Chemistry F332 Notes
[bookmark: _GoBack]Ions in solids and solutions:
Structure of an ionic lattice (Sodium Chloride):
· Consists of sodium ions (Na+) surrounded by six chloride ions (Cl-)
· Chloride ions also surrounded by six sodium ions.
· Held together by attraction of oppositely charged ions.
· Giant ionic lattice.
· Electrostatic bonds hold lattices together.
· Structure is simple cubic.
· Some ionic crystals contain water.
· Known as water of crystallisation.
· These crystals are hydrated.
· Blue copper sulphate crystals are the pentahydrate crystals – CuSO4.5H2O
· If there is no water of crystallisation then the ionic crystal is said to be anhydrous.
Ionic substances in solution:
· Many dissolve in water without difficulty.
· [image: ]Ions become surrounded by polar water molecules. 
· They spread out through the solution.
· Hydrated ions are randomly arranged and behave independently.
· Positive hydrogen atoms in water are attracted to negative ions.
· Conversely the negative oxygen atoms are attracted to positive ions.
· This is known as hydration. 
· Draw water molecules as wedges and ion as a circle.
· Label the charged ends.
Ionic equations:
· All nitrates are soluble in water.
· All chlorides are soluble in water bar AgCl and PbCl2.
· All sulfates are soluble in water bar BaSO4, PbSO4 and SrSO4.
· All sodium, potassium and ammonium salts are soluble in water.
· All carbonates are insoluble in water bar (NH4)2CO3 and those of group 1.
· The ionic equation for a neutralisation reaction is always – H+(aq) + OH-(aq) → H2O(l)
· When writing an ionic equation label the charges on each ion then remove the spectator ions (like ions in charge and state and on both sides of equation).
· If there is a precipitation reaction one product will be a solid.
· With neutralisation reacts a covalent compound is formed.
Atoms and ions:
First ionisation enthalpy:
· Energy needed to remove one electron from each of one mole of isolated gaseous atoms of an element.
· One mole of gaseous ions with one positive charge is formed: X(g) →X+(g) + e-
· The value of this is always positive.
· Energy must be put in to remove electron which is attracted to the nucleus.
· Largest enthalpies are noble gases, they have a full outer shell and all very unreactive.
· Lowest enthalpies for group 1 elements, very reactive elements and only have 1 electron in there outer shell.
· Across a period enthalpies increase as an extra electron is being added into the same shell, therefore the nuclear charge is increasing. Thus a greater attraction attraction the nucleus and electron.
Successive ionisation enthalpies:
· Ionisation enthalpies which are the energies required to remove further electrons
· Second: X+(g) → X2+(g) + e-
· Enthalpies increases as successive electrons are removed
· After an electron is removed, the remaining electrons are held on more firmly
· There is a sharp jump when an electron is removed from a full electron shell. 
Oxidation number rules:
· All elements have an oxidation number of 0.
· For simple ions the oxidation number is the charge the ion carries.
· In a neutral compound the sum of the oxidation numbers is 0.
· (K+)2O2- → (+1)2 -2 = 0
· Fluorine (the most electronegative element) always has an oxidation number of -1.
· Oxygen always has a oxidation number of -2 except…
· F2O →(-1)2 +2 = 0
· Na2O2 → (+1)2 (-1)2 = 0
· Hydrogen always has an oxidation number of +1, except in metallic hydrides when it is -1.
· In complex ions the sum of the oxidation numbers = the charge the ion carries.
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Fluorine:
· Pale yellow gas at room temperature.
· Reacts with water
· Soluble in organic solvents.
· Most reactive out of the halogens.
· Displaces chlorine, bromine and iodine.
· Benefits: used to make PTFE, in toothpastes to strengthen enamel, used to make HCFC’s.
· Risks: highly reactive and so handling must be kept to a minimum. 
· When needed for reactions it is made in situ by electrolysing HF.
Chlorine:
· Green gas at room temperature.
· Slightly soluble in water to give a pale green solution.
· Soluble in organic solvents to give a green solution.
· More reactive than bromine or iodine.
· White precipitate of silver chloride.
· Displaces bromine and iodine.
· Benefits: important intermediate in manufacture of hydrochloric acid and chlorinated solvents. Used to make PVC and polyurethanes. Used in water treatment, pesticides, medicines and bleach.
· Risks: pesticides accumulate in the environment (DDT). CFC’s destroy stratospheric ozone.
· A highly toxic gas and so is transported by rail or road tanker as a liquid.
Bromine:
· Dark red liquid at room temperature.
· The liquid will quickly from brown gas on warming.
· Slightly soluble to give a brown-red solution.
· Soluble in organic solvents to give a red solution.
· More reactive than iodine.
· Cream precipitate of silver bromine.
· Displaces iodine.
· Benefits: used in manufacture of flame retardants, agricultural fumigants and photography.
· Risks: organic bromine compounds can destroy stratospheric ozone.
· Transported in lead-lined steel tanks supported in strong metal frames. Routes are planned to avoid residential areas to minimise risks of accidents. 
Iodine:
· Shiny black/dark grey solid at room temperature.
· Sublimes on warming to give a purple vapour.
· Barely soluble in water to give a brown solution.
· Soluble in organic solvents to give a violet solution.
· Least reactive.
· Yellow precipitate of silver iodide.
· Doesn’t displace.
· Benefits: used in antiseptics, germicides, and dyes. Iodine-131 is used to diagnose thyroid disease.


Reactions of halogens with halides:
1. [image: ]Chlorine water, potassium bromide and cyclohexane – 
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The 3 above reactions take place as a halogen higher up in group 7 can displace one lower down.
Reactions of halide ions with silver ions:
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When potassium bromide is added to silver nitrate a cream precipitate is formed. The reaction below shows what happens:
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3.  (
When potassium Iodide is added to silver nitrate a yellow precipitate is formed. The reaction below shows what happens:
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Electrolysis:
· An example of electrolysis:
· [image: ]If we place aqueous sodium chloride into the electrolysis cell and allow current to flow, the following reactions occur at the electrodes:
· At the cathode: Reduction
· 2H+(aq) + 2e- → H2(aq) 
· At the anode: Oxidation 
· 2Cl2→ Cl2(g) + 2e-
· Chlorine bleaches damp litmus paper.
· This leaves Na+(aq) and OH-(aq) in solution i.e. sodium hydroxide forming around the cathode (turns litmus blue)
· Electrolysis of brine forms basis for CLORALKALI industry.
· Demand for hydrogen, sodium hydroxide and chlorine.
· Bleach is made via the reaction below:
· 2NaOH(aq) + Cl2(g) → NaCl(aq) + NaCl(aq)  + H2O(l)
· NaClO = sodium chlorate(i)
· When sodium bromide and sodium iodide are electrolysed the same thing occurs except a brown solution forms around the anode.

Electronic structure; Sub shells and orbitals:
· Electrons exists in shells
· These are divided into sub shells - s, p, d and f.
· These are divided into atomic orbitals.
· Hold two electrons and must have opposite/paired spins.
Distribution of electrons in atomic orbitals:
· S sub shell – 1 orbital – 2 electrons.
· P sub shell – 3 orbitals – 6 electrons.
· D sub shell – 5 orbitals – 10 electrons.
· Orbitals are filled in order of increasing energy.
· Orbitals firstly occupied by single electrons, have parallel spins.
· Then they are doubly filled with opposite spins.
S, p and d blocks:
· Group 1 and 2 elements all have one or two electrons in their outer shell. Therefore are s-block elements.
· Group 3, 4, 5, 6, 7 and 0 are all p-block elements.
· The first transition block elements have electrons filling the d-sub shell and are d-block elements.
· Further transition metals have electrons filling the f-shell. They are known as f-block elements. 
Bonds between molecules; temporary and permanent dipoles:
Polar molecules:
· A dipole occurs when a molecule has a positive and negative end.
· When a molecule has a dipole we say that it is polarised.
· Polar molecules have a permanent dipole.
Temporary or Instantaneous dipoles:
· The electron density is unevenly distributed.
· Instantaneous dipole.
· Swirling electron density distributions changes and therefore so does the polarity.
· If other molecules with a dipole are close they can induce a dipole. 
Instantaneous dipole – Induced dipole bonds:
· Weakest type of intermolecular bond.
· Can happen in all types of molecule.
· Consider krypton atoms; electrons are continually moving, therefore have a temporary dipole. When other Krypton atoms approach they produce an induced dipole. 
· Because cloud is continuously moving the Id-Id interactions are continually forming and breaking. 
· More electrons = greater attraction and higher boiling points.
Permanent dipole – Permanent dipole bonds:
· Atoms with different electronegativity values.
· Slightly positive attracts slightly negative forming an intermolecular bond.
· Stronger then Id-Id.
· Weaker than hydrogen bonds.
Bond polarity and polar molecules:
· If difference in electronegativites is small then the dipole is negligible ( C-H bond)
· Sometimes, even if bonds are polar, molecule may not have a dipole.
· For example tetrachloromethane, the symmetrical arrangement means that there is no overall dipole. 
Branching in alkanes:
· Branched isomers have a smaller surface area and thus less contact with other molecules and so the forces of attraction are weaker.
Halogenoalkanes:
Nomenclature:
· Alkane chain is prefixed with the name of the halogen.
· Halogens listed in alphabetical order.
· Number indicates position of halogen.
Physical Properties:
· Boiling points increases with heavier halogen.
· Same with increasing number of halogen atoms.
· This is due to overall number of electrons increasing.
· Increases Id-Id bonds.
· Stronger intermolecular bonds = more energy needed to pull molecules apart.
Bond enthalpies:
· The C-Hal bond gets weaker as you go down the group.
· This makes bond easier to break and the compounds become more reactive.
· Bond strength has greatest effect on reactivity. 
· As bond strength decreases, reactivity increases.
· Fluoro compounds; unreactive.
· Chloro compounds; stable in troposphere, react to from radicals which deplete ozone.
· Bromo and Iodo compounds; very reactive, useful intermediates in chemical synthesis. 
Reactions of Halogenoalkanes:
· Homolytic fission forms radicals 
· Needs a gas phase with high temperatures
· Or presence of UV radiation such as in the stratosphere.
· Heterolytic fission;
· C-Hal bond breaks to give ions
· [image: ]If broken completely a negative halide ion moves away.
· This leaves a carbocation.
· Needs to be dissolved in a polar solvent such as ethanol.
· Substitution reactions;
· C-Hal bond breaks and halogen atom is replaced by another functional group.
· Halogen is replaced with a nucleophile.
· Nucleophilic substitution. 
	Nucleophile
	Equation
	Product
	Conditions

	HOH
	R-Hal + H2O → R-OH + H+ + Hal-
	Alcohol
	Heat under reflux; sometimes called hydrolysis. 

	OH-
	R-Hal + OH- → R-OH + Hal-
	Alcohol
	Heat under reflux with NaOH(aq) with ethanol as a solvent.

	NH3
	R-Hal + NH3 → R-NH2 + Hal- + H+
	Amine
	Halogenoalkanes is heated with concentrated ammonia solution in a sealed tube. 



Preparation of Halogenoalkanes:
· A tertiary alcohol like 2-methylpropan-2-ol will react at room temp with HCl to form 2-chloro-2-methylpropane.
· Chloroalkane is immiscible in water.
· Five stages;
· Upper layer containing Chloroalkane is run off into clean beaker.
· Chloroalkane is shaken with sodium hydrogencarbonate to remove acidic impurities.
· Chloroalkane layer is run off again.
· Anhydrous sodium sulfate is added to remove any water (a drying agent).
· Chloroalkane is then purified via distillation.
Greener industry:
Batch and continuous process:
· Bath process; reactants placed in reaction vessel and are allowed to react. Once reaction is over, products are removed and vessel is cleaned.
· Dyes, pharmaceuticals and pesticides are made this way. 
· Advantages = cost effective for small quantities, low capital costs, different products can be made with same vessel.
· Disadvantages = filling, emptying and cleaning is time consuming, requires large workforce, contamination between different products.
· Continuous process; starting materials are regularly fed in at one end of plant and product emerges at the other end.
· Ethene, ammonia and sulphuric acid are made this way. 
· Advantages = suited to high-tonnage products, can operate for months at a time and more easily automated so workforce can be smaller.
· Disadvantages = less flexible (designed to make one product), higher capital costs, and not cost effective if run below full capacity.
Raw materials:
· Materials that feedstock are made from.
· Obtained from the ground; rock salt, limestone and cruel oil.
· Obtained from atmosphere; the air.
· Co-products are produced at the same time as the desired product via the same reaction.
· In this case they are useful products and can be sold on to make a profit for the manufacturer.
· By-products are the result of unwanted side reactions.
· Chemical process is designed to reduce the amount of by-products via changing the conditions.
Cost and efficiency:
· Fixed costs are the same and are irrespective of how much product is made.
· Includes capital costs and labour costs.
· Variable cost depends on the amount of product made such as cost of raw materials and distribution of product.
· Efficiency depends on many things such as operating temperature and pressure.
· Higher temps increase rate of reaction yet may affect the position of equilibrium and so reduce percentage yield.
· High pressures improve yield for some reactions yet requires more expensive reaction vessels.
· Also energy, so any heat which could be made during an exothermic reaction is converted using a heat exchanger into hot water or steam.
Plant location:
· Good transport network; sea terminal and good rail and road links are in important to bring in raw materials and distribution of product.
· Labour; often build near existing plants as there will be an availability of skilled labour.
· Shared facilities; product from one plant may be a feedstock for another.
· Cheap energy; use vast amounts of energy.
· Water; important in manufacture of high tonnage materials.
Health and Safety:
· UK companies have to abide by national and EU legislation.
· Regular safety training is provided.
· Every stage is checked to reduce exposure to hazardous chemicals and processes.
Waste disposal:
· Strict limits on amount of hazardous chemicals that can be released.
· If limit is breached companies face heavy fines.
· All chemical waste must be treated before disposal.
Percentage yield and atom economy:
 
 
· When calculating percentage yield calculated no. of moles of reactant then;
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