mechanisms can be described in terms of electron shifts:


(i) radical substitution of alkanes;
(ii) electrophilic addition to alkenes
carbocation mechanism
cyclic ion intermediate mechanism
(iii) nucleophilic substitution
SN1 and SN2

	The following physical properties are explained in terms of the intermolecular forces involved:

· melting and boiling points;

· miscibility with water.


(a) SYSTEMATIC ORGANIC CHEMISTRY
	Alkenes can be prepared in the laboratory by:
(i) dehydration of alcohols using aluminium oxide, concentrated sulphuric acid or orthophosphoric acid;
(ii)  base-induced elimination of hydrogen halides from monohalogenoalkanes.

	Curly arrows used in mechanisms to show the various electron pairs moving around. The arrow tail is where the electron pair starts from. The arrow head is where you want the electron pair to end up.

	The most common use of "curly arrows" is to show the movement of pairs of electrons. You can also use similar arrows to show the movement of single electrons - except that the heads of these arrows only have a single line rather than two lines.

	Alkenes undergo:

(i) catalytic addition with hydrogen to form alkanes;
(ii)  addition with halogens to form dihalogenoalkanes;
(iii) addition with hydrogen halides according to Markovnikov’s rule to form monohalogenoalkanes;
(iv) acid-catalysed addition with water according to Markovnikov’s rule to form alcohols.

	The mechanisms of the above reactions involve:

(i) for halogenation
(
cyclic ion intermediate

(ii) for hydrohalogenation
(
carbocation intermediate

(iii) for acid catalysed hydration
(
carbocation intermediate

	Halogenoalkanes are named according to I.U.P.A.C. rules.

	Monohalogenoalkanes can be classified as primary, secondary or tertiary.

	Monohalogenoalkanes undergo nucleophilic substitution reactions. React monohalogenoalkanes with alkali and test for halide ion using aqueous ethanolic silver nitrate solution.

	Monohalogenoalkanes undergo elimination reactions to form alkenes.

	Monohalogenoalkanes react with:

(i) alkalis to form alcohols;
(ii) alcoholic alkoxides to form ethers;
(iii) ethanolic cyanide to form nitriles which can be hydrolysed to carboxylic acids (chain length increased by one carbon atom);
(iv) ammonia to form amines via alkyl ammonium salts.

	Alcohols exhibit hydrogen bonding and as a result have higher boiling points than other organic compounds of comparable relative formula mass and shape.

	The lower alcohols are miscible with water but as their chain length increases their solubility in water decreases.

	Alcohols can be prepared from:

(i) alkenes by hydration;
(ii) halogenoalkanes by substitution.

	In industry, alcohols (except methanol) can be manufactured by the acid-catalysed hydration of alkenes.

	Alcohols react with some reactive metals to form alkoxides.

	Alcohols can be dehydrated to alkenes.

	Alcohols undergo condensation reactions slowly with carboxylic acids and more vigorously with acid chlorides to form esters.

	Ethers have the general formula R'-O-R ''where R 'and R ''are alkyl groups.

	Ethers are named according to I.U.P.A.C. rules.

	Due to the lack of hydrogen bonding, ethers have lower boiling points than the corresponding isomeric alcohols.

	Ether molecules can hydrogen-bond with water molecules thus explaining the solubility in water of some ethers of low relative formula mass.

	Ethers are highly flammable and on exposure to air may form explosive peroxides.

	Ethers can be prepared by the reaction of halogenoalkanes with alkoxides.

	Ethers are used as solvents since they are relatively inert chemically and will dissolve many organic compounds.

	The following physical properties of aldehydes and ketones can be explained in terms of dipole-dipole attractions and / or hydrogen bonding:

(i) higher boiling points than corresponding alkanes;
(ii) lower boiling points than corresponding alcohols;
(iii) miscibility of lower members with water.


	Tollens’ reagent or Fehling’s solution can be used to distinguish between aldehydes and ketones.  Aldehydes reduce the complexed silver(I) ion and the complexed copper(II) ion to silver and copper(I) oxide, respectively.

	Aldehydes and ketones can be reduced to primary and secondary alcohols, respectively, by reaction with lithium aluminium hydride in ether.

	The melting points of the resulting 2, 4-dinitrophenylhydrazones are used to  identify unknown aldehydes and ketones.

	Aldehydes are generally more reactive than ketones because the presence of  two alkyl groups in ketones hinders nucleophilic attack and reduces the partial positive charge on the carbonyl carbon atom.

	In pure carboxylic acids hydrogen bonding produces dimers thus explaining the relatively high boiling points.  Dimerisation does not occur in aqueous solution.

	Carboxylic acid molecules also form hydrogen bonds with water molecules thus explaining the appreciable solubility of the lower carboxylic acids in water.  As the chain length increases water solubility decreases.

	Carboxylic acids are weak acids.  Their slight dissociation in water can be explained by the stability of the carboxylate ion caused by electron delocalisation.

	Carboxylic acids can be prepared by:

(i)  oxidising primary alcohols and aldehydes;
(ii) hydrolysing nitriles, esters or amides.


	Reactions of carboxylic acids include:

(i) formation of salts by reactions with metals, carbonates and alkalis;
(ii) condensation reactions with alcohols to form esters;
(iii) reaction with ammonia or amines and subsequent heating of the ammonium salt to form amides;
(iv) reduction with lithium aluminium hydride to form primary alcohols.



	LEARNING OUTCOME

	Amines are named according to I.U.P.A.C. rules.

	Amines are organic derivatives of ammonia and can be classified as primary, secondary or tertiary.

	Primary and secondary amines, but not tertiary amines, associate by hydrogen bonding and as a result have higher boiling points than isomeric tertiary amines and alkanes with comparable relative formula masses.

	Amine molecules can hydrogen- bond with water molecules thus explaining the appreciable solubility of the lower amines in water.

	The nitrogen atom in amines has a lone pair of electrons, which can accept a proton from water, producing hydroxide ions. Amines are weak bases.

	Amines react with aqueous mineral or carboxylic acids to form salts. 

	Bonding in benzene can be described in terms of sp2 hybridisation, sigma (σ) and pi (() bonds, and electron delocalisation.

	Benzene is the simplest aromatic hydrocarbon and its unexpected stability can be attributed to the presence of delocalised electrons.

	Many everyday consumer products have very distinctive smells as a result of the presence of key aromatic compounds.

	Many drugs contain aromatic rings. They play a crucial role in binding as a result of their planar shape and hydrophobic character.

	Most reactions of benzene involve attack of an electrophile on the cloud of delocalised electrons, that is electrophilic substitution.

	Benzene resists addition reactions but undergoes electrophilic substitution reactions. These include:

(i) chlorination and bromination to produce chlorobenzene and bromobenzene;
(ii)  nitration to produce nitrobenzene;
(iii) sulphonation to produce benzene sulphonic acid;
(iv) alkylation to produce alkylbenzenes.


Section 5: Experimental determination of Structure
	LEARNING OUTCOME

	Elemental microanalysis (combustion analysis) can be used to determine the masses of C, H, S and N in a sample of an organic compound in order to find the empirical formula.

	Other elements in the organic compound have to be determined by other methods.

	Mass spectrometry can be used to determine the accurate molecular mass and structural features of an organic compound.

	A conventional mass spectrometer functions in the following manner:

· The sample is firstly vaporised and then ionised by being bombarded with electrons.

· Fragmentation can occur when the energy available is greater than the molecular ionisation energy.

· The parent ion and ion fragments are accelerated by an electric field and then deflected by a magnetic field.

· The strength of the magnetic field is varied to enable the ions of all the different mass/ charge ratios to be detected in turn. A mass spectrum is obtained.


	Organic compounds can be identified from the very accurate determination of the relative molecular masses of the parent ion and the ion fragments.

	Infra–red spectroscopy can be used to identify certain functional groups in an organic compound.

	Infra-red radiation causes parts of a molecule to vibrate.  The wavelengths which are absorbed and cause the vibrations will depend on the type of chemical bond and the groups or atoms at the ends of these bonds.

	Infra-red radiation is passed through a sample of the organic compound and then to a detector which measures the intensity of the transmitted radiation at different wavelengths.

	Infra-red spectra are expressed in terms of wavenumber.

	The unit of measurement of wavenumber which is the reciprocal of wavelength is cm-1.

	Nuclear magnetic resonance spectroscopy (NMR) can give information about:

(i) the different environments of hydrogen atoms in an organic molecule;
(ii) how many hydrogen atoms there are in each of these environments.


	Hydrogen nuclei behave like tiny magnets and in a strong magnetic field some are aligned with the field (lower energy) while the rest are aligned against it (higher energy).

	Absorption of radiation in the radiofrequency region of the electromagnetic spectrum will cause the hydrogen nuclei to ‘flip’ from the lower energy alignment to the higher one. As they fall back from the higher to the lower level the emitted radiation is detected.

	In the NMR spectrum the peak position (chemical shift) is related to the environment of the proton.

	The area under the peak is related to the number of protons in that environment.

	The standard reference substance used in nmr spectroscopy is tetramethylsilane (TMS) which is assigned a chemical shift equal to zero.

	Be able to draw and analyse low resolution proton NMR spectra and analyse high resolution proton NMR spectra.


Section 6: Pharmaceutial Chemistry
	LEARNING OUTCOME

	Drugs are substances, which alter the biochemical processes in the body, and those, which have a beneficial effect, are called medicines.

	The first medicines were plant brews.

	Pharmacologically active compounds in plant extracts were identified.

	These compounds and derivatives of them were synthesised where practicable.

	Aspirin is an example of a medicine developed in this way. 

	Most medicines work by binding to receptors. Receptors are usually protein molecules that are either on the surface of cells where they interact with small biologically active molecules or are enzymes that catalyse chemical reactions (catalytic receptors).

	The shape of the fragment of the molecule which confers pharmacological activity complements that of the receptor site, allowing it to fit into the receptor. The functional groups on both are correctly positioned to interact and bind the medicine to the receptor.

	By comparing the structures of medicines with similar pharmacological activity, the shape of the fragment of the molecule which confers pharmacological activity can be identified.

	Many medicines can be classified as agonists or as antagonists according to whether they enhance or block the body’s natural responses.

	An agonist will produce a response like the body’s natural active compound.

	An antagonist produces no response but prevents the action of the body’s natural active compound.

	Be able to calculate percentage solution by mass

	Be able to calculate percentage solution by volume

	Be able to calculate parts per million (ppm)


	
	
	




