CHEMISTRY UNIT 2
Basic Concepts in Organic Chemistry 2.1.1
Organic Chemistry: the study of compounds containing carbon

Carbon forms four covalent bonds.
It is unique because:
- it can form single, double and triple bonds
- it can form long chains and rings
- it can form bonds with most other non-metals e.g. C-H, C-N, C-O, C-Cl

Isomers: compounds with the same molecular formula but different structural
 
     formulae
Functional group: an atom or group of atoms which gives an organic compound its
 

       characteristic reactions
Homologous series: a family of compounds containing the same functional group and the same general formula (each successive member has an extra CH2)
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Hydrocarbons: compounds containing carbon and hydrogen only
- saturated hydrocarbons:

alkanes
- unsaturated hydrocarbons:
alkenes
- aliphatic hydrocarbons:

open-chain
- alicyclic hydrocarbons: 

ring structure

Naming Compounds
e.g.
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Empirical formula: the simplest whole number ratio of atoms of each element present
 

        in a compound
Molecular formula: the actual number of atoms of each element in a molecule

Structural formula: the minimum amount of detail required to show the unambiguous
 

         arrangement of atoms in a molecule

General formula: the simplest algebraic formula of a member of a homologous series
Displayed formula: the relative positioning of atoms and the bonds between them
Skeletal formula: the simplified organic formula, shown by removing hydrogen atoms


      from alkyl chains, leaving just the C skeleton and functional groups
Covalent bond fission
Heterolytic fission: forming a cation and an anion
Homolytic fission: forming two radicals

Curly arrow: shows the movement of an electron pair, showing either breaking or
 
          formation of a covalent bond
Alkanes 2.1.2
- saturated hydrocarbons
- all C-C bonds are single bonds
- all bond angles are 109.5 – tetrahedral shape
- the first four alkanes are gases at room temperature
Aliphatic alkanes have the general formula CnH2n+2 (open chain alkanes)
Cyclic alkanes have the general formula CnH2n (ring alkanes)
Hydrocarbons from Crude Oil
Crude oil is a source of hydrocarbons, separated as fractions with different boiling points by fractional distillation, which can be used as fuels or for processing into petrochemicals
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Fractional Distillation: the separation of the components of a liquid into fractions
  


   which differ in boiling point.

The crude oil vapour is introduced at the bottom of the column.

The temperature at the top is lower so substances with a low number of carbons rise to the top of the column.

The gases reach the top of the column and the others condense at different levels and are drawn off.

Each fraction contains a mixture of hydrocarbons with similar boiling points and similar numbers of C atoms in the molecules.

The fractions with the highest boiling points undergo vacuum distillation to prevent decomposition.

Trends in boiling points of alkanes
Boiling point increases as the number of carbons in the molecule increases because the strength of Van der Waals forces between the molecules increases as the molecules get bigger as they have more electrons so greater fluctuating dipoles and more points of contact.

Boiling point decreases as the amount of branching increases because as the branching increases, the molecules cannot pack as closely together and there are fewer points of contacts so weaker Van der Waals forces.

Advantages of alkane fuels
- burn very readily
- when they burn, they release a lot of energy (high energy density)
- easily obtained from natural sources
- combustion products are all gaseous – no ash etc residue

Disadvantages of alkane fuels
- derived from crude oil which is non-renewable so eventually will get used up
- produce CO2 when they burn which contributes to increased global warming
- we are using up crude oil for fuels when we need it for useful chemicals

Combustion of alkanes
Complete Combustion:
In a plentiful supply of oxygen, carbon dioxide and water are produced.

e.g.

CH4
+
2O2
(
CO2
+
2H2O
Incomplete Combustion:
When insufficient oxygen is present, carbon monoxide and water are produced.
Less heat is given out and CO is poisonous.

e.g.

CH4
+
1½O2
(
CO
+
2H2O
Processes involved in improving fuels
Cracking
An industrial process in which fractions from fractional distillation that are less useful (those with large molecules) are converted into smaller, higher value products.
Conditions: zeolite catalyst, reasonably high temperature

Products: shorter chain alkanes (fuel for cars) or alkenes (to make polymers)

e.g. 
C14H30

(
C8H18

+
3C2H4

or    
C14H30

(
C7H16

+
2C2H4

+
C3H6
Isomerisation
This is converting unbranched alkanes into branched isomers.

Branched alkanes are useful because they have a higher octane number
A zeolite catalyst is used.

e.g.
heptane 
( 
2,4-dimethylpentane


Reforming
This is converting straight chain alkanes into cyclic alkanes or aromatic hydrocarbons, with hydrogen as a useful co-product to improve the octane number.

Platinum-based catalysts are used.

e.g.
C6H14

( 
C6H12

+
H2

hexane
(
cyclohexane
+
hydrogen

or
C6H14

(
C6H6

+
4H2

hexane
(
benzene
+
hydrogen
The Greenhouse Effect
The process by which the absorption and subsequent emission of IR radiation by atmospheric gases warms the lower atmosphere and the planet’s surface.

Main Greenhouse Gases

	Gas
	How the gas is produced

	Carbon dioxide CO2
	- combustion of fossil fuels
- respiration
- decay of natural matter

	Water vapour H2O
	- evaporation of lakes and oceans
- combustion of fossil fuels
- respiration

	Methane CH4
	- rotting organic waste
- certain animals (cows)
- production of coal, natural gas and oil



The ‘greenhouse effect’ of a given gas is dependent on both its atmospheric concentration and its ability to absorb IR radiation.
Order of contribution to greenhouse effect:
H2O
>
CO2
>
CH4
Why each bond absorbs a specific frequency of IR radiation:
- each type of bond absorbs infrared of a particular frequency
- causing the bonds to vibrate more
- this energy is transferred to other molecules by collisions
- so increases their kinetic energy
- so temperature increases

Scientific evidence for climate change
- evidence from ice-core samples (average CO2 conc has increased)
- temperature measurements (average temp has increased since industrial rev)
- increase in CO2 is linked to increase in temp
- strong indication that this is due to human activity (fossil fuels, rainforests)

The role of chemists in minimising climate change
- provide scientific evidence to governments to verify that global warming exists
- investigate solutions to environmental problems (e.g. CCS)
- monitoring progress against initiatives such as the Kyoto protocol

Carbon Capture and Storage
Waste carbon dioxide is removed as a liquid and injected deep in the oceans, or it can be reacted with metal oxides and stored as stable carbonates e.g. CaCO3
Alternative fuels

Biofuel: a fuel that can be obtained from plants or animals

	Alternative fuel
	Formula
	Advantages
	Disadvantages

	Hydrogen
	H2
	- no CO2 produced when it
  burns – only H2O
- high energy density
	- H2 must be produced
  from water (electrolysis)
- difficult storage and
  transportation

	Bio-ethanol
	C2H5OH
	- readily manufactured from
  plants that are renewable
- burns quite cleanly
- little CO
	- land needed to grow
  crops (carbohydrate)
  which means it can’t be
  used for food

	Biodiesel
	Esters of fatty acids 
	- readily manufactured from
  plants that are renewable
	- land needed to grow
  crops (carbohydrate)
  which means it can’t be
  used for food



Biofuels can be regarded as carbon neutral because the amount of CO2 used in photosynthesis is equal to the amount produced when it burns.
Substitution Reactions of Alkanes
Halogenation
Conditions: UV light

Type of reaction: free radical substitution

Products: halogenoalkane (organic product) and HCl or HBr
Reaction steps for the monochlorination of methane

Initiation: the Cl-Cl bond breaks by homolytic fission


Cl2
(
Cl[image: image1.png]



+
Cl[image: image2.png]



Propagation: a radical reacts with a molecule and a new radical and molecule are
  

produced, leading to a chain reaction. (Exothermic so explosive)
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Step 1:


CH4
+
Cl[image: image3.png]



(
CH3[image: image4.png]




+
HCl
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Step 2:


CH3[image: image5.png]



+
Cl2
(
CH3Cl

+
Cl[image: image6.png]





The Cl[image: image7.png]


 radical is reformed and reacts again in step 1 (chain reaction)

Termination: two radicals combine and the reaction sequence stops.


e.g.
CH3[image: image8.png]



+
Cl[image: image9.png]



(
CH3Cl


or
Cl[image: image10.png]



+
Cl[image: image11.png]



(
Cl2
Ethane is a trace impurity (found when 2 methyl radicals collide)


Overall Equation:
CH4
+
Cl2
(
CH3Cl

+
HCl

Further Substitution:
If excess chlorine is used in the presence of UV light, each hydrogen atom in turn can be replaced by a chlorine atom, leading to a mixture of chloromethanes, separated by fractional distillation.

Overall Equation:
CH4
+
4Cl2
(
CCl4

+
4HCl

When excess propane is reacted with chlorine in the presence of UV light, two monochloropropanes are produced because the Cl can attach to the end carbon or the middle carbon.
Free radical: a species with an unpaired electron
Substitution: a reaction in which an atom or group of atoms replaces another,
 

forming two products.
Monosubstitution: one atom is replaced by another (‘di’ would be two)

Homolytic fission: type of bond breaking whereby one electron from the shared pair


        goes to each atom, forming two radicals

Alkenes 2.1.3
- unsaturated hydrocarbons
- contain a C=C double bond

The double bond
The C=C bond is made up of two types of bond: sigma (σ) bond and pi (π) bond

The π bond is formed by the overlap of adjacent p orbitals.
The π bond is an area of high electron density above and below the plane of the molecule. It prevents the bond rotating about its axis.
The shape of an alkene molecule
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The bond angles around the double bond are all 120.
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Aliphatic alkenes with one doub5le bond have the general formula



CnH2n

Alkenes are named in a similar way to alkanes with the following differences
- the suffix is ene
- the position of the double bond must be indicated if the alkene contains four or 
  more carbons in the longest chain (e.g. but-1-ene)

Cycloalkenes
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These have two hydrogen atoms less than the open chain alkene.
e.g. cyclohexene C6H10 
Dienes
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These have two double bonds.
e.g. buta-1,3-diene C4H6
Stereoisomerism in alkenes
Stereoisomers: compounds with the same structural formula but a different
 

    arrangement in space

E/Z isomerism: an example of stereoisomerism, restricted rotation about a double
 

    bond and the requirement for two different groups to be attached to
 

    each carbon atom of the C=C group

Cis-trans isomerism: a special case of E/Z isomerism in which two of the substituent
 


 groups are the same

E= opposite, trans
Z= same, cis


note: “1-ene”s don’t have E/Z as they always have 2 Hs

e.g. E/Z isomers of 1,2-dichloroethene
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         Z (cis)


    E (trans)


Reactions of Alkenes
Most reactions of alkanes are addition reactions where a small molecule adds on across the double bond, forming a saturated molecule. When an alkene undergoes an addition reaction, the pi bond breaks and the sigma bond remains.


 |      |



   |      |

C = C
    +
XY
(
- C – C - 

 |      |



   |      |





  X     Y

To test for the presence of an alkene, add bromine water and it will change colour from orange to colourless if an alkene is present.
1. [image: image39.png]Number of molecules
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Addition of halogens
Reagent: Br2 or Cl2
Conditions: room temperature

e.g. ethene + bromine ( 1, 2-dibromoethane
       propene + chlorine ( 1,2-dichloropropane
2. Addition of hydrogen halides
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Reagent: HCl(g), HBr(g), HI(g)

Conditions: room temperature

e.g. ethene + hydrogen chloride ( chloroethane 
3. Addition of hydrogen (hydrogenation)
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Reagent: H2(g)

Conditions: 150 temperature, Ni catalyst

Product: an alkane 
e.g. CH2=CHCH3 + H2 ( CH3CH3CH3

PROPENE

PROPANE
used in the manufacture of margarine from veg oils – it is hardening

4. Addition of steam (hydration)
Reagent: H2O(g)

Conditions: phosphoric acid catalyst, high temp and pressure

Product: an alcohol

e.g. ethene + steam ( ethanol          (water splits into H and OH)
or    propene + steam ( propan-1-ol OR propan-2-ol

used to make ethanol on a large scale

5. Polymerisation of alkenes
Polymerisation is joining up many monomers to form one big molecule.

This type is called addition polymerisation.
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Properties of addition polymers:
- they don’t react as their bonds are single and the carbon backbone is non
  polar
Disposal of addition polymers
- many are non-biodegradable so build up in waste tips and landfill sites

- they can be incinerated but this produces greenhouse gases or toxic gases

- some are being replaced by biodegradable polymers (e.g. polylactic acid
  from starch)

- some are burnt for useful energy

- incinerators contain scrubbers (CaCO3 and CaO) to remove toxic gases

- many are recycled
   
        once it has been collected and transported, it is sorted and melted

        into new moulds.

        recycled plastics can be cracked and polymerisation can repeat

Electrophilic Addition Reactions of alkenes

Electrophile: electron pair acceptor attracted to the high electron density of the pi


bond in the C=C double bond.

Carbocation: a positive ion with an electron deficient carbon (formed as an
   

intermediate in electrophilic addition reactions)

The type of bond breaking in electrophilic addition is heterolytic fission (where a cation and an anion are formed).
                                 H  Br     (    H+ +   Br –
Addition of bromine

1. The electron rich double bond induces a dipole in the Br2 molecule

2. The Brd+ acts as the electrophile, accepting the pair of electrons of the pi bond, causing the pi bond to break and a new C-Br covalent bond to form.

3. The Br-Br bond breaks by heterolytic fission

4. A carbocation intermediate is formed
5. The bromide ion uses its lone pair of electrons to form a second new C-Br covalent bond
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A curly arrow represents the movement of a pair of electrons.
Different types of isomerisation in alkenes

Structural isomerism: same molecular formula, different structural formulae
1. Chain isomerism: different carbon skeleton but the functional group is in the same position
2. Position isomerism: same carbon skeleton but the functional group is in a different position
3. Functional group isomerism: same molecular formula but different functional groups and different chemical properties
Stereoisomerism: same structural formula but their bonds are arranged differently in space

1. E/Z isomerism: two different groups on either side of the double bond

Alcohols 2.2.1
General formula: ROH

OH is the functional group (the atoms that make it behave how it does

Ethanol production

1. Hydration of ethene

Reagent: steam
Conditions: phosphoric acid catalyst, high temp and pressure

Equation: CH2=CH2    +    H2O     (     C2H5OH
2. Fermentation:
Reagent: glucose in aqueous solution
Conditions: yeast, 35-37 temp
Equation: C6H12O6(aq)    (     2CO2(aq)      +     2C2H5OH(aq)

Comparison of the two processes       (bold = good)
	
	Hydration of ethene
	Fermentation

	Raw material
	Crude oil (non renewable)
	Plants (renewable)

	Quality of product
	Pure product
	Aqueous solution

	Rate of reaction
	Fast
	Slow

	Energy requirements
	High T+P (expensive)
	Low temp (cheap)

	Type of process
	Continuous
	Batch

	Atom economy
	High
	Low


Boiling points of alcohols

Alcohols have a higher boiling point than the corresponding alkane because they have hydrogen bonds between the molecules which are stronger than Van der Waals forces in the alkane.

Solubility in water
The first few alcohols are soluble in water as they can form H bonds with water. As the R group gets bigger, solubility decreases.

Uses of alcohols
Ethanol: industrial solvent, fuel

Methanol: petrol additive, feedstock for chemicals

Classification of alcohols

Alcohols are classified as primary, secondary or tertiary.

The type of alcohol depends on the number of R groups on the carbon attached to the OH group.

Primary –
1 R group on the carbon with the OH  
e.g. propan-1-ol

Secondary –
2 R groups on the carbon with the OH
e.g. propan-2-ol

Tertiary - 
3 R groups on the carbon with the OH
e.g. 2-methylpropan-2-ol


Reactions of Alcohols
Combustion

e.g. combustion of ethanol 

C2H5OH
+ 
3O2
( 
2CO2
    +
   3H2O


Oxidation
Primary and secondary alcohols are oxidised by potassium dichromate (VI) and a colour change from orange to green is observed.

Oxidation of Primary Alcohols
a) Oxidation to an aldehyde
Reagents: dilute H2SO4 and acidified potassium dichromate (VI)

Organic product: aldehyde     

Method: Immediate distillation

   - the product is distilled over as soon as it is formed to prevent further

     oxidation to a carboxylic acid.

Observations: change from orange to green and product is a colourless liquid

General Equation: RCH2OH    +    [o]    (    RC=OH    +    H2O



alcohol

     aldehyde

e.g. ethanol + [o]  (  ethanal   +   water

b) Oxidation to a carboxylic acid
Reagents: dilute H2SO4 and acidified potassium dichromate (VI)

Organic product: carboxylic acid

Method:

1 - heat under reflux (reflux is where the reactants are heated in a flask
     with a vertical condenser attached, ensuring that the mixture can be
     heated for a period of time without loss of volatile liquids by evaporation)

2 – distillation (separating liquids according to their boiling points)

Observations: during reflux goes orange to green, colourless liquid distils
General Equation: RCH2OH   +   2[o]   (  RC=OOH   +   H2O

e.g. ethanol   +   2[o]    (    ethanoic acid   +   water 


Oxidation of Secondary Alcohols

A secondary alcohol is oxidised to a ketone.

Reagents: dilute H2SO4 and potassium dichromate (VI)

Conditions: heat under reflux

Observations: orange to green

Organic product: ketone

General equation: 



             + water





e.g. propan-2-ol   +   [o]    (    propanone   + water

Tertiary alcohols
Tertiary alcohols are not oxidised by mild oxidising agents because they don’t have a C-H bond on the carbon attached to the OH. Primary and secondary alcohols do: this bond is broken during oxidisation.

Lab test for tertiary alcohols: warm unknown alcohol with acidified K2Cr2O7
primary or secondary: orange to green
tertiary:

   stay orange

To produce an aldehyde instead of a carboxylic acid, you would half the amount of oxidising agent and use immediate distillation instead of reflux.

Esterification
Conditions: heat under reflux
Catalyst: concentrated H2SO4 

General Equation: carboxylic acid + alcohol ( ester + water
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 e.g. ethanoic acid + ethanol ( ethyl ethanoate + water
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e.g. propanoic acid + methanol ( methyl propanoate  + water
Dehydration of Alcohols

Reagent: concentrated H2SO4 (doesn’t appear in equation)

Organic product: alkene

When water is eliminated from alcohols, H and OH are removed from adjacent carbons.

e.g. ethanol ( ethene + water

Sometimes, two structural isomers are produced because the H can be removed from either side of the OH.
Halogenoalkanes 2.2.2
Halogenoalkanes are named after the parent alkane with the prefix of either chloro, bromo or iodo.

Nucleophilic substitution reactions of halogenoalkanes
Nucleophile: electron pair donor (OH-, H2O, NH3, CN-)

Substitution: a reaction in which an atom or group of atoms are replaced by another

Halogenoalkanes take part in nucleophilic substitution reactions because

1. The carbon-halogen bond is polar (the halogens are more electronegative than carbon.

2. The electron-deficient carbon is attacked by a nucleophile.

Mechanism
In these reactions a new covalent bond is formed between the nucleophile and the electron-deficient carbon, and the carbon-halogen bond is broken. The halide ion is released.

Type of bond breaking: heterolytic fission (ions are hetero, radicals would be homo)

Reaction with Sodium hydroxide

Reagent: NaOH(aq)

Conditions: aqueous and heat

Nucleophile: OH-
Organic product: alcohol

General equation:   RX  +   NaOH(aq)   (    ROH    +    NaX

e.g. 



The effect of the halogen on the rate of hydrolysis
The stronger the carbon-halogen bond, the slower the rate of reaction.
The C-F bond is strongest and the C-I bond is weakest.

Finding the rate of hydrolysis by experiment

Chloro, bromo and iodobutanes are warmed to 60 in a water bath with aqueous silver nitrate, using ethanol as a mutual solvent.

The rate of reaction can be measured by timing how long it takes for a precipitate of the silver halide to form.

Ag+ (aq)   +   X-     (     AgX (s)      (AgCl white ppt, AgBr cream ppt, AgI yellow ppt)

Order of appearance of ppts
1st AgI
2nd AgBr
3rd AgCl

Uses of halogenoalkanes
CFCs – aerosols, refrigerants, dry cleaning fluids

Chloroethene – to make PVC

Tetrafluroethene – to make Teflon (PTFE)

Percentage Yield


Possible reasons for low yield:
- some of the product is only oxidised to an aldehyde
- loss by evaporation
- doesn’t go to completion

Atom Economy






Modern Analytical Techniques 2.2.3
Infrared Spectroscopy
· this technique is used to identify types of organic compounds
· it detects the presence of specific covalent bonds within a compound

· each type of bond absorbs a specific frequency of IR radiation
· the wave number of each type of bond can be found on the yellow sheet

· the position of each inverted peak tells us which bonds are present and therefore which functional groups are present in organic compounds

Uses of IR spectroscopy:
- monitoring CO2 levels
- breathalyser
- used by chemists to monitor chemical reactions
You can distinguish between two isomers by comparing the spectra with the database.


Mass Spectrometry
A mass spectrometer is a device for measuring the mass and abundance of the isotopes in a sample, separating ions according to their mass to charge ratio.
1. ions are produced (the sample is vaporised and bombarded with high energy electrons (electron gun) to give positive ions) – this is ionisation
2. accelerated – the ions are accelerated using an electric field

3. the ions are deflected by a variable magnetic field. The amount of deflection depends on the mass:charge ratio. Heavy ones are deflected least.

4. the ions are detected by an ion-current detector. The greater the abundance, the greater the charge. The magnetic field strength is altered so that each mass hits the detector in turn (so you can tell what masses you have present)

Mass Spectra of Elements
Relative atomic mass = sum of (mass x abundance of each isotope)






total abundance

Uses of mass spectrometry
- identifying elements in space
- forensic science
- drug testing
Mass spectrometry can be used to find the relative molecular mass of organic molecules and to find out what groups of atoms are present in a compound.

From this we can work out the structural formula of the compound.

When a molecule enters the mass spectrometer, the molecule is ionised and some of the molecules split up as the bonds are broken.
Ionisation:         M     (     M+   +   e-

Fragmentation: the molecular ion can then fragment into smaller ions and free
 

    radicals. Only the ions will be detected by the mass spectrometer.



    M+     (      X+   +   Y[image: image16.png]



                                   or      X[image: image17.png]


   +   Y+
In the mass spectrum, the peak with the highest mass will be due to the molecular ion. This will tell you the molecular mass of the compound.

Enthalpy Changes 2.3.1

Exothermic Reactions: heat energy is given out to the surroundings so the temperature of the surroundings rises. ΔH is negative because the system loses heat energy, ΔT is positive because the temperature rises.

e.g. combustion of methane

CH4(g) + 2O2(g) ( CO2(g) + 2H2O(l)
(ΔH = -891 kJmol-1)
e.g. respiration

C6H12O6 + O2 ( 6CO2 + 6H2O

(ΔH = -2802 kJmol-1)
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Endothermic Reactions: heat energy is taken in from the surroundings so the temperature of the surroundings falls. ΔH is positive because the system gains heat energy, ΔT is negative because the temperature falls.

e.g. thermal decomposition of CaCO3
CaCO3(s) ( CaO + CO2


(ΔH = +178 kJmol-1)

e.g. photosynthesis

6CO2 + 6H2O ( C6H12O6 + H2O

(ΔH = +2802 kJmol-1)
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Activation energy (Ea): the minimum energy required to start a reaction by the breaking of bonds.

Activation energy is always positive.


Exothermic: 





Endothermic:

Standard conditions: 25°C (298K), 1 atmosphere (100kPa)

Standard state: the physical state at standard conditions: 25°C, 100kPa


Standard enthalpy change of a reaction, ΔH°
The enthalpy change that accompanies a reaction in the molar quantities expressed in a chemical equation under standard conditions, all reactants and products being in their standard states.

e.g. H2(g) + ½O2(g) ( H2O(l)
ΔH=-286 kJmol-1
        (this means that when one mole of hydrogen burns in oxygen, 286kJ is released)
Standard enthalpy change of formation, ΔH°f
The enthalpy change when one mole of a compound is formed from the constituent elements in their standard states under standard conditions.

e.g. 2C(s) + 3H2(g) + ½O2(g) ( C2H5OH(l)

- ΔH°f of an element in its standard state is always 0
- The more negative ΔH°f is, the more stable the compound

Standard enthalpy change of combustion, ΔH°c
The enthalpy change when one mole of a substance reacts completely with oxygen under standard conditions, all reactants and products being in their standard states.

e.g. C3H8(g) + 5O2 ( 3CO2(g) + 4H2O(l)

Calorimetry

Heat given out or taken in by one mole = q (in kJ)


 


         no. of moles

Heat change = mass of water x specific heat capacity x temp change

(specific heat capacity = energy required to heat by 1 degree)

q = mcΔT
(this will be in J, to get kJ, divide by 1000)

q is the heat energy released or absorbed


Bond Enthalpies
Bond enthalpy: the enthalpy change when one mole of a given bond is broken in the gaseous state
Bond enthalpy values are always positive because energy is required to break bonds.

Average bond enthalpy: the average enthalpy change that takes place when 1 mole of a given type of bond is broken in the molecules of a gaseous species

ΔH = ∑(enthalpy of bonds broken) - ∑(enthalpy of bonds formed)

Limitations of bond energy calculations
- average bond enthalpy values are used, rather than specific values
- they only apply to reactions in the gaseous state

Hess’ Law: The overall enthalpy change for a reaction is the same irrespective of the route taken (as long as the initial and final conditions are the same)
ΔH direct route = ∑ΔH indirect route

If ΔH°c is given in the question:
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Rates and Equilibria 2.3.2

Collision Theory: when two substances react, the different particles must collide. Not all collisions results in a reaction because not all of the particles have sufficient energy

For collisions to be successful:
- the molecules must have enough energy to overcome the Ea of the reaction
- the molecules must collide in the correct orientation
Maxwell Boltzmann Distribution
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Only a small proportion of collisions are successful because only a small proportion of the molecules have energy greater than or equal to the activation energy.

Factors affecting Rate of Reaction

Rate of reaction: the change in concentration of a reactant or product in a given time



(units are moldm-3s-1)

The rate of reaction decreases as a reaction proceeds because the concentration of reactants falls. The rate of a reaction is the gradient on a graph.

Increasing the concentration or pressure increases the rate because the molecules are closer together so collisions are more frequent.

Increasing the surface area (i.e. using powder) increases the rate there are more places for the reactants to react so collisions are more frequent.


Increasing the temperature increases the rate because at a higher temperature, more molecules have energy greater than or equal to the activation energy so more collisions are successful.














Ea

Catalysts
A catalyst is a substance that speeds up a reaction without being consumed, providing an alternative route with a lower activation energy.

Energy profile




      Maxwell Boltzmann

The shaded area is larger so more molecules have energy greater than or equal to the activation energy so more collisions are successful so the rate of reaction increases.

Examples
1. The Haber Process (iron catalyst)
N2 + 3H2 ⇌ 2NH3
2. Hydrogenation of unsaturated compounds (nickel catalyst)
C2H4 + H2 ( C2H6
3. Petroleum processing (to improve the octane no) (zeolite catalyst)
heptane ( 2-4,dimethylpentane

Importance of Catalysts
· lower temperatures required so fuel usage and cost is reduced

· lower pressures required so operating costs reduced

· better atom economy so less waste as more of the products can be used

· often enzymes: work at room temp & very specific: less waste and better yield

Dynamic Equilibrium and Le Chatelier’s Principle

Conditions for equilibrium:
- the rate of the forward reaction = the rate of the backward reaction
- the concentrations of reactants and products remain constant unless the
  conditions are changed

Le Chatelier’s Principle
If a system in equilibrium is subjected to a change, the position of equilibrium will shift to minimize the change.

Effect of changing concentration
If the concentration of a reactant is increased or the concentration of a product is decreased (by removing it), the equilibrium will be displaced to the right, and vice versa.

Effect of changing total pressure
If the total pressure is increased, the system moves in the direction which produces fewer moles of gas (fewer moles exert less pressure) and vice versa.

e.g.
manufacture of ammonia


N2(g) + 3H2(g) ⇌ 2NH3(g)
there are fewer moles of gas on the right hand side, so if pressure increases the system moves to the right and the yield of ammonia increases.


e.g. 
manufacture of hydrogen



CH4(g) + H2O(g) ⇌ 3H2(g) + CO(g)

there are more moles of gas on the right hand side, so if pressure increases the system moves to the left and the yield of hydrogen decreases.


e.g. 
reaction between hydrogen and iodine



H2(g) + I2(g) ⇌ 2HI(g)

the number of moles of gas is the same on both sides so a change in pressure has no effect on the equilibrium position so no effect on the yield.

Effect of changing temperature
If the temperature is increased, the equilibrium moves in the endothermic direction to absorb the heat. If the temperature is decreased, the equilibrium moves in the exothermic direction to make more heat.

If the forward reaction is exothermic, an increase in temperature will move the equilibrium to the left (in the endothermic direction) so the forward reaction is favoured by a low temperature. e.g. ammonia is produced best at 400-450°C and 20mPa
If the forward reaction is endothermic, an increase in temperature will move the equilibrium to the right (in the endothermic direction) so the forward reaction is favoured by a high temperature.

Effect of a catalyst
A catalyst increases the rate of the forward and backward reactions by the same amount so has no effect on the equilibrium position or on the yield but it does increase the rate at which the equilibrium position is reached.
Controlling Air Pollution

Pollutants produced by internal combustion engines
Carbon monoxide (CO)
- caused by incomplete combustion of hydrocarbon fuels
- toxic to humans

Nitrogen oxides (NO)
- caused when nitrogen and oxygen in the air combine in the high temp of car engine
- causes acid rain and photochemical smog

Unburnt hydrocarbons (CxHy)
- caused when volatile hydrocarbons are released without burning
- causes low-level ozone, resulting in breathing problems


Catalytic converters
- contain a large surface area of platinum, palladium and rhodium spread in a thin
  layer
- high surface area increases the efficiency of the catalyst as this is where the
  processes occur
- the metals catalyse the reactions between the pollutants, removing harmful gases
  and forming harmless CO2 and N2 

Heterogeneous catalysis

1. Adsorption – CO and NO molecules are held onto the active sites on the catalyst surface
2. The bonds in the CO and NO are weakened as they form temporary bonds on the catalyst surface, lowering the activation energy. The CO and NO are held in place while they react
3. Desorption – the CO2 and N2 products move away from the catalyst surface so allow more reactants to be adsorbed.
2CO + 2NO ( 2CO2 + N2
Monitoring Air Pollution
Air pollution is monitored using IR spectroscopy. Different bonds absorb different frequencies of IR radiation e.g. CO absorbs a different frequency to NO. The more concentrated it is, the more IR is absorbed so this can be used to determine which pollutants are present and how much.

The Ozone layer
The ozone occurs naturally in the stratosphere (upper atmosphere). Its job is to absorb short wavelength UV radiation from the sun which is harmful to living things.

UV radiation causes mutations in cells which can lead to skin cancer.

The rate at which ozone is formed equals the rate at which it is broken down which is why until recently, the ozone concentration has remained constant.

        O2 
+
      O 

⇌ 
       O3
oxygen molecule

oxygen radical

ozone molecule
The net effect of this process is that harmful UV radiation is absorbed by the ozone when it breaks down and harmless heat energy is released when it reforms.

O2 + O ( O3 (heat energy released)

O3 ( O2 + O
(UV absorbed)

Ozone removal
It occurs when an oxygen radical and an ozone molecule combine:

O3 + O ( 2O2
This is a slow reaction because it has a high Ea and the conc of O radicals is low.

Ozone Depletion
Scientific evidence: the ozone hole over the Antarctic

Ozone depletion is catalysed by free radicals such as Cl atoms and NO molecules which speed up the natural process by providing an alternative route with a lower activation energy.

Ozone depletion by Cl radicals
Chlorine radicals are formed in the stratosphere when CFCs are broken down by UV light (homolytic fission).

CFCl3 ( CCl2F + Cl

The Cl radicals react with an O3 molecule, producing O2 in a two-step reaction.

O3 + Cl ( O2 + ClO

ClO + O ( O2 + Cl

The Cl radicals are reformed so they continue to break down more ozone.

Overall equation: O3 + O ( 2O2

Ozone depletion by NO radicals
NO is formed n the stratosphere by aircraft engines and thunder storms.

N2 + O2 ( 2NO

The NO molecules catalyse the breakdown of ozone in the same way as Cl radicals.

O3 + NO ( O2 + NO2
NO2 + O ( O2 + NO

In general:
O3   + R  (   O2  +  RO


RO + O  (   O2  +  R


O3   + O  (   2O2

The net effect is that ozone is broken down more quickly in the presence of these free radicals because the activation energy is lowered.


Uses of CFCs
- aerosols
- refrigerants
- dry-cleaning solvents

1989 Montreal Protocol
- zero production of CFCs by 2000
- zero production of tetrachloromethane
- production of halons as fire extinguishers to be phased out by 2000
- HCFCs and HFCs to replace CFCs is no other viable alternative is available
Alternatives to CFCs
CFCs are very stable (they have strong bonds) so they reach the stratosphere without breaking up.

· Hydrochlorofluorocarbons (HCFCs) are less stable so they don’t reach the stratosphere so don’t destroy ozone.

· Hydrocarbons can be used but they are flammable.
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The downside of green chemistry


Cost�- carbon capture and storage�- electric cars�- lithium batteries


Reduction of land needed for food�- sugarcane for ethanol production�- rapeseed for rapeseed oil


Adhering to international agreements�- difficult to monitor








Principles of Green Chemistry�- to find alternatives to hazardous chemicals�- to use high atom economy reactions�- to find uses for by-products�- to use renewable resources where possible�- to use renewable energy�- to recycle waste-products�- to produce biodegradable materials where�  possible
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this shaded area is the number of molecules with energy greater than or equal to the activation energy





more molecules have energy greater than or equal to the activation energy under the curve for the warm sample








