nitrogen compounds.

Petroleum consists of crude oil and natural gas. Petroleumn contains a mixture of up 1o 300 hydrocarbons, as well as sulfur and

Crude oil (liguid petroleum) contains mainly alkanes and alkenes from C1 to about C25,

Natural gas is a mixture of methane {75-90%), ethane {5-10%), propane and butane (3-6%) and smaller amounts of other

alkanes. It may also contain nitrogen, water vapour, carbon dioxide and traces of hydrogen sulfide.

1.1.1

1.1.2

1.1.3 {a)
(b)
{c)

1.1.4 (a}
(b)
(e)

Science Press

Various, e.g. gases; petroleum ether; gasoline (petrol); kerosene; diesel; gas oil; lubrication oil and wax; bitumen

Process used (o separate a mixture such as petroleum into ils components, depending on the components having

different boiling points,

fractionating
column

1ot crude oil

water

/_(Fm_”:_> light gases

naptha

,.f‘\_f‘\_/\_];w::"> gas oil
=

?

bath

|

T residue

fractional
. distiltation
column

water
out

Py

mixture

Ethene

@< =-hotplate

with porous pot

He  _H
Ho T H

mj\f gasoling
M\_C““}
~ =3 kerosene

lubricating oils

condenser

Petroleur and natural gas. In Europe and Japan, ethylene (cthene) is obtained from petroleum by lractional

distillation to produce fractions, followed by the cracking of some of the fractions,

In Australia and the USA, where natural gas is more readily available, we mostly pipe natural gas divectly from its

source and crack the ethane, propane and butane to obtain ethylene {ethene),
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1.2.1
1.2.2

1.2.3

1.2.4

1.2.5

Cracking is a process in which molecules of carbon compounds are broken down into smaller molecules with the help of heat
and/or catalysts.

Inorganic catalysts such as alumina-silica gel are used in the cracking process.
Examples of cracking are:

C,H(g) — CH () + Hylg)

CH (1) - 3C H L)+ ()

atkenes, —C=C- , share, carbon, two, electrons

{a]

- Homologous series | General formula
Aliane CH,

Alkene C.H,,

Alikyne CH.. .

)] (i} CH,

(i) CH,
Gip O,

Fthene is more reactive than ethane, because ethene containg a double carbon-carbon bond whereas cthane only has a single
*-) is muels more reactive than the single (—C-C-) bond.

carbon-carbon bond. The double bond (-Ce=

{2) A reaction in which an atom is substituted for another already in the molecule, e.g. a hydrogen atom may be replaced
wilh a halogen atom. Light encrgy is reguired,

() Various, ¢.g.

H H H C
i light [
HCIJCH + Cl, — H’*’(‘}'lC""H + HCI
y 2
H H Br H
(a) A double bord is broken, and other atems, or group of atoms, are added into the molecule.
(b
T A
!
H-C=C~H +H, -~ H(?CH
i |
H H
(c)
no A
i
H~C=C~-H + Cl, —~ H-C~C~H
| |
Ci ClI

To a sample of the hydrocarbon add bromine water, which is a red-brown colour, and see i it reacts.

An akkene, such as ethene, will undergo an addition reaction, even in the dark, and the bromine water will change from
red-brown to colourless very quickiy, (Nofe: You must abways state colour changes — from. .. to ...} it is not enongh to say the
bromine water decolourises.)

An akane, such as cthane, will undergo a substitution reaction with bromine water, but this reaction is very sJow and only
oceurs in the presence of light. This reaction may take several howrs, or even days, 1o complete.

Alkene

H H H H
H-GC=C M 4+ Br, —» H-C-C-H

E;r ér

Alkane

H H H H
H-C-CoH yBr, ™ H G CH +HBr

HoH Br H

Scienca Press
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1.4.1

1.4.2
1.4.3

1.5.1

1.6.1

1.6.2

1.6.3

164

Science Prass

(a} Various — you prebably used cyclohexane and cyclohexene becanse they are colourless and hiquid at room
temperatre, This allows you to readily see colour changes.

() Various, e.g. You must carry out this experiment in a fume cupboard, using very small quantities of chemicals and
wearing protective clothing including gloves and safety glasses.

These precautions are to avoeid bromine water, cyclohexane and cyclohexene from coming inte contact with the skin
and eyes or being inhaled.

Such precautions are essential as bromine water 3s toxic by all routes of exposure. 1Uis a skin irritant, vapour irritani
and il is corrosive.

Cyclohexane and cyclohexene are also toxic by all routes of exposure as well as being highly flammable.

{a) A monomer is a small molecule, such as ethylene {ethene). Many monomer molecules can be joined together to form a
tong chain molecule called a polymer.

{b) A polymer is a large molecule consisting of a targe number of identical smalt moleeules (monomers) joined together,
for example plastics, rubber, syathetic textiles, starch, cellulose, protein and DNA in our genes.

(c) Polymerisation.
Ethene is a small molecule. Many ethane molecules can be joined together to Torm a polymer such as polyethylene.
Monomers - b, ¢ Polymers - a, d

Along chain molecule that can be formed from an addition reaction invoiving many molecules of one or more monomers with
double bonds.

() Ethylene (ethene)

(1) cthylene polyethylene
(ethene) — {polyethene)
nCH,=CH, e Sl {(~=CH,~CH,~),

(where n isa large number)
{c)
i | | H Eood
e
I .

Various — in your answer vou should include the following points:
¥

. Describe some commercial uses of polyethylene and Iink these uses 1o its properties, e.g. Polyethylene is used for milk
botties, detergent containers, food containers and garbage bins. It can be used for these purposes as it is insoluble in
waler, inert, lightweight (Jow density), tough and strong.

. Explain, e.g. These products must be strong so they do not break easily; inert so they do not dissolve in or react with
their contents; and light for case of transport,

. Justify the importance, e.g. Thus polyethylene is important commercially becanse its propertics make it suitable for a
wide range of commercial uses.

Initiation - A chemical calied an initiator starts (initiates) the reaction by opening the doulile bond of an ethylene (ethene)

monomer. This forms an ethylene {ethene) free radical.

Propagation - The monomers join, to form a chain.

Termination - When free radical ethylene (ethene) chains combine, & complete polyethylene {(polyethene) molecule is formed
and the process stops (it is terminated).

(a) A specics with an unpaired outer shell electron.

(b} A free radical is very reactive because of the presence of an unpaired outer shell eleciron. Free radical cthene
molecules readily join together,

{a) Transition metal catalysts alse called Zeigler-Naita catalysts,

{h) Affects the rate of reaction and allows the process to be carried out at a lower temperature and pressure.
These catalysts can also alfect the arrangement of units attached 1o the main chain and thus the polymer’s
physical properties such as density and stability 1o heat.
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1.0.5

1.6.6

1.6.7

1.7.1
1.8.1

1.94

1.9.2

CMONOMors

—

Factors — Various, e.g. molecular weight, density, type and amouni of additives and purity of the product.

Quality control is necessary to ensure the product, in this case polyethylene, is of unifornt high guality, with the same
composition and absence of impurities so that customers will feel confident that the polyethylene will always have the same

properties and so they will continue 1o purchase the product,

The reaction is exothermic, so heat is constantly being released. This heat may make the polymer decompose as it is formed,

decreasing the yield.

Various, ¢.g. vou might have made models of ethene molecules, then broken the double bonds and joined them together.

" Common name of monomer | Systematic hame of monorer . || Formula of monomer.
Vinyt chioride Chloroethene He _ C/H Polyvinylchloride (PVC)
H” ~Cl
Siyrene Ethenylbenzene H M Polystyrene
(Vinyl benzene) = N
H” CH,

Containers, wrapping film, blister packaging,
vegetable oil bottles, electrical insulation,
pipes and hoses, vinyl flocring, records,
outdoor furniture, videos and credit cards

Palystyrene

Frait boxes, clothes hangers, packing feam,
fcam egg cartons, meat lrays, compact disc
and audiccassette cases, plastic cutlery, foys,
surfboards and het drink cups

Flooring and carpet backing

used for phone and TV

Soft and pliable
Low static electricity
Fire and water resistant
PYvGC Sheets for roofs and Rigid and strong
skylights Wili not dissoive in water or let water through
Polyethylene Natural gas pipes Strong, insoluble in water
Coating steel pipes High resistance to chemical corrosion
Polyethylene Plastic bags and food High tensile strength
containers Transparent or transhucent
Soft and flexibie
Inscluble in water
Low reactivity with food
Low density
Polyathylene Sheathing for wire cables Eiectrical insuiater

Flexible
insolubie in water

Polystyrene Disposable foam cups

Relatively cheap

Low density and keep their shape
Heat insutator

Not chemically active

Polystyrene Surfboards

Cheap

{.ow density

Rigid

Mot chemically active

Production of Materials
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£9.3 Varieus. In your answer you should include the fellowing:

Identify at least three manufactured polymers by name and state the formula of cach, e.g. polyethylene, polystyrene
and polyvinyl chloride.

Outline the manufacture of these polymers - identify the monomers used in each case, and identify the steps in the
production process - initiation, polymerisation and termination.

Describe some uses of the three polymers.

Describe BOTH advantages and disadvantages of using these polymers. Include effects on the environment and on
peopic, ¢.g.

Plastic cups are cheaper, less dense and safer than those made of glass. 1T they break, they are less tikely to cause
damage especially (o children. The use of plastic containers also helps to conserve beach sand as this is used in glass
production. If they are made from a polymer which can be reeycled, then they are also environmentally friendly. Harly
plastics could not be recycled which caused problems with their disposal and led to0 accumulation of wastes.

The development of polymers has also led to the production of cheap, disposable articles suitable for medical uses,
e.g. tubing and needles. The use of these can preatly decrease the spread of infection among society, but has inereased
the problems of waste disposal. Recently, the development of biedegradable polymers has helped to decrease the
problem of waste disposal.

You could alse include probiems in the manufacture of polymers and the need for precautions (o be taken when
producing these chemicals, e.g.

Vinyl chietide is the monomer used to manufzcture PVC. This chemical irritates the eyes, skin and respiratory tracl,
causes liver damage and may be carcinogenie, 1t is highly toxic 1o marine life. Workers in industries using vinyl
chloride and polyvinylehloride should wear protective clothing and eye profection; have masks available in case of
leaks; check frequently for leaks so as to avoid contamination of air or water. Some workers were affected adversely
hefore the dangers of using these chemicals were realised.

Then make an assessment about the impact of the development of these chemicals. Your assessment should be
consistent with the evidence you have presented as mostly favourable or unfavourable. You should also qualify the
impact, e.g. has it had a slight impact or & huge impact on society and has it had a slight impact or a huge impact on
the environment.

2.1.1 Industries that produce or use compounds which use petroleum as a raw material, e.g. produciion and use of Jossil fuels,

production of polymers, lubricating oils,

212 Various, e.g. pelrol, aviation fuel, diese!l, candle wax, road tar, ethene, polyethylene, polyvinylchloride, kerosene, lubricating

oils, synthetic fabrics.

213 Various, ¢.g. in your answer you should include the following:

*

Define petrochemical indusiry.
1dentify a variety of chemicals produced by the petrochemical industry and their uses.

Point out that the petroleum industry is based on the vse of fossil Tuels which are non-renewable and most are likely to
run out within the next 100 years, some much sconer.

Discuss the effects an our lives if we can no longer produce some of the chemicals we currently make using fossil
fuels and petroteum.

Draw a conclusion, e.g. that it is/is not important we investigate other sources of these chemicals,

2.2.1 A biopolymer is a naturally-occurring long chain chemical made from renewable resources, usually plants or micro-

organisms, Examples of biopolymers are cellulose, starch, cotton, profeins and ghuten,

Seience Pross
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2.2.2

223

2.4.2

. . e
{2) Various, e.g. Biopol

1)) Biopol™ is a polyhydroxyalicanoate (PHA). 1L is a copolymer, as it consists of two monomers, 3-hydroxybutyrate and
3-hydroxyvalerate .

(e) 3-hydroxybutyrale and 3-hydroxyvalerate
C|) 4
CH, O CH, O
3 a
! il [ I
C
SN SN PO NN
HC  CH, OH HO  CH, OH
(d) They occur naturally in bacteria such as Azobacter and Pseudomonas.
(a) Bacleria, e.g. Alcalipenes entrophis.
(b} The polymer is presently produced industrially by bacteria (especially Aleafigenes eutrophus) growing in tanks with a

carbon-based food source. The polymer is then iselated and purified.

Recently, attempts (o produce the polymer more economicatly have used genetic engineering techniques, an example
of bietechnology. Genetically-engincered bacleria, such as /2. coli, can be used 1o produce PHA. The advantages arc
faster growth, better vields, easier recovery and the production of less extra waste biomass., Also cheaper subsirales
can be used to grow the bacteria, e.g. whey, molasses and agricuitural wastes.

Genetically engineering plants such as eress and potatoes can also be made to produce biodegradable plastics rather
than storing starch.

Although these biepolymers are al present more expensive to produce than conventional plastics, they have the
advantage of being biodegradable, thus allowing better waste management, and of being made from renewable
crops rather than fossil fuels. The use of transgenic plants is expected 1o lower costs so this polymer becomes price
competitive with traditional petroleum-produced polymers.

(c) Various, e.g. a carrier for slow release of insecticides, herbicides or fertitisers; disposable containers for shampoo and
cosmetics, and disposable items such as razors, rubbish bags, disposable nappies, fast food utensils and plastic plates.

(& Simitar to those of polypropylene, e.g. insoluble in water, permeable to oxygen, resistant to UV light, acids and bases,
soluble in chlorinated hydrocarbons, high melting point, high tensile strength and more dense than water. 1t is also
nen-foxie, biocompatible and biodegradable.

(e) Various, e.g. medical applications such as the production of surgical pins and sutures.

Properties, e.g. high tensile strength, inseluble in water, non-toxic, biodegradable (its products decompose naturally
and no surgery is needed to remove them) and it is biocompatible (the body does not react to this polymer or reject it
as a foreign object}.
N e . - . o PN . . . P

(1 Uses of Biopol ™ arc varied, and more are continually being found. As it is biodegradable and biocompatible, it is
increasingly used for medical applications and the production of items which previously presented a disposal probiem.
For medical applications, where hodegradalility and biocompatability are important properties, there is often no
Tossil fucl-based alternative,

Along chain compound formed when monomer molecules join Logether, forming a polymer, and releasing a small molecule

such as water. Bxamples are cellulose, nylon, polyester, cotion, cellophane, dacron.

Various, e.g.

ClLOH .o CHL.0H S oN CH,01
\OH 110 \ S o 1 My . o A
RO o sk o Sl ae e o / Qm oG
N A I ; [ / S VA ’
URUIET U S o OH by \ : ! gy
GOt 01 ClLOu CHLOH ol CHLO

seetion of a cellulose molecube

Small monomer molecules each release one or more gtoms and the molecules join at that point. The released atoms combine
Lo form a new compound. For example, in the formation of cellukase, an H and an O, released from adjoining monomers,
combine to form & molecule of water,

Science Press
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2.4.3

2.5.1

2.6.1

2.6.2

Scignee Press

. Condensatiof reactions . Addition'reactions . .

Both invoive monomers joining 1o form a long chain molecule.

No double bhonds necessary. Monomer has double bond which breaks during petymertsation,
Polymer forms and alse another small molecule. No small molecule produced,
(a) Glucose {molecular formula C H O, ) is a ring structure. Five carbon atoms and one oxygen atom form the ring and

O and H groups proirude above and below the ring. it also has a CH, group out of the ring. In solution the ring can
open, forming a straight chain structure.

6 CH,OH

H OH
o glucose ring

(b Cellulose is a very long polymer containing about 2000 to 8000 glucose molecules in long chains. These glucose
molecules are strongly linked together by covalent hons. Hydrogen bonding between the chains makes ceilulose
chains linear, rigid, strong and resistant to chemical attack.

CH,OH OH CH,OH OH
!
SO AT 0] - ; o A ~{) 0
| | : o |
S\ OH N AOH 7 on ;
O '
. () mmmmm
OH CH,OH OH CH,OH
section of a cellulose molecule
(c) Monomers join together without the breaking of a double bond forming celiulose and a water molecule. (Sce equation

for Question 2.4.1.)

Cellulose is a polymer of the sugar glucose. It makes up the cell walls of plants and is the most abundant carbohydrate on
Farth. Celiulose is the main component of biemass and thus is a potentially important raw material for the production of
synthetic polymers,

Petrochomicals are carbon-based compounds, so substances used fo manufacture petrochemicals must also be carbon based.
Also, being a major component of biomass, cellulose is a readily available renewable raw material for the production of
petrochemicals.

Your answer should include the following points:

. Cellulose is a carbon-based compound, as are petrochemicals,

. Cellulose is readily available. 1t is one of the main components of biomass.

. Biemass is organic matter produced from plants.

. The use of food crops to make polymers presents ethical problems as there are people starving in many parts

of the world.

. Potentizlly useful biomass includes the waste plant matter from agricaltural products such as sugar cane and corn
crops, waste from forestry such as sawdust and woodchip, and sewage. Normally such wastes are difficult to dispose
of, so using them to make substances such as polymers is desirable.

. Sun up, e.g. Cellulose has huge potential in the manufacture of petrochemicals as it §s readily available in huge

amounts and can be converted 1o petrochemicals thus reducing our reliance on petroleum. This is important as
petroleum supplies are running out.
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i (a)

H H
[
H-- (|3 (P OH
H H
[6))] Ethanol is an alkanot because it fits the following description of alkanols;
' Its formala (C,H,OH) fits the general formula: ROH, where R stands for a saturated carbon chain with

formula C M, .

. It contains the functional OH {hydroxyl) group.
3.1.2 (a} A reaction in which a molecule of water is released as one product,
()
T SO,  H
2oty “ ~H
H-C~C~OH —i—2 - = O,
o ¢ 180°C H’C C\Hq H,0
H H
(©) A molecule of water is removed (dehydration). A hydrogen atom and an OH group are removed from adjacent carbon
atoms to form a water molecule. To do this the cthanol is heated 1o hetween 100 and 200°C with concentrated sulfuric
acid used as a catalbysl.
313 The catalyst, concentrated sulfuric acid, speeds up the reaction.
321 C,H (g) + H,00) — CHOH(Y)
3.2.2 Water is added to ethylene (ethene), using sulfuric acid as a catalyst.
3.3 Use structural formulas to model the following reactions:
(a) dehydration of ethanol
H H
. H,80, H. ~H H. H
H-C-C-OH —~ C=C_ + o
P 1800 M7 H
H H
(b addition of water to cthylene (ethene)
H H H
~ H H\ s H | ;
C=C o+ O N H-C- COH
H “H Lo
H H
33.2 Various, e.g. computer simulations or using a molecular model kit, Describe how yeu did this,
3.4.1 Ethanol can be produced by fermenting sugar in sotubie forms such as sucrose and molasses from sugar cane, and fructose

from corn plants, If cellulose is present, it needs to be first hydrolysed o glucose.
The sugars are fermented by enzymes produced by fungi such as the yeast Succharomyees cerevisiae.

About 30% of the sugar produced from plant matter is in the form of xylose, a sugar that cannot be fermented by fungi. To
overcome this problem, genetically engineered £, cofi bacteria are now being used instead of fungi as they can ferment both
glucose and xylose,

After fermentation the ethanel must be separated from the reaction mixture by distillation,

3.4.2 A= Filtesing, B - Fermentation, (- Distillation,

Science Press
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151 (a) Covalent bonds.
(" Cavalent bonds within (he molecule are polar and do not bajance each other out, Oxygen is more electronegative than
carbon or hydrogen atoms, so a dipele forms.
(c) Dispersion (Van der Waals) Torces, dipole-dipole forces and hydrogen bonds.
(d)
H H
| |
H-C ~C-OH
I [—
HOoH D H
) | |
HOC '"C‘ -G —H
I
H H
- ----. = hydrogen bond
3.5.2 LEthanol is a solvent for both polar and non-polar substances. It is used as a solvent in medicines, ¢.g. cough mixtures and in

many industrial processes, ¢.g. the production of perfumes, varnishes, adhesives and plastics. thanol is polar, so it is able to

dissolve polar substances by forming dipole-dipele forces or hydrogen bonds with them. Its carbon chain aflows it to bond

with and dissolve non-polar substances.

Ethanol is very useful in dissolving substances that are not soluble in water and hence allowing these substances 1o beeome
soluble in waterfethanol mixtures. This allows medicines that are not water soluble to be taken as a liguid,

3.6.1 Ethano} readily undergoes relatively camplete combustion, in air or oxygen, releasing 1367 kJ of energy per mole of
ethanol burned.

C,HOH() + 30 (8) — 2C0(g) + 31,0(g)

Ethanol is mainly used as a fuet to supplement petrol supplies. It is mixed with petrol, usually with no more than 10% ethanoj

o avoid engine damage.

3.6.2 Ethanol is a renewable resource because it is mainly produced by the fermentation of plant matier, such as the residues from
the production of corn and sugar cane. More crops can be grown to make more cthanol and replace that whicl: is used.

3.6.3 Renew — able to prow more and replace that which was vsed.

Reuse and recycle - use a substance again, e.g. melt down aluminium cans and recast them to use again. Note that you cannot

reuse or recyele a fuel.

Science Press

Dot Point HSC Chemistry 247

Production of Materials



3.7.1 (a)
" WName | Woleouar formi “Strictural formula
Methanol H
i
H- G-OH
H
Ethanot C,H,0H E“l I_E_l
H C‘)---C|*OH
H H
Propanot C,H,0H |’E‘{ 'Tf lTE
A= GG ron
H H H
Butanol C,H,OH H 'ﬁ !l_i [TE
H-G -GG -G-0H
H H H M
Pentanol CH, OH [l_l |§_| |§_| "_| 'T'
H G G=C-C-G o
HHHHH
Hexanot C.H OH iﬁ 'ﬁ I}{ 3;] '1_{ I“‘“l
H-G- GGG G- G0
HHHHHH
Heptanol C,H,OH ll'i H t’i }TI 1ﬁ }l_i f“|
H-G- G0 C 0 G oK
H 4+ H HH M
Qctanol C,H,,OH |T’ ||‘1 le |”I‘f Il_; |Ti }j H
|
|
HHHHHHHH
(b)Y (1) 3-hexanol (i) 2-prapanol
1o o
S A A S
HHHHHH H H H
Sclence Pross
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3.8.1

3.9.1
3.9.2

393
KRS

Science Press

(a) Various, ¢.g. ethanol, methanol, 1-propanol

{b) Various, ¢.g.

——— thermometer

container

water

{uel, e.g. ethanol
i spirit burner

{c) This experimental design provides extremely inaccurate results due o the Jarge loss of heat 1o the enviromment hence it
is not suitable for measuring the actual heat of combustion. However, it can be used to compare heats of combustion of
different alkanols as they will all have the same order of inaccuracy as long as they are measured in exactly the same way.

(d) Reduce loss of heat to the environment, ¢.g. Use a metad can rather than a flask as this will conduct the heat (o the water
more officiently, insulate the can, reduce the gap between the flame and water container, ensure oxygen supply is suflicient
to allow for complete combustion of the alkanol, enclose equipment to protect from draughts, use a lid on the flask or can.

(e} Various ~ Alkanols represent a fire hazard so you should have an extinguisher handy to quickly put out any fires if an
aceident oceurs. Check the school safety package for instructions regarding each of the alkanols you used and descrive
general safety procedures as well ag any specific for cach fuel, Use safety goggles (o profect eyes.

Molar heat of combustion is the heat energy, in joules or kilojoules, released by the combustion of T mole of a fuel.

(a)

Hydrogen H, 285 142.5
Coke (carbon) C 383 32.8
Methane CH, 890 55.6
Ethane G H, 1560 518
Propane GH, 2220 50.5
Methanol CH,CH 727 22.7
Ethanol C,H.OH 1367 297

() Hydrogen

{c) Methanot has the fower heat of combustion. Therefore methanol releases less energy per gram buient than ethanol.
Thus methanol would be more expensive o use as a fuel.

=l
193 k) mol
Varicus, e.q.
Ethanot is mainly used, mixed with petrol, as a fuel to supplement petrol supplies,

Brazit and the United States use ethanol as a supplement to reduce the purchase of foreign oil supplies and to reduce poilution
fevels.

In the United States, cthanol is manufactured mainly by fermentation of corn and sugar cane residues and sales of ethanol-
gasoline blends make up about §-9 % of the total gasoline fuel sales per year,

Sugar cane and wheat have been fermented in Ausiralia to produce ethanol. However, in Australia there has not been
widespread acceptance of ethanol/petrol blends,

The large scale production of ethanol is generally considered an uneconomic praposition, mainly because of the huge cost
of distitlation and the difficully of removing all water from the alcohof, However, recent increases in fuel prices have made
the use of ethanol as a supplement to petrol mare altractive. 1t would be expected that, in the future, as the price of petrol
increases, ethanol/petrol blends will be more widely valued and used in Austratia.
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3.10.2 Various, e.g. you may have used information from websites set up by the government, a petral company. an ethanol
manufacturer or an organisation such as the NRMA.

To assess the validity of this source of information, you would need to consider how reputable it is, e.g. is it a goverament
source or an established university. If the source is an environmental organisation or a petrol company or & company
manufacturing etlanol, then the information needs to be viewed as possibly biased, A range of different sources is essential o
campare the infermation obtained,

34101 To answer this guestion fully you should include the following:
. State, describe ANIY explain at least three advantages AND disadvantages of ethanol as a fuel {see below).
. Include equations wherever possible.
. Make an assessment based on the points you have included. Any assessment is correcl as Jong as it is based on facts. If

you say ethanal has huge patential as a fuel, you must have described more advantages thas disadvantages. Consider:
Does ethanol have huge potential or little potential? Can it be used alone or only as an extender?

. Here are some exampiles of what is meant by state, deseribe and explain.

Advantages of using ethanol:

Ethanol is produced from a renewable | Ethanci is produced by the fermentation of Ethanol is produced by fenmenting biomass - this

source (unlike fossil fuels). biomass whereas other fuels are preduced from comes from plants which are renewable as they
petroleum. can be grown 10 replace the ones used.

Fermentation is by fungi such as the yeas!
Saccharomyces cerevisia and genetically
engineered £, cof bacteria,

Ethanol burns more completely/ C,H,OH( + 30,(g) — 2C0,(g) + 3H,0(g} The oxygen in the ethanol molecule ensures

cleanly than fossil fuels. . o that less oxygen is needed to allow complete
Toxic carbon monoxide is reduced by 25-30%. combustion of the fusl.

Little or no carbon is produced so less is deposited

h Ethanol is an excellent sclvent, dissolving deposits
in the car and spark plugs last longer.

built up in the engine,

Carben dioxide neutral Net CO, stays constant. The amount of CO, used | Garbon dioxide is produced when ethanol burns.
to produce crops for ethanol production = GO, . . .
produced when ethanol burns. : CO, used in photosynthesis to make crops that wil

later be converted to ethanol.
2C0.(g) + 3H,0(g) - C,H,OH() + 30,(0)

10% ethanc! can be salely added to Ethana! acts as a petrol extender without damage | No engine modification needed if only 10% added.
petrol. to engines. Makes petrol supplies last longer.

Disadvantages of using ethanol:

o sement _ Cobeserption. o Explanation
Ethanol has a lower heat of Combustion of ethanol produces less energy than | Car can fravel further with the same amount
combustion {29.7 kJ g™} than petrol combustion of same amount of octane. of octane than ethanol thus sthanol is more

(47.9 k) g™. expensive.

Existing car engines need to be It is difficult o remove all water during distillation Water causes corrosion of engines and fue! lines.

modified if » 10% ethanol used in fuel. | of fermented hiomass.

Large areas of land needed. Land is needed to grow crops to make ethanol. This is a problem because land is also needed
to grow food crops and removal of forests is not
acceplable on ecological grounds.

{Note: Ethanol can now be produced from waste
feft over from food crops which removes this
objection and means that it could be listed as an
advantage — it gets rid of wastes from crops such
as sugar cane without having to burn off.)

Lots of energy is used in production Ethano! has to be distilled from the fermentation This is a prebiem because distiliation is energy

of ethanot. mix. irensive — energy is obtained by burning fossil
fuels and also costs are high, making ethanol
EXpensve.

Seience Prass

Production of Materials 250 Dot Point HSC Chemistry



3121

3122

3.13.1

3.14.1

4.1.2

Science Press

Varions. Your answer should include a description of?

. the equipment you used (use a diagram)

. making up of the gluicose solution

. sterilisation of the equipment

. how fong the mixture was allowed to react and under what conditions

. mass changes and how you measured them

. distillation to separate the aicohol produced from the reaction mixture (include a diagram)
. low you proved that alcohol was produced.

You should also include 2 fabelied diagram of your equipment.

(a) C{_E'{”O{,(ﬂq} fermentation by yeast 7_(‘,2]{505{{{) - 2(‘()2(g)
(b} Various, e.g.

. Ensuring all equipment is sterile to begin with so other organisms do not grow in the sugar solution
- deseribe how you sterilise the equipment.

. Difficulty of distilling alcohel produced as some water bonds to the alcohol molecules.

. The problem of the alcchol produced killing yeast cells when concentration of alcohol reaches about 15%
— 30 alcohol must be removed as it forms.

. Need to maintain a constant temperature as yeast grows best at 37°C and dies if the medium is too hot or cold.
{c) Mass of reacting vessel and contents decreases as carbon dioxide gas is produced and this escapes from the container.

Maintain at a temperature of 37°C {or as near as possible), remove alcohol as it is produced, ensure all equipment is sterile
before starting. Also to produce ethanol, respiration needs to be anaerobic so oxygen needs to be excluded as far as possible,
e.g. you may have boiled the water before starting to reduce the disolved oxygen content.

Yeast cells (a fungus) grow in the sugar solution and produce ethanol and carbon dioxide as products under anaerobic
conditions. Enzyme reactions are involved so conditions suitable for the enzymes are required, e.g. temperature of 37°C.

This process involves many steps bul can be summarised by the equation:

C(,H |2Oo(aq) fermentation by yeast 2(_12;-15()1-1(]) A 2(?()2(g)

C,H,0(aq) __femenation by yeast_ 2C,H OH(1) + 2C0 (g)

. Two hall~cells are needed, each containing an electrode in an electrolyte solution,

. A wire connects the two electrodes to aliow the electrons produced to flow from one (o the other.

. If the two solutions are in separate containers a salt bridge connects them to maintain the balance of charge,

. The salt bridge is saturated with a substance, such as potassium nitrate, that allows ions 1o flow from one container to

the other butl does not react with any ions in the solutions.
(a) Various, e.g.
We {ook two beakers.
It one we put a solution of zine sulfate with a strip of zine (zinc electrade) in it.
In the other we put a copper sulfate solution and a strip of copper (copper electrode).
We connected the two electrodes to a wire and voltmeter.,
We soaked a strip of filter paper in potassium nitrate and placed this so its ends dipped into the two solutions,
(b) Various, ¢.g. A voltage was abserved on the volimeter.
If the salt bridge was nol used, or if it was not in both solutions, there was no voltage (as the cirenit is not complete),

Mention if gas is produced, an electrode wore away or a substance was depositied on an electrode.
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4.2.1

4.4.1

4.4.2

4.4.3

(a) Various, e.g. magnesium and copper or copper and jron.

(1) Various, e.g. for Mg and Cu you might have used magnesium sulfate for the Mg eleetrode and CuS0O, for the Cu electrode.
(c) Various, ¢.g.

a” 2]

> ) »

> Y

magnesiim
clectrode

copper
elecirode

sall bridge

MgSO, solution CuSO0, solution

() Various, e.g. salt bridge could dry out - keep il moist.
Male sure salt bridge is immersed in both solutions,
{e) Various, e.g. spilling or splashing of chemicals — describe their toxicity if relevant,

Wear safety goggles and protective elothing to protect the cyes and skin from splashes of chemicals. Wash hands
tharoughly after using chemicals,

6] Varjous, e.g. folded filter paper {or a flexible wbe filled with absorbent paper) soaked in a solution such as potassium
pilrate, with one end dipping into each electrolyte, With the magnesium and copper cell, positive ions (cations) move
to the cathode and negative ions (anions) move 1o the anode.

Active metals will displace less active metal ions {rom solution; for example, zine metal will displace copper jons from
selution of copper sulfate.

Zine releases electrons from its outer shell, forming zinc jons and going inte solution,

The electrons are accepted by the copper ions (in solution) so they become solid copper atoms.
We can show this by writing twe half equations and then adding them 1o see the Tull reaction.
Zn(s) ~» 0t 42

Cu™ +2¢ wn Culs)

Cu”'(ag) -+ Znls) — Zn*(ag) + Cufs)

Active metals displace less active metals from solution. The greater the difference in activity between the two metals, the
maore vigorous the displacement reaction.

Most active Least active

Na Ca Mg Al Zn Fe Pb Cu Ag

(1)
o Soluti y displagement reaction
Calclum chioride 1 Zine No reaction
Zinc chioride Calcium Calcium gees into solution, zinc is deposited
Laad chloride Magnesium Magnesium goes into solution, lead is deposited
Lead chloride Silver No reaction
(b Magnesium in silver nitrate, There is a greater difference in activity between magnesium and silver than between
magnesinm and zine.
(c) Zine must be more active than copper because the zine has displaced the copper from solution.
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4.5.1 An increase in oxidation state occurs during oxidation.

Oxidation is the Toss of electrons. For example:

Zn(s) - Zn '(ag) + 2¢ Oxidation state of zine changes from 0 (o 2; it increases.
21 {agy ~» 1(aq) +2e Oxidation state of iodine changes from -2 to 0; it increases.

A decrease in oxidation state occeurs during reduction.
Reduction is the gain of electrons. For example;
Ag'(ag) + e - Ap(s) Oxidation state of silver changes from +1 1o &) it decreases.

Cl(g) + 2 == 20T (aq) Oxidation state of chlorine changes from 0 to —1; il decreases.

4.5.2 . Uncombined clements have an oxidation state of 0 (e.g. Na = 0, H, = 0).
. loas have an oxidation state equal to the charge on their jon {c.g. Na™ =+1, 8
. Oxygen in compounds has a charge of -2 in oxides and -1 in peroxides.
. Hydrogen in compounds has a charge of -+ when combined with non-metals (c.g. in H,8) and -1 when combined

with mefals {e.g. in NakH),

. The oxidation state of a compound or polyatomic jon is the sum of the oxidatlion states ol all its aloms. Fora
compound the sum is 0.

* Oxidation involves an increase in oxidation state,
. Reduction involves a decrease in oxidation state,
4.5.3 () +2
(by-+3
{c) 0
{dy-2
{¢) -1
(47
4.6.1 A galvanic (voltaic/electrochemical) celt is an arrangement of chemicals and cquipment that allows a spontancous redox

reaction (o take place in such a way that clectricity is produced. 1t consists of two hall-cells, oxidation occurs in one and
reduction in the other. Each half-cell contains an electrode in an eleclrolyte.

4.6.2 (a) reaction that involves the loss of electrons
() reaction that invalves the gain of electrons
(c) electron transfer reaction involving oxidation and reduction
(d} a substance that causes oxidation and is itself reduced
(e) a substance that causes reduction and is itself oxidised
4.6.3 In a galvanic cell, there are two half-cells. In one half~cell there is a spontancous oxidation reaction and in the other a

reduction reaction occurs. Oxidation oceurs at the anode, releasing electrons. Reduction oceurs al the cathode which gains
electrons. A wire connects the two electrodes so that electrons can transfer from the anode 1o the cathode.

4.7.1 Two half-cells are set up, each containing an electrode in an clectrolyle solution.
A wire connects the two eleclrodes 1o allow the electrons produced 1o flow from one Lo the other.

A sal{ bridge, saturated with patassiun nitrate, is set up so that it dips into both electrolyles,
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4,7.2 (a)
(b)

4.8.1 (a)
(b)
{c)
{d)
4.8.2 (a)
)

4.9.1 (a)

(b)

4.9.2 (&)
o)

Blectrons flow from the anode {where oxidation oceurs) to the cathode (where reduction oceurs).

zinc electrons copp(gr
anode . 4N - cathode
\J
negative ions

——

eveere—-
positive
ions

electrolyte, .
salt bridge  slectrolyts,
e.g.ZnS0, e.g. CusO,
Oxidation Reduction
Zn —= Zut 4 2e” Cu?* +2e” — Cu
Znis a reductant Cu? is an oxidant

A device which carries electric current into and out of & cell,
An electrolyte is a chemical that conduets electric current.
The clectrode where oxidation occurs.

The electrode where reduction takes place.

To produce an electric current.

Release of electrons occurs during oxidation at the anode. These have to travel to the cathode, By having the anode
and cathode in separate cells, we can use the flow of electrons as a source of eleeiric current/voltage.

Standard reduction potential is a measure of the relative tendency of a substance to gain one or more ¢lectrons
compared to the standard hydrogen half-cell,

These are measured under standard conditions of 25°C, | atmosphere pressure and using a 1 mol/L electralyte

sofution. The targer the B® value, the greater the oxidising power of a substance.

A half-cell containing a standard hydrogen clectrode as shown in the diagram below:

H2 gas s

inart
metal
e.q. Pt
1 mol L[H]
Voltmeter

The redox table is a Hst of standard reduction potentials (E®). A copy of this table can be found at the back of this book,

Reduction, reduced, reversing, left, down, fluorine, electrons, top, give up, reduced, lower down, hydrogen, oxidising.
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4.9.3 (a) -0.41 volts

) Al(g) wa AT 3¢ +1.66 V
(i) Cufs) == Cu™ + 2¢ 0,35V
(c} There is no reaction with iron in a solution of aluminium ions,

For the iron in copper sulfate solution, the reaction is as follows:

Cu™ 4 2¢7 == Culs) +0.35V

Fe(s) == Fe' + 2e +0.4] V

Cu™ + Fe(s) == Fe’ + Cu(s) +0.76 V E® = 0.76 volts
W Cu” o+ 20 e Culs) +0.35V

Zn(s) s 2+ 2e +0.76 V

Cu™ 4 Za(s) === Zn' + Cu(s) ARIAY E® = 1,11 voits

4.10.1 (a) Various, e.g.

Diagram of lead acid cell:

H,80,
and waler.

Pb anodes
PbO, cathodes

Chemistry of lead acid cell;
Anode: lead plates
Pb — PHY o+ 2e
Cathode: lead dioxide
PHO, + 4H' + 2e- — Pb™ + 21,0
Pb ions combine with sulfate ions and form fead sulfate.
Plectrolyte: 6 mol L™ sulfuric acid
(b) Various, ¢.g,

Diagram of lithium cell:

Electrolyte Lithium  Anode contact

| +
Positive electrode (mixture  Separator Cathode contaclcase
used varies with type)

Chemistry of lithium cell:

Anode: lithium

B — Li"+ &

Cathode: carben

Reaction involves silver chromate or iodine, e.g.

I

, 2 — 2
Electrolyte: hithium iodide

4.10.2

Science Press

Dot Point MSC Chemistry 255 Production of Materials



4.16.3

Lead-acid cell

Cost and Practicality | Expensive, but long lasting. Expensive compared lo other batteries, Used in cardiac

Used as car baiteries. Practical for this purpose as they do | pacemakers, cellular phones, watches , compuiers and
not need 1o be poriable. Cameras.

They can be recharged. The reactions above are reversed | Practical for these uses as they arg long-tasting,

lay the car generalor forcing current back into the battery. rechargeable and high voltage.

They work in a wide range of temperatures. Lithium batteries are very light and deliver more power

{about 3 V} than dry cell and alkaline batteries (1.5 V).

Impact on society Their develepment meant that cars coukd be starled much The development of these long-lasting, rechargeabis,
more easily and reliably — they did not have to be cranked. | very light batteries that produce a constant, relatively high
They improved the capability of people 10 move around and | voltage has fed to the development of medical applications
travel long distances. such as cardiac pacemakers which have saved lives, Their
small size and portability have allowed the development of
smaller glectronic devices such as cameras, walches and
phones. These have improved our ability to communicate
over digiance.

Environmental Contains concentrated sulfutic acid (about 6 ol L7 which | Lithium must be transportad and disposed of safely to
impact must be disposed of safely as it is highly corrosive. avoid environmenial damage.

Also lead is a 1oxic heavy metal so must be disposed of

carefully.

Various, e.g. a dry cell versus a button cell:

Dry cells are useful and quite adequate for some purposes, ¢.g. in torches, toys and radios. The dry cell was an improvement
over carlier cells as it contained no figuid. However, eventually the zine casing may be used vp and allow the battery (o leak.
Also, if used continuousky, ammonia may be produced and cause the cell 1o burst.

The bulten ceH represents improvements in design as it also contains no liquid, it is smalier, has a longer shell life and
provides a more constant veliage for a longer period of time. These advantages have made possible the development of small
watches, hearing aids, microphones and caleulators. The reduction in size of these appliances has made them maore portable
and made them available to a greater percentage of the population. Hearing aids, which were previously bulky and obvious are
now smalier and more convenient,

At present the button cell is more expensive than the dry cell however, and it usually contains the heavy mefal silver so must
be disposed of carefully to prevent environmental damage. Heavy metals such as silver are toxic and they can bicaccumulate.

Overall, the button cell is superior, its small size and constant voltage making possible the developments of small electronic
devices thal would not otherwise he possible. Hs cost limits its use slightly, however, with time and mass production, this
should decrease.

(a) 1sotopes are Torms of an element with different numbers of neutrons in the atom and thus different atomic masses.
They have the same number of protons, and the same atomic number, as they are the same element. But their mass
numbers differ.

{» A stable isotope does not normatly disintegrate,

An unstable isotope is said fo be radioactive, 1t continuously emits alpha, beta and/or ganima radiation from Hs nucleus,

{c) The stability of isotopes is determined by the number of particles in the nucleus and also by the ratio of nevirons o
protons. For Hght elements, the stable neutron to proton ratio is approximately 1:1. For heavy elements the stable
neulron o prolon ratio is approximately 1.5:1.

Structure Particles Particles Electremagnetic radiation

Consist of 2 prolons and 2 neutrons Electren from the nucleus High frequency radiation
{sarne as a helium nucleus)

Charge +2 —1 Nif

lonising ability Good Fair Poor

Penetration Poor (210 cm in air) Fair (5 m in air, 2 mm in aluminium) | Very good (several cm of lead)

Deflection in electric field Towards negative plate Towards positive plate Nil
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5.3.1

Science Press

—/ alpha radiation
%,

$ gamma rays

[0
beta radiation

(a) Radioactive atoms decay at random, The nucleus emits particles and/or energy in order 1o gftain a stable structure.
The time taken for half of a sample of a radioiselope 1o decay is called its half-life. The decay of a radioisotope is a
nuclear, nol a chemical, reaction.

(b} Half-life is the time taken for half of the atoms in a sample of a radioactive clement Lo decay.

The first element 1o exist only in the laboratory was technetium (atomic number 43), created in 1937 by bombarding

molybdenum with deuterivm nucled, During and after World War 11 an American team, led by Glenn Scaborg, created 10 new

elements i an accelerator, including neptunium, the first element heavier than uraniuny, and plutonium, the element used in
the atomic bomb dropped on Nagasaki.

Since the mid-1970s, synthesis of ever heavier new clements has depended on new generations of particle accelerators.

During the last decade, a number of new clements have been produced artificially, ¢.g. hassium and ununpentivim. Many
recent discoveries are elements that only exist for & fraction of a second.
Various, ¢.g.
Element 115 - ununpentium -~ isolated a few atoms of three radioactive isotopes in 2003-4 using a cyclotron and the fusion of
nuclei of calcium and americium. {Not yet confirmed by JUPAC.)
243 K. 287 oA

pAm ot T Ca - 7 Uup 4+ 4
243 L 288 Y

wm T Ca - T Uup + 30
Element 108 — hassium — isclated a few atoms by a nuclear reaction involving the fusion of isotopes of lead and iron. Hassium
is radioactive and decays very rapidly.
208 Sy 205 £

Bi + "Fe — "Hs + 'n
Element 109 - meiterium - isolated a few atoms by the fusion of isotopes of bismuth and iron. Meiterium is radioactive and
decays very rapidly.

AWy KR 261 1
Bi + "Fe — "Mt + 'n

(a} An element heavier than uranium, e.g. neplunium, americium.
(h) Synthesised in a nuclear reactor or an accelerator.

During the past 20 years, transuranic elements have been created in nuclear reactors and by accelerator laboratories in
the United States, Germany and Russia. Most of the radioisotopes produced i this way exist for only a short time as
they are radicactive and spontaneously decay.

Nuclear reactors bombard targets with neutrons produced by uranium decay. For example neptunium and americium
are produced in this way.

Accelerators bombard target aloms with positive particles such as protons or nuclei of atoms such as helium or iron.
For example, meiterium and hassium were produced in this way.

(© Various, e.g.
In accelerators, ¢.g.:

Hassium produced by bombarding bismuth with iron.

208y - 58 204
"Bi o+ Fe - Hs + 'n

In nuclear reactors:
Neptuniumm (z = 93) - obtained by neutron bombardment of uranium-238,

23 t 230 o
Uuz o, - Npus b,

Americium - obtained by neutron bombardment of plutenium.

230 i 241 ]
Pu,, + 2'n, — TAm, + e,
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5.4.1 () Various, ¢.g. cobalf-00, strontium-90, iodine -123, jodine-131.
(Node: You must be able to state name and mass number.)
(b) Commercial radicisotopes are produced by accelerators and nuclear reactors,

An aceelerator is a machine that allows particies (e.g. protons, helium nuclei or other nuclei} to be accelerated to high
speed and fired at nucle of atoms with controlled energies in order (o study nuclear reactions or make radioisotopes,
Cyclotrons are accelerators.

Accelerators produce neutron-deficient isotopes {e.g. iodine-123, fluorine-18),

A nuclear reactor is a device that allows a uranfum chain reaction to oceur safely, releasing neutrons at a slow
and controlled rate. A target is bombarded with neutrons to produce a radicactive species with extra neutrons in the
nucleus so nuclear reactors produce neutron-rich isotopes (e.g. jodine-131, strontium-90, cobal-60).

5.5.1 Geiger-Miiller tube, badges containing photographic film, thermoluminescent dosimeter, scintillation counter.
5.5.2 Various, e.g.
Geiger-Miiller tube

This consists of a sealed glass wbe with a thin mica window at one end. The gas inside the wbe, often argon, is ionised by
radiation entering the tube. This causes a current to flow through the attached circuit, which has a recording device included, This
device is most elfective in detecting beta particies; it can also detect alpha particies if the source is within 2 cm of the window.

Thermoluminescent dosimeter {T1.1)

A TLD measures the amount of gamma radiation received over a periad of time. 1t consists of a badge that contains crystals of
an inorganic salt that absorbs the radiation.

When these chemicals are heated, the energy they have gained from radiation is released as light. The intensity of the light
emitted on healing gives a measure of the radiation the person wearing the badge has received.

5.6.1 (a) Various, e.g. Americium-241 is used in smoke alarms.
()] Various, e.g. Technetium-99m is used in the diagnosis of disease.
5.7.1 (a) Americium-241 is used in smoke alarms where it emits alpha particles and low energy gamma rays to form

. 24 a3y 4
neptunium-237. 7 Am,, — “Np,, + "He,

When no smoke is present, the alpha particles ionise nitrogen and oxygen in the air in the detector.
When smoke is present, the smoke absorbs the alpha pasticles emitted, so the rate of ionisation drops and this sets off the alarm.

(b} Technetium-99m is used in the diagnosis of disease. [t is injected and the low energy gamma rays it emits can be
detected externally. Technetium can show blood flow abnormalities, heart defects, and the size and location of
cancerous growths. It can be attached to a range of biological carriers and thus can concentrate in a number of
different types of tissues and organs.

5.7.2 Technetium-99m is suitable for use in nuclear medicine because of its properties, such as:
. Hs short hali-life of 6 hours — this is long encugh for medical investigations and short enough te minimise the patient’s

exposure 1o radiation.

. 1t is readily excreted (minimum exposure).
. It emits low energy gamma radiation - thus causing minimal damage to healthy cells.
. 1t can be attached to a range of biological carriers and thus can concentrate in a number of different types of tissues

and organs.
. It can be made when and where needed from molybdenum-99 (99Mo) in a transportable generator. Molybdenum-99 is
a product of nuclear fission in a nuclear reactor,
5.8.1 Various, e.g.
Many radioisotopes are used in medicine (e.g. cobali-60, iron-59 and iodine-131). Their roles include the diagnosis and
treatment of disease, monitoring the effectiveness of drugs and steritising medical and surgical equipment. Cobalt-60 emits
gamma rays which can be used to sterilise equipment and also to kill cancer cells in humans.

Radioisotopes perform many useful functions in industry, such as measuring thickness of plastic fitms and steel sheeting,
checking the interior of solid objects for wear and cracks, analysis for forensic science and determining when containers are full.

Science Press

Production of Materials 258 Dot Point HSC Chemistry

!



5.8.2 One problem associated with the use of radioisotopes in industries and medicine is their effects on living cells.

. Radiation can affect the structure of enzymes so they cannot act as catalysts.

. The structure of membranes can be changed, thus preventing transporl within and between celis.
. The structure of DNA molecules can be altered so DNA can no longer functlion comectlv,

. Sex cells can be altered and the changes passed on, causing defects in offspring.

Because of these harmful effects, the use of radioactive isolopes must be carefully monitored.
Another problem is with security during transport and storage of radioactive substances and wastes.

Waste disposal is also a problem. At present radioactive wastes are stored pending agreement on safe disposal.

§
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