Chemical Monitoring and Management

1.1.1

1.1.2

Various, e.g.:

Occupation Work
Pharmacist

Analytical chemist

supply, air and foods

Environmental chemist
Biochemist
Chemistry teacher

Various, e.g.;

dispenses and advises on medicines in a chemist shop, hospital

measures concentrations of chemicals in industry, our water

monitors pollution in air, water ete and considers its impact
studies chemicals and the chemical reactions in organisms

chemical education at secondary and tertiary level,

L information gathered

Name of occupation

Chermnical engineer

industry in which this chemist is likely to be employed

Manufacture of ammonia for fertilisers and expiosives

Role of this chemist

Develop and monitor the production plant

Examples of work this chemist would undertake

Contrel the temperature, pressure, reaction rate and

input/output of the plant to maximise production and
ensure safety

1.1.3 (@) Vartous. For Internet sites, give complete URL, for books give title, author, publisher and date of publication, for

personal confacts, give name of person, title and occapation.

6))] Various. Comment on the agreement you found between information provided in different sources (this is one reason
for using a range of resources).

Comment on the likely reliability of the sites you chose to access. Reliable websites would be those of industry
associations such as RACE (Royal Australian Chemical Institute), universities, government bodies, research
institutes and recognised experts in the field.

1.1.4 1d, 2f, 3a, 4b, 3¢, 6e

1.2.1 Various, Information can be gained on stafl of universities, the CSIRO, other research institutes and companies such as Shell,
Caltex, Orica. Information is available on the Internet, in scientific journals (available in public librarics) and by conlacting
companics.

1.2.2 (a) Various, e.g. an electrochemist may use electrode potentials and oxidation numbers, an industrial chemist may use

Le Chatelier’s principie, an analytical chemist may use principles of volumetric or gravimetric technigues.
{b} Various. You witl need to outline the principle and describe how this principle is related to the work of the chemist.

For example, for an eleetrochemist, using electrode polentials to delermine the electrical output from a particular
battery he/she may have designed.

Electrode potentials are voltages obtained from connecting a haif-cell with a standard hydrogen cetl, These can be
used to predict the electrical output from other combinations of half-cells such as in a new battery.

1.3.1 Liach chemist has a particular expertise and hence a particular part in the overall process. However, for the plant to run
efficiently and safely, cach chomist must share their ideas and data so that efforts can be coordinated, ¢.g,

Industrial chemists would menitor the conditions of operation of the process in order 1o maximize the yield and ensure the
safety of the plant.

Analytical chemists would test the purity of the raw materials and (he quality of the products and consult with the industrial
chemist o deiermine ways of maintaining and improving standards.

Environmental chemists would monitor and advise on any pollution and the disposal of waste products. The disposal of wastes
must be economical and safe for workers and the environmment. The industrial chemist would work with the environmental
chemist to implement the required procedures. The analytical chemist would advise the industrial and envirommental chemists
of suilabie techniques to analyse and dispose of any wastes and give reports on the monitoring of wastes.
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1.4.1

1.4.2

1.4.3

2.1.1

2.2.1

2.2.2

Complete combustion:

2CH (1 + 250,(g) — 16CO,g) + 18H,0(g)

Incomplete combustion:

Various, e.g.

2CH 0+ 170,(g) - 16CO() + 18H,0(g)

Carbon may also be a product Tor incomplele combustion, e.g,

CH D + 600 — SC + 3C0() + 91,00

_ . - :  Complete combus G _Incomplete combustion
Products formed CO, and H,O H,0 and any combination of CO, C, CO, and unbumed
hydrocarbons
Relative ratic of oxygen to fuel Unlimited {excess) oxygen available Insufficient G, for the amount of fuel (low air-to-fue! ratic)
{high air-to-fuel ratio}
Relative amount of energy released Maximum energy Much less energy obtained from fuel
Environmental effects Grezenhouse gas CO, produced Much more poliuting as CO is very toxic, C particles form in air

and greenhouse gases produced

Various. o your answer you should refer 1o the need to monitor combustion o ensure safety, economy, the conservation of
non-renewable substances and minimal pollution, e.g.

Combustion — For cconomy, the maximum energy output is required from the minimam amount of fuel burni, Poltution is
minimised and energy output is maximised when oxygen is in excess, so the chemist should monitor the process o ensure that
the air-lo-fuel ratio is sufficient for complete combustion.

Pollution — Possibie pollutants are carbon dioxide, carbon monoxide, sulfur dioxide, oxides of nitrogen and particles. (You
should include equations.) Foliution should be minimised to reduce damage lo people and the environment. (Describe cffects
of some of the poliutants you have identified.YTemperature of operation and the ratio of fuel to oxygen present can affect the
products formed so these must be monitored to reduce the formation of pellutants. Also constant monitoring of the products
and the plant are essential to deteet pollutants formed.

(a) In lertitisers, as a raw material in the manufacture of chemicals, ¢.g. nitric acid and explosives, as a cleaning agent and
as a weak base to neutralise acids.

(b) Fartiliser - In agricutture and horticulture ammeonia is applied (o crops as cither a solid or liquid. 1 is used as ammonia
solution, as ammonium nitrate, sulfate of ammonia or ammoninm phosphate. The nitrogen in the ammonia is an
essential plant nutrient.

Production of chemicals — Ammonia is used as a raw malerial in the production of nitric acid (a strong oxidising

agent) which in turn is used to manufacture synthetic fibres such as nylon and explosives such as TNT.

Cleaning agent — Ammonia solution (ammonium hydroxide) destroys bacteria so it is a component of many household
cleaners such as floor and bathroom cleaners. 14 is a component in medicinal products such as mouthwashes and
antiseptic soaps and washing products such as nappy washes and fabric sofleners,

Weal base - Ammonia is used to safely neutralise acidic by-products in petroleum refining and in acid spills. Being a
weak base, it generates heat slowly during neutralisation (an exothermic process) so does not cause further burning,

@ Nyg) + 3Hg) w 2NH (g)
)] nitrogen and hydrogen
Nitrogen is obtained by fractional distillation of liquefied air,

Hydrogen is obtained by the reaction of steam with methane ebiained from natural gas,

{a) Revessible reaction — a reaction which can proceed in both directions,

) Equilibrian: — a reversible reaction proceeding in a closed systems and wiih the rate of the forward reaction equal to the
rate of the reverse reaction,
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2.3.2

2.4.1
2.4.2

2.4.3
2.5.1

2.60.1
2.0.2

Science Press

Hydrogen and nitrogen react very slowly to form ammonia and, at the same lime, the ammonia decomposes into nitrogen and
hydrogen, This means the reaction is reversible and can be writlen as:

Njg) + 3H () = INH(g)

1n a closed system, equilibrium wilf be reached when the rate of the forward reaction is the same as the rate of the reverse
reaction. However, for this reaction the equilibrium is slow Lo be reached and fies to the lefl,

To form ammonia, nitrogen aloms and hydrogen atoms must combine. Mowever, nifrogen and hydrogen do not exist as single

atoms, they both exist as diatomic molecules held together by strong covalent bonds. Nitrogen molecules are held 1ogether by

very sirong triple covalent bonds and the single covalent bond between hydrogen aioms is also quite strong. A Jot of energy is

needed to break these bonds and Torm atoms that can rearrange (o form ammonia. This energy is called the activation energy,

the energy needed to start the chemical reaction. Therelore the activation energy is high,

Correct words are: released, less, Jess, weaker

(a) A means the change in enthalpy. AH is negative, indicating that the reaction as written is exothermic and heal energy
is refeased by the reaction. 92 k) of energy is released for every mole of wmmonia formed.

{b} Inergy profile for formation of ammonia:

In this profile, the following symbaols are used:

I

o energy of reactants

I3, == energy of products

v
I, = activation energy {the energy needed o starl the reaction}

AH = ¢hange in enthalpy.

Energy

Heaction path
Reaction path of exothermic reaction

(c) The diagram shows lower energy in the bonds of the product than in the bonds of the reactants. Therefore, during the
reaction, there was a net decrease in energy stored in the system and energy was released 1o the environment,

endothermic

{a) An inerease in temperature makes molecules move faster, they have greater kinetic energy. This results in more
energetic and more fiequent collisions.

(b) More frequent collisions leads o faster reactions because molocules react when they collide with sufficient encrgy.
{c) Both the forward and reverse reactions will increase in rate as temperature increases,

I system i equibibrium is changed, the system will adjust to minimise the change.

(a) The equilibrium will shift to the left {reverse reaction Tavoured ).

(b) As lemperature increases, the equilibrium moves left 1o absorb this added heat (e Chatelier’s principle}. The increase
in temperature is minimised by the system absorbing the added heat. Since the reaction is exothermic and the reverse
reaction is endothermie, the rate of the reverse reaction will inercase to absorb the heat. Thus the equilibrium shifis o
the left,
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2.7.1

281

2.8.2

2.8.3

2.8.4
2.9.1

2.9.2

293

In your answer you should include:

(a}

)]

A statement deseribing the Haber process. include an cguation,
State the effect of increased pressure: Equilibrium shifts to the right, favours production of ammonia.

Analyse the effeet mentioning Le Chételier’s principle: By Le Chitelier’s principle, when there is an increase in
pressure, the system moves 1o fower the pressure. The equilibrium shifts o the right, as there are four gas molecules
on the lefl and only two gas molecules on the right, (Fewer gas particles in the same volume means lower pressure. )
The shift in the equilibrivm position 1o the right to counter the pressure change, favours the formation of ammonia,
hence an increase in pressure will increase the yield of ammonia.

Low temperature shifts cquilibrium to the right (Le Chitelier’s principle, exothermic reaction) and favours ammonia

formation, increasing the yield of ammonia.

The rate of reaction slows down (fewer collisions at lower temperatures), hence formation of ammonia is slower.
| )

A relatively high temperature is required in order to provide enough kinetic energy for the particles (o ensure a reaction occurs
al a satisfactory reaction rate.

However, at a high temperature, the yield would be very low due to the eguilibrium lying too far to the left (Le Chitelier’s

principle, exothermic reaction). This is overcome by the use of other means (pressure) to foree the reaction to the right, The

temperature of 450°C is high enough to allow a good reaction rate and low enough to obtain ammonia,

The high temperature causes the system to move left (Le Chételier’s principle and exothermic reaction) to use up the

added heatl. High pressure shifts the equitibrium in the forward direefion, overcoming the effect of temperature on the

equilibrium position.

Cool to hiquefy the ammenia.

Haber succeeded in making small amounts of ammonia from hydrogen and atmospheric nitrogen in the laboratory.

He discovered a catalyst Tor the reaction and worked out the conditions of temperature and pressure that allowed a

reasonable yield.

Bosch developed the process 1o an industrial scale including inventing the necessary high pressure equipment that would

enable the process to be carried out on a large scale. Germany had succeeded in implementing this process by 1913,

Nitrogen and hydrogen used in a ratio of 1:3; 250-350 atmospheres pressure; about 450°C temperature; catalyst of finely

divided ron or iron oxide; ammonia Hquefied and removed as it is formed.

In your answer you should include the following:

How ammonia was obtained before the Haber-Tosch process was used, ¢.z.

Nitrates were oblained from deposits of sodium nitrate in Chile and transported 1o Europe by ship.

Identify uses of ammonia - manufacture of fertilisers and explosives.

Discuss the effect of World War 1, e.g.

The British navy prevented the transport of nitrate by ship from Chile to Germany and so cut off the supply.
Explain the need for large quantities of armumonia at that time in history, ¢.g.

Population increases since the industrial revolution required more and more food to be supplied and in turn this
required more fertilisers for crops. Also, there was an increased demand for explosives {(WWT). Ammonia is used in
fertiliser and is converled 1o nitrates for the manufacture of explosives,

Make an evaluation, ¢.g.

The ability to manufacture ammonia using almospheric nitrogen (the Haber-Bosch process) and hence to manufacture
explosives gave Germany a distinet advantage during the First World War and enabled Germany to continue the war
for much longer than otherwise would have been possible. Historians believe that Germany would have run out of
nitrates by 1916 i it had not developed the Haber process, On the other hand, the Allies had to rely on Chilean nitrates
which became more expensive as the war progressed. Hence the synthesis of ammonia from hydrogen and nitrogen by
the Haber-Bosch process had a significant impact on the course of history during the carly 20th century.

Also, mereased fertiliser production, using the Haber-Bosch process to manufaciure ammonia, has enabled increased
food production and thus continued the inerease in the world population,
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2.10,1 (a) Catalyst — a substance that changes the rate of a chemical reaction without being used up in the reaction,

(1) The catalyst lowers the activation energy and hence allows the reaction to proceed more quickly and at lower
{emperalires,

(c) Catalyst increases the rate of the forward and the reverse reactions. Thus equilibrium is reached faster. It has no effect
on the cquikibrivm position.

2.10.2
_______________ o, no
| & A calalyst
Ey f Ay
with a
Energy
preducts
Reaction path
2.10.3 Finely divided iron or iron oxide.
2.104 The Haber process involves a reversible, equilibrium reaction.
_ -1
Ny(g) + 3H,(g) == 2NH,(g) AH =-92 kI mol
The forward reaction is exothermic, so the high temperature needed to preduce # fast reaction rate would push the equilibrivm
1o the left and result in a low yield.
The reaction rate for both forward and reverse reaction 1¢ inereased by using a catalyst, A lower temperature can be used with
the catalyst t¢ achieve a faster reaction rate. This helps in the delicate balance between the effect of temperature on rate and
the effect on equilibrium position,

2.11.1 nitrogen, hydrogen, reversible, reactants, increase, forward, ammonia, maximum, amnmonia.

2.11.2 The team running the plant must continuatly monitor the ratio of gases fed in, their purity, the temperature and pressure in
the reaction vessel and the performance of the catalyst. The unused gases ave returned (o the reaction vessel and the ammonia
removed. Checks must be made that no gases being used or produced are allowed to escape into the environment. Alse
disposal of any wastes and the safety of the plant must continually be checked.

3.1.1

 Compoun olubility. Compoun lubliity.
Sodium chloride soluble Magnesium phosphate insoluble
Calcium hydroxide insoluble Calcium sulfate slightly soluble
Magnesium sulfate soluble Zinc carbonate insolubie
Barium sulfate insoluble Iran hydroxide insoluble
Silver chioride insoluble Sitver phosphate insoluble
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3.1.2

313

(a) Anions are negatively charged fons such as phosphate, chloride and sulfate ions. Cations are positively charged fons
such as caleium and sodium tons.

()
; ; _;;}.\'n_ié'n_:" S e : _ = : DSltlverasuitandequalion
Phosphate (POY) (i} Add silver pitrate {hy yeliow cloudiness
- 1
i) Acidify, add ammonium molybdate PO{ad) + BAg(aa) — Ag,PO,(S)
{(NH }.MoQ,} and warm {fi) Bblue solution

Sulfate (SO?") Add barium ions, e.g. batium nitrate White precipitate of barium sullate that is
insoluble in ditute hydrochloric acid
SO%(ag) + Ba™'{ag) -~ BaS0,(s)
{Noie: Barium carbonate is also white and
insoluble)

Carbonate ({}Oi’3 ] Add dilute hydrochioric acid Carbon dioxide gas is produced

COff,"(aq) +2HYag) — CO,g) + HO
This turns limewater (Ca{OH), ) milky
COg) + Ca(OH),(ag) —» CaCOs} + H,0()

Chioride {C) Add silver nitrate seolution White precipitate of sitver chioride
Ag'(aq) + Cl'(ag) - AGCI(s)

()
o caen .. 0 Testused, T Positive result and equation
Barfum (Ba™) Flame test Apple-green flame
Add sulfaie ions White precipitate of barium sulfate
S0%Taq) + Ba™ (ag) - BaS0(s)
Calcium (Ca™) Flame tast Orange/fred flame
Add carbonate ions White precipitate of calcium carbanate
Ca’(aq) + COY(aq) — CaCO,(s)
Lead (Pb™) Add iodide ions Yelow precipitate of lead fodide
Pb™ (ac) + 2'(aq) — Pbi,s)
Copper (Cu' or Cu™) Flame test Blue-green flame
Add hydroxide ions Deep blue precipitate which dissolves in
excess hydroxide
tron (Fe™) (oxidises to Fe™ on standing) Add bydroxide ions White precipitate of iron{ll) hydroxide which
oxidlses In air 1o red-brown iron{li} hydroxide
tron (Fe™) Add hydroxide Red-brawn gelatinous precipitate of iron{lf)
hydroxide
{a) Various. Flame tests can be carried out using a platinum or nichrome wire loop and placing a loop of the ion solution

into a Bunsen fame. The wire loop should be cleaned in concentrated hydrochloric acid. Alternately, the solution can
be sprayed ino the flame from a pumyp bottle. A third method is 10 use tongs to hold a toothpick or paddle pop stick
soaked in the selution in the flame.

-insulaled handle

spray solution
into Bunsen flame

paddie pop stick or
toothpick soaked in
solution then placed
in flame

" loop s cleaned in
concentrated HCI,
dipped in the chemical
then placed in the flame

i salution to test

=

Risk assessment depends on method used. You should identify the danger, explain the danger and describe the
precaution faken, ¢.g. Corrosive or toxic chemicals can be splashed into the eye and burn the eye. So always wear
gogeles when using chemicals to prevent the chemicals reaching the eye. Name the corrosive or toxie chemicals used.
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{b)

This test uses emission of Hight by atoms afler they have been sulficiently heated to cause their electrons 1o move (o
higher encrgy orbits, The energy absorbed by the atoms is released as light when the clectrons return to their lower
energy level. The process is called emission spectroscopy.

{c) The colour emitted depends on the encrgy difference between the excited state of the electrons and their ground states.
Different metals have difTerent electron configurations, Thus the pattern of electron movement varies and so does the
colour emilted.
(d) Lead vapour would be formed. Lead is very {oxic.
3.14 (a) Coloured compound developed with a specific reagent, precipitation reactions and production of & gas when reacted
with acid,
(b) Various, e.g. chloride and phosphate ions can be distinguished by precipitation with silver nitrale as the reagent. Thig
fest can be used because the silver compounds produced are easily distinguished by thetr colours.
Sifver chloride is a white precipitate. Ag(ag) + Cl'{aq) — AgCl(s}
o) « . 3 N .
Silver phosphate is a yeltow preeipitate, POy (aq) + 3Ag (ag) — Ag,PO(s)
3.5 Foods need to be monitored fo ensure that they do net contain any toxic materials, that they meet the required standard and

also 1o aseertain their nutritional value. Labelling laws require the ingredients to be listed on the fins/packets along with

nutritional information for the consumer. The ingredients should be fully deseribed to prevent dangerous allergic reactions in

SOIMC CONSUMETS,

With medicines, i is crucial thal the correct quantily of active ingredient is always present in cach dose and the product must

be pure. This requires constant moniforing. Similarly water qualify is constantly monifored and appropriate treatment applicd

to ensure safety and taste and to detect any poliution.

3.2.1 Various, ¢.g. mercury:

‘Summary of information gathered.

Identify the ion chosen Mercury

Why the ion needs to be monitored Mercury is a toxic heavy metal. It occurs as the element, as inorganic salls and as organomercury

compounds. The latter are pariicularly dangerous as they can enter the brain and cause neurological
damage and can cross the placenta. Mercury has been linked to damage to the nervous system,
kidneys, endocrine system and miscarriages as well as developmenial delects and fearning disorders
in children,

Mercury can enter the body by inhalation or ingestion. it 1s difficult to excrete and accumulates in
tissues, called bioaccumulation.

How the ion is monitored Mercury is readily detected and measured by AAS which measures quantiies as low as pph.

Substances monitored for this ion Bioed, hair and other Hssues, soil, water, food and the atmasphere.

Persiats in the environment.

Sources of thae ion in these substances | Fossil fuels contain mercury which is alrborne when these fuels burn.

Mining and refining of mercury metal produces mercury vapour.

Disposal of products containing mercury, e.g. mercury-based batleries are no longer manufaciured
becauss of disposal difliculiies.

Mercury compounds are used as fungicides, and in eyedrops and antiseptic ointments.

Wastes from industries using mercury. Mercury was used as an elecirode in the electrolysis of sodium
chloride solution to male sodium, chiorine and sodium hydroxide.

Contaminated food, e.g. fish. The FDA in USA warns that some fish, e.g. shark, swordfish and tuna
Irave dangerous mercury levels and suggests limiting fish consumption especially Tor pregnant
WOMER.

Incfdents involving this metal Minamatta Bay (Japan): 81 tonnes of metallic mercury was dumped In the bay. Sea floor bactetia

converted this to organic compounds whicl entered the food chain and caused Dirll defects, severe
ahdominal pain and deaths of more than 140 people,

i frag, 6500 people were il and 450 died when seed wheat treated willh mercury was accidentally
used to make bread.
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3.2.2 (a)

mg/L is milligrams per lire,

. : . . . -4
pefl is micrograms per litre, (2 micragram is 107 gram)

ppm is parts per million, I ppnt can be, for example | g in 1000000 g or 1 ml. in 1 000000 mi..

ppb is parts per billion, for example 1 ppbcan be 1gin 10° g,

(b) 200 pp/t = 20071000 mg/L = 0.2 mg/t.

260 pg/L = 0.2 mg/1000 ml = 0.2 > 1000 mp/10° mL= 0.2 o/10° ¢ or ppm (1 mL water = 1 g water)

200 pp/L = 0.2 ¢/10° g = 200 ¢/10” g or ppb.

3.3.1

Add K1 Yeliow precipitate lead

Add OH ions dropwise Leep blue precipitate that dissolves in excess hydroxide copper

Spray into flame Apple-green colour barium

Add AgNO, White precipitate that darkens on exposure to light chlaride

Add dilute HCI Gas produced that turns limewater milky Carbonate/hydrogen carbonate
332

Add
diiute
HCl

I

l l

Fillrate White precipitate
PbCI,

| l

Add Kl
to confirm
Pb'A

While precipilaie
Ba8Q, andfor CaS0,

] |

I

White precipitate
el

Red fiame Green flame | | Dark blue get
Ca® Ba’ Cu

! Brown precipitate
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Mixture of anions

&

l ! l

Gas produced
oot

add

ammonium
AgNC, molybdate
Blue colour
Confirm PO
with
limewalsr
White precipitate
that darkens with
light: Ci-
Whitg
pracipitate
80
3.3.4 Various, e.g, Add silver nitrate to a sample of each solution, A white precipitate will identify the two chloride solutions. The

carbonate can be confirmed by addition of acid and passing the gas produced through Hmewater. The {wo chloride solutions
can be distinguished by flame tests. Caleium produces a brick-red flame colour whereas sodium produces an erange/yellow
flame. You should include cquations - see Question 3.1.2,

3.4.1 (ay Both determine the contents of a mixture such as the ingredients in a food. However, in qualitative analysis the
quantifies of the components of the mixture are not measured, just the composition (chemicals present) is determined,
whereas in quantitative analysis, the percentage of cach component is also determined by volumetric, gravimetric or
colorimetric methods.

(1) Various, e.g. The analysis of sulfate fn fawn fertiliser carried out i this subsection is an example of quantitative
analysis. Quantities are measured and the percentage of sulfate is determined. I sulfate had been detected by the
formation of a precipitate with barium jons, but no nmeasurements taken, the analysis would have been qualitative.

34.2 {a) Vartous. The method probably involved weighing a sample of the fertiliser, dissolving it in strong acid using heat and
stirring fo ensure all the sulfate was dissolved. Any undissaived material would have been removed by filtration. The
sulfate would then be precipitated by the addition of barium ions and the precipitate collected by filtration. The residue
would be washed with deionised water and dried (o constant weight. Steps in the method should be listed. Include a
labelied diagram of the filtration steps.

“+

(N The acid aids dissolution by the reaction S()’ + H = H8Q,

This is an equilibrium reaction that shifts to the right with the addition of acid.

The sulfate is precipitated by addition of barium {ons as barium sulfate is very insoluble.

S()?I {ag) + Ba'(ag) — BaS0 (s). This separates out the sulfate which can then be collected.
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3.6.1

1.6.2

Chemical Monitoring and Management

(a) Mass of dry BaS0, 1.25¢g
males of Bas(), m/M = 1.25/23337 = 536 x 107
males of S()i = 536 = 107
mass of sulfale M = 536 % 107 % 96,07 = 05159
% sulfate in fertiliser = 0.515/1.05 = 100 = 49%
() The sulfate content of the commercial lawn fertiliser tested was found experimentally to be 49%,
(a) Various — state the results for your class.
(b} Various. It is likely the results from the ¢lass varied widely between groups. Compare them and also compare the

results with any information provided on the fertiliser container produced by the nanufacturer.

Any differences could be due to experimental error which varies with the expertise of the various groups, However,

problems with the method could also have contributed to the variation. For example, it is possible that not all the

sulfate was disselved in the initial step, depending on the cations present. Also the barium sulfate precipitate is very

fine and cannot be collected with the Whatman no. 1 filter paper normally available in schools.

(c) Various, c.g. The results are not very reliable as can be seen by the degree of variation in the class results. Greater

expertise, more suitable equipment or a modified method would need 1o be vsed in arder o improve the reliability.

Step in :_;iﬁg proced [i re.:

‘| Problems encountered,if any | -

 Possible solutions

step

Grind fettiliser lo fine powder and
accurately weigh sample,

Can be accurately carried out
with care,

Take care grinding and
transterring chemical.

Valid procedure, i carried out
carciully.

Disselve fertiliser in acid.

Mot alf fertiliser dissolved. and
since some sulfates are insoluble
it was difficult to decide when all
sulfates had dissolvad.

Add mare acid, heat and aliow
time for dissolution.
(SO“; + H' - HBO))

Valid step if carried out with
extrerme care. However, this s a
nossible source of error.

Filter and collect filtrate containing
dissolved suifaies,

Filirale was cloudy and needed
more than one filtration to remove
solids.

Repeal filtration untii filirale is
clear, Wash filter paper to ensure
minimal loss of solution.

Valid step i carried out with
extreme care. However, is
possible source of error,

Add barium nitrate to precipitaie
out suifates,

Unsure of quantily to add in order
to ensure oxcess Ba® ions.

Add barium nitrate until ho further

precipitate forms. Allow time for
precipitate to setile.

Possible source of error as
solution is cloudy and it is difficult
to see whan no further precipitate
Is formed.

Filter 1o collect precipitate of
barium suliate.

Despite repeated filtrations, the
filtrate remained cloudy.

Need vacuum filtration and a very
fine filter such as a Millipore filter
ot sintered glass filter,

Mot valid with normal schoo!
equipment. Needs special filler o
collect the fine precipitate.

Wash, then dry to constant mass.

Slaw and time consuming. Neads
to be continued over a long
period.

Take care and exercise patience
o carry oud properly. Use same
halance for each weighing. Make
sure no precipitate is lost,

Valid step if carried out with
extreme care. However, is
possible source of error,

Similarity -~ Both methods are analytical tools for determining the composition of a mix(ure and detecting small amounts of

substances present in a mixture. Both rely on the movement of electrons between energy levels in atoms.

Difference - Bmission spectroscopy uses the energy refeased when electrons move 1o an orbit of lower energy whereas

absorption spectroscopy measures the energy absorbed when electrons move 1o an orbit of higher energy.

(a) Sir Atan Walsh

() Atoms absorb light as their electrons jump 1o higher energy levels. Atoms of different elements absorb different

wavelengths of light. This is due (o their different eleciron configurations. This enables just one clement to be detected

in & complex mixture by choosing a lamp with the appropriate wavelength. AAS measures the Hight absorbed.

(c) It AAS a lamp emils the same pattern of wavelengths that is absorbed by the element to be measured in the sample.

The sample is atomised into a chamber and the lght of speeific wavelengths is passed through the sample. Depending
on the concentration of the element in the sample, some of the light will be absorbed, the more of the element

being tested for in the sample, the more light absorbed. A detector determines the proportion of light absorbed and

a calibration curve is used to convert the absorption reading into concentration units. The diagram shows how AAS

works.

296
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3.0.3

3.6.5

3.7.2

Science Press

i acetylene/air flame
fiiler\

Naccl S

L"“:*?‘J L] $ !
|
detector compuler

e sample is aspirated

Various - you should include three examples:

Medicine — the levels of metals in tssues can be measured such as iron evels in blood, Also lead or heavy metal content in
people can be diagnosed.

Pharmaceutical and food industries - traces of elements such as arsenic, fluoride can be detected in the final product,
Agriculture - levels of trace elements in soil can be measured.

Industry - the quality of raw materials and final product can be determined, For example the level of a metal such as gold i
an ore can be accurately measured or the composition of an alloy determined .

Environmental analysis ~ monitoring of air, water and soil by AAS detects low levels of pollutants such as mercury, cadmium
ete. This can indicate poliution at a stage belore it becomes too dangerous.

(a) Ilements required by living things in only very smali amounts for the efficient action of enzymes, e.g. copper, zine,
boron, cobalt, molybdenum, iron.

(b) Trace clements such as copper, zine, boron, cobalt, molybdenum, iror and magnesium are required by plants and animals
for the aclion of enzymes. The processes of photosynthesis and respiration require trace elements. Crop vields will be
low and plants unhealthy if soils are deficient in trace elements. Animals need these elements as cofactors for enzymes in
respiration and other reactions, Animals derive these minerals ultimatety from plants through the food chain,

(c} Until AAS was invented, trace elements could not be detected in sufficiently low tevels, so their importance in crop
growth and health of livestock was not understood. Using AAS, experiments can be carried out 1o compare growth
conditions to yield which allows the efficient supplementation of a trace elements (o soils. The detection of trace
elements in the tissues has led to an understanding of the chemistry of these elements in orpanisms,

AAS s a relatively simple, fast, accurate and inexpensive technique that can be used to menitor levels of trace elements such
as copper, zine, boron, cobalt, molybdenum, iron and magnesium.

Until AAS was invented, trace elements could nol be measured accurately, so their importanee in crop growth and health of
livestock and humans was not understood. No other method is sensitive enough to detect the fow levels of these minerals.

Using AAS, experiments can be carried out to compare growth conditions (o yield which allows the efficient supplementation
of trace elements to soils. The detection of race elements in the tissues has led to an understanding of the chemisiry of these
clements in organisms,

AAS has also improved the health of humans through increased understanding of the role of trace elements in our bodies and
the detection of beavy metal contamination. 1 has been a very important technical advance.

AAS has had a profound effect on agricultural proaductivity, improving crop yields, health of crops and livestock.

(a} Standard solution - A solution of accurate, known concentration of a particular ion. Absorbance — The fraction of the
incident light of a certain wavelength absorbed by a substance. As the concentration of the substance increases, the
amount of light absorbed will increase.

{h) In AAS standard solutions are made up and placed, one by one, inte the atomic absorption spectrometer. The readings
obtained are the absorbance of each solution. The concentration of ¢cach solution is graphed against its measured
absorbance.

() A series of standard selulions is made up and tested using AAS w measure the absorbance of each sotution. The
concentration of each solution is plotted on the horizontal axis and the absorbance reading for each standard, obtained
by AAS, is plotted on the vertical axis.

This gives a graply which is used (o convert AAS readings o concentration units. When uaknown solutions are tested using
AAS, their absorbance levels obtained allow us to read off their concentration of the substance being tested fiom the curve,

() Measurements are made and quantitative technigues involve measurement.
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3.7.4

4.2.1

{a)
copper
"
0.8yt /
0.6 //
Absorbance /
0.4 Ju — /
0.2 4
0
2 4 6 8
Concentration (ppm}
W 2.2 ppim, 2.2 2 107 g/l
(i) 0.8 ppm, 0.8 % 107 @i
(iif) 4.1 ppm, 4.1 x 107 g/l
(c) Various, e.g, The higher levels of copper were due to proximity 1o a copper mine or smelter.
(a) Mining and refining of ores, factories and industries using metal compounds, power stations bumning fossit fuels,
chemical manufacturers, sewage effluent, agricultural run-off,
(h) Government organisations such as Enviroamental Protection Agency (BEPA), Health departments, local councils.

Individual companies are responsible for their own pollution monitoring and control.
AAS is a very valuable tool in pollution control.

1t can be used to measure low concentrations of many different pollutants in many environments, e.g. in atmosphere, soil,
water, food and in living organisms.

A disadvantage is that it is only possible to test for one ion at a ime. For each ion tested, it is essential o use a Jamp of the
correet wavelength and the relevant standard solutions.

Also the equipment is expensive (o purchase. However, once the machine has been purchased and set up, it ¢an be used 1o
carry oul assays quickly, accurately and cheaply so it can be used to monitor pellution.

Authorities can get results quickly so action can be taken to control pollution and detect the source of the pollution, People are
also protected when harmful pollutants are detected in consamer products.

Treposphere 0 - approximately 15 78% N, 21% O, 0.9% Ar, smai} Variable. This is the
amounts of other gases such as layer where wealher is
CQ,, Ne, He and pollutants such ag determined.

methane and oxides of sulfur and

nitragen.

Stratosphere 15 - 50 Ozone (0,) and other gases as inthe | ~50°C 10 30°C at top
froposphere

fonosphere 50 -~ 180 lons and atomic parlicles About -50°C

{made up of two layers called {atmosphere gradually fades away

mesosphere ang thermosphere) - there is no sharp upper boundary}

Atmospheric gases are not spread evenly. About 90% of atmospheric gases oceur in the troposphere, 9% in the stratosphere
and 1% in the ionosphere.

Suifur dioxide - acid rain, common allergen.
Carbon monoxide - toxic - combines with haemoglobin better than oxygen, causing asphyxiation.
Nitrogen dioxide - acid rain.

Carbon dioxide — greenhouse gas, contributes to global warming.

Science Press
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4.2.2

. Folltion .. Sources —artificlal &

Nitrogen oxides (NO,, e.g. NG, NO,} Motor vehicles, electricily production, jet Biomass burning, lightning, soil bacteria
engines

Voiatile organic compounds Unburnt fuel, solvents and paints Emiited by vegetation, e.q. eucalypts

Carbon menoxide {CC} Motor vehicles, incomplete combustion of Biomass burning, volcances, decompasition
fuels of plants and animals

Carbon dioxide (CO,) Combustion of fuels in motor vehicles and Biomass burning, volcanoes, decomposition
electricity production of plants and animals

Sulfur dioxide {SQ,) Electricity production, smelting metal suifide Bacteria, volcanoes
ores, combustion of fossil fuels, industries,
e.¢. paper and food processing

Particles Combustion of fossil fuels, mining, Biomass buming, soil (wind erosion), polien,
construction, incinerators spores

Lead Smelting metal ores, incinerators, paint, Erosion of lead ores
manufacturing, e.g. batteries

4.3.1 {a) Oxone forms in the stratosphere when an oxygen molecule is decomposed, by high energy radiation, to form two
oxygen atoms (reactive free radicals). O,(g) === 20+(g). Bach exygen atom then combines with another oxygen
maolecule to form ozone. O,(g) = O«g) = O,(g).

In the troposphere, oxygen free radicals and ozone are formed when electrical discharge from storms and machines
such as photocopiers and laser printers decomposes oxygen and also when the sunlight breaks down nitrogen oxides in
petrochemical smog.

(M Most, about 90%, occurs in the siratosphere and 10% in the troposphere.

(c) in the lower atmosphere ozone is a pollutant. 11 is & toxic. pungent gas that causes irritation of the eyes and airways,
coughing and increased incidence of respiratory conditions such as asthma. 1t also causes lowering of resistance 1o
infection. Being a strong oxidising agent, it disrupts biochemical reactions.

4.3.2 (a) UV is damaging to humans. It burns the skin, damages biological molecules such as RNA, DNA and proleins thus
leading 1o cancer and suppression of the immune system. It damages the eyes Torming cataracts {cloudiness) of the
lens and can damage the retina, By contributing to the formation of photochemical smog, il also causes respiratory
problems.

(b) Australia has the highest incidence of skin cancer in the world and UV radiation causes skin cancer.

{) UV radiation from the Sun is largely absorbed by the ozone layer, particularly the more dangerous UV-13 part of the
spectrum which is the higher energy, smaller wavelength UV. } is very important that a farge percentage of the UV
rays reaching the Earth be absorbed by the atmospheric ozone in order to maintain tife on Earth, UV decreases plant
growth, affects aquatic organisms and causes increased cancer rates in humans as wetl as other health effects (see part
(a)}.

4.4.1 (a) An attractive force belween two atoms that are sharing two electrons.

() The coordinate bond is formed when one atom donates both the electrons in the shared pair. A fone pair from one alom
forms the bond.

(c) In normal covalent bonds, one electron cones from each atom to form the shared pair, however, in coordinate bonds
both electrons come from the same atom. Once the bond is formed, the properties are the same and the bonds cannot
be distinguished.

442 Ammonia has a central nitrogen atom covalently bonded Lo three hydrogen atoms. The N atom has a lone pair of electrons in

its valence shell. This lone pair can be donated to an H' ion, forming an ammonium ion. The four bonds to the hydrogens are
atl equal once they are formed.

H—N(

Science Press
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4.5.1

4.0.1

4.6.2

4.6.3

4.6.4

4.7.1

4.7.2

a Carbon monoxide b hiydronium ion
( Y
. M
S L Tw = o
AN s\
H H H H

() Q7ONe

[0«

0
S Q9

Different forms of an element in which the identical atoms are arranged differently so the forms have differeni propertics.

. Ry
=0, —>'0" 0

Carbon hag allotropes - graphite, diamond, fuilerenes.

Both substances are composed of oxygen aloms, but they are arranged differently. Oxygen is a diatomic molecule with the two
atoms joined by double covalent bonds, Ozone molecules have three oxygen atoms, two of them joined by double covalent
bonds and one joined to the central alom by a single coordinate bond. Include a diagram.

: . O(oxygengas) . 0/ozone
State and colour Colourless gas Pale blue gas.
Odour Odourless Sharp, pungent odour.
Reactivity Moderately reactive. Highly reactive,
Daecomposed by high energy UV light. Decomposed by medium energy UY light.
Effect on hurmans Essential for life Causes coughing, chest pain and rapid heart

heat. Irritates eyes and airways.
At concentration > 1 ppm il {s toxic,

Melting point and boiling point M.P. -218,75°C MR -192.5°C
B.F -182.96°C B -110.5°C

Structure and bonding Diatomic molecule — two oxygen atoms held Threa oxygen atoms held together with 1
together with a covalent double bond. double covaient hond and 1 single coordinate

covaltent bond.

Shape Meiecule is inear shape Molecular shape is bent

Ozone and oxygen molecules both have dispersion forces between their molecules, but ozone is alse polar and thus has
stronger intermolecular forces. The doration of the electron pair from the central oxygen atom leaves a small positive charge
on the central O atom, Therefore the ozone molecule becomes a dipole whereas diatomic oxygen is non-polar. The higher
melting and boiling points of ozone are due to stronger intermolecular forces in ozone than in oxygen.

0, has a strong double bond which has more stability than the single coordinate bond in ozone, thus more energy is needed 10
break the O, bonding than the ozone bonding so the ozone molecule is more reactive than diatomic oxygen and is a stronger
oxidising agent.

(a) A reactive particle that contains one or mare unpaired electrons in its outer shell. An oxygen atom is a free radical
containing two unpaired electrons in its valence shell.

(b)

unpairad
eleclrons

Very reactive, a molecule with one atom that reacts immediately with its surroundings. Very reaciive because it exists in a high
energy state and it has two unpaired electrons in the valence shell.

Toxic because it reacts with organic molecules in living cells causing toxic damage.

Scignce Press

Chemical Monitoring and Management 300 Dot Point HSC Chemistry



4.7.3 0., O, and the oxygen free radical (-} are all forms of the element oxygen, but the free radical is much more reactive and the
most toxic. (3, and O, are relatively stabie in the atmosphere unless acted on by UV, buf the free radical only exists briefly,
once formed # immediately reacts.

4.8.1 (a} methane, ethane, propane, bulane, pentane, hexane, heptane, oclane
(b} fluarine, chlorine, bromine, jodine, astatine
{c) Alkane witl one or more halogenr atoms substituted into the molecule in place of hydrogen atom(s),
{d) fluoroe-, ¢chloro-, bromo-, iodo-
4.8.2 . Use prefixes for the halogen groups.
. If more than one type of halogen atons is present, list them in alphabetical order,
. Use di, tri, tetra when there is more than one atom of any halogen.
. Number the carbon chain, giving the lowest sel of nunshers o the halogen present.
. I the numbers are the same fron both ends of the chain, then give the first named hajogen the lowest number,
4.8.3 {a) (1) I, 1-dichioroethane
{ii) 2-bromo-3-chlorobutane
{iii) 1. 2-dichloroethane
{iv) 4-bromao-2-chioro-3,3-difluorchexane
(V) 2, 2-difluore-3-methylbutane
{vi) 2-chloro-4-cthytheptane
(b)
() (i) (iii)
(EDI ?I Br Br H CEJI
H- Cll‘C H H- &‘) :C ([‘3 H Fo- C|3 Cl
FF F F F F
{iv) ) {vi)
o o F o Lo
H — Ciw 9 IC(? ..... ?. F,' H ('1_': (|3 ?.,, H H — ?v ‘C.W. |C ,,,,, ‘C H
HHHHF F F H F H H Cl
4.8.4 There are three pairs of isomers - Part {a)(i) and {iii); Part (b) (i) and (v); Part () (iv) and (vi). In each case they have the

same molecular formula, but different structural formulas.

4.9.1 Various, e.g. with molecular model kits (describe what you used as atoms and to represent bonds) you may have construcied,
drawn and named a number of halealkanes. By placing the halogens on different carbons you would have made isomers.
Isomers have the same molecular formula, hence same number of each type of atom, but the atoms are arranged differently,
Use diagrams to illustrate some isomers you made.
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4.9.2

l_a| H H l;l Cl Br
. b
Cl— 9 ([3 C-Br H- (‘3 C- C!: H
[ {
HHH HHH
1-bromo-3-chioropropane 1-bromo-2-chloropropane
oK e
b
[
Br H H H ClH
1-bromo-1-chloropropane 2-bromo-2-chloropropane
I—li E}r (EDI
HA,,. C‘ (;). C.._ H
1
HHH

2-bromo-1-chloropropane

4.10.1 (a) CFCs are halogenated alkanes with all hydrogens substituted with chiorine and fluorine atoms, e.g.
dichlorodifluoromethane and 1,1, 2,2-tetrachloro-1,2-diluoroethane.

b Halons are halogenated alkanes with hydrogens substituted with bromine and fluorine atoms, e.g.
bromotrifluoromethane, bromochlorodifluoromethane.

4.10.2 Although a small amount of chloromethane is produced naturally by micro-organisms, most CFFCs and halons are entirely
synthetic. Hatoalkanes have been manufactured by industries since the 1930s when they began to replace ammonia as a
refrigerant. As demand for refrigeration and air conditioners grew, they were produced in increasing quantilies and more uses
were Tound.

4.10.3 CFCs were used as refrigerants in air conditioners and refiigerators; as solvents in dry-cleaning and as propellants in aerosol
spray cans. They were used for these purposes because they are non toxic, inert and are casily liquefied and then returned to
the gas phase.

Halons were used in fire extinguishers as hey do not suppert combustion.

4.10.4 {a)

#) trichlorofluoromethane {ii} dichlorodifluoromethane
Cl Cl
Cl- é) Cl F ([3 Cl
F ;

@ity bromotrifluoromethane (1v) 1,1, 2-trichloro-1,2,2-trifluorocthane
E? g
F—-C-F F-C-C~Cl
F FoF
M (1) 1,1,1,2-tetrachloro-2,2-difluoroethanc

(i chlorotriffuoromethane
(Y tribromofuoromethane
(i) I}, 1-tribromo-2,2, 2-trifluorocthane
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4.11.1

4.11.2

4.11.3

4.11.4

Science Press

Qzone levels vary with seasons (fower in winter) and with fatitude (more dense layer at the equator than at the poles).

Ozone is formed when high energy UV radiation splits oxygen molecules into oxygen atoms {Iree radicals). Oy — 20(g)
These reactive oxygen free radicals combine with other oxypen molecules 1o form ozone.

Og) + O,(g) — Oa)

Medium energy UV can break down ozone again. The UV radiation is absorbed by the ozone before it reaches the Farth's
surface. O{g) — O(g) + O,(g)

Oxygen free radicals also react with ozone to decompose it, forming oxygen gas.
O(g) + O(g) — 20,(g)

Meleorological stations use balloans, airerafl and ground-based spectrometers 1o monilor stratespheric ozone. (There are

five ground-based stations arcund Australia - Perth, Darwin, Melbourne, Brisbane and Macquarie Island.) Satellites are also
used, ¢.g. NASA has & satellite spectrometer called Ozone Monitoring Instrument (OM1) - which replaced the Total Ozone
Mapping Spectrometer (TOMS) on January 1, 2006. This satellite covers the whole area of the Farth every day and accurately
maps ozone levels at all altitludes.

{a) Initially because of curiosily about atmospheric circulation in the upper regions of the atmosphere and te help with
weather forecasting. We now monitor to try and achieve a comprehensive global picture of ozone levels so we can
understand normal fluctuations and the effects of human activities in the hope that we can minimise any damage.

(1) Ozone levels have decreased in the stratosphere especially over Antarctica, In 1985 it was revealed that the ozone
concentration over Antarctica had decreased by 50% from 1975 to 1985, This was measured from both satellites and
ground-based stations in Antarctica. This hote continues to grow and now covers about 24 million kim’. There was
also a 40% thinaing in the Arctic ozone layer by the late 1990s. Total ozone at mid and high latitudes has decreased
by about 8% in the last 40 years. Many areas now report thinning which is worse in summer due to the stronger UV
radiation in summer,

(c) Early ground-based measurements of ozone levels provided limited information about ozone levels in the atmosphere
above limited focations. The introduction by NASA of TOMS, and now OMI, mapping of ozone has led Lo much
more accurate measurement of ozone levels over a much wider area and for all elevations. There seems no doubt that
the ozone levels have decreased over recent years, however, as we have only been making these observations for a
relatively short period of time, we do not really know whether this is part of a regular eyclic pattem.

(a)

360
340 +
320 A

Total 300 +
ozone

{Dobson 280 1
units) 260

240 -

220 -

200 T T Y T T T T t T T T T
JFMAMUJ I A SOND
Month of year
)] Various, c.g.
Both graphs show considerable fluctuation.
Both decline in the early months of the year and then increase.
Both had their highest values in spring (Sept to Nov).,
(c) Various, ¢.g.

Ozone levels above Sydney Harbour Bridge fluctated threughout 2004 and 2005, reaching their highest jevels in
spring of each year.
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4.12.1
4.12.2

4.12.3
4.12.4

Various, ¢.g. The Australian Bureau of Meteorology, The Australian Institute of Geoscientists, NASA.

(a) Since CFCs are inert, they are able to reach the stratosphere without being changed. There, the UV radiation releases a
ehlorine atom (free radical) from the CFC molecule.

e CCLE(g) — CCLE(R) -+ Cla(2)
L (g) o Cl{g)

(h) The chlosine atom {a free radical) is highly reactive and immediately attacks an ozone molecule:

COLF (&) — CC

Cleg) + O(g) — O,2) + Clo«(g)

{c} The CIG- (chlorine oxide radical) then either reacts with a free oxygen radical or decomposes to form another chlorine
atom and G,

CIO(g) + Oe(g) — Ofg) + Clg)
20y — 2C1+{(g) + Og)
Chlorine free radicals are again released 1o continue reacting with ezone.
The loss of molecules of oxzone, formation of O, molecules and the regeneration of chiorine atoms (free radicals).

[zach chlorine atom introduced into the stratosphere can destroy thousands ol ozone molecules before it forms a stable
compound and is removed. As shown by the equations in answer to Question 4.12.2, cach chlorine atom (free radical) released
breaks down an ozene molecule and then further reactions release it to break down yet another ezone molecule. This process
can be repeated thousands of times until the chlorine manages to react with something else and form a stable compound.

CFCs are stable, so they last a Jong time. They make their way up to the stratosphere and dissociate there forming chlorine
free radicals which attack ozone.

Include equations as in 4.12.2.

The removal of ozone has allowed more UV light to reach the Barth’s surface. This has led 1o a greater visk of skin cancer,
cataracts and other headtls problems in humans. Plant growth has decreased including the growth of plankton. Plankton are an
important source of atmospheric oxygen and the decrease in producers in the ocean can ajso affect the marine food chain and
lead to a decrease in maring organisms.

(a) In 1985 a number of governments adopted the Vienna Convention on Protection of Ozone Layer. The Monureal
Protocol of 1987 was a UN initiated international agreement 1o phase out the manufacture of substances that deplete
the ozone layer. There have been a number of amendments to the Protocol. By 1996, 155 countries had ratified the
Montreal Protecal and its amendments. The Protocot sets aut a time schedule for freeze and reduction of ozone
depleting substances such as CFCs and hatons. A broad range of industrial chemicals used as refrigerants, aerasol
propellants, fire retardants, solvents and fumigants arc involved. Ieveloped nations acted quickly 1o comply with the
Montreal Protocol and developing nations must comply by 2010, Acerosol cans are, where possible, replaced by pump
sprays. Gases in old equipment are collected and disposed of, not released into the atmosphere. Hydrohalogenated
compounds have been developed to replace CFCs as refrigerants.

{b) All coumtries did not agree te ali aspects of the Montreal Protocol. This has to some extent decreased its effect. Also
China and ather developing nations do not have to comply with the Montreal Protocel untii 2010.

Flowever, the changes made worldwide have s6ill brought about a large reduction in the release of CFCs into the
atmosphere. They have also increased peoples” awareness of problems associated with the destruction of vzone
and CFC levels are now monitored along with ozone, Unlartunately CFCs already in the atmosphere are stable
compounds. They will persist and continue to destroy the ozone for some {ime.

The replacement pases intreduced have a CH bond Lhat is less stable, so they tend (o be attacked while still in the
lawer atmosphere. Thus they do not reach the stratosphere to attack the ozone, However, these replacements are
generally more expensive and in some cases less effective. Also they are snostly greenhouse gases, contributing to
global warming and some of them are toxic.

Although the steps faken have effectively reduced the volume of ozone depleting pases entering the atmosphere, the
prablem is by ne means solved. More needs 1o be done (o ensure the survival of ozone as it is vital in protecting us
from the Sun’s harmful UV rays,
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4.14.1

4.14.2

4.14.3

5.1.3

Saignca Press

Halozlkanes with some hydrogen atoms are now used. They ave calied HCEFCs (hydrochlerofiuorocarbons) and

HFCs (hydrofluorocarbons, c.g. CF CHCL, CF.CFH,, CCIF,CHE )

They have been very effective as replacement chemicals but they are not a perfeet solution. These compounds are less

stable than CFCs due to their CH bond and so are broken down in the troposphere. They don’t reach the stratosphere and so
don’t deplele ozone. Howaever, as refrigerants and propellants, they are nof always as cifective as CFCys and tend to be more
expensive. They also contribute to the greenhouse effect. They should be collected and disposed of carefully rather than being
released into the atmasphere.

Various. In your answer you should include the following:

. ldentify some uses of CFCs.

. Name and state formulas for some CFCs.

. Give reasons Tor their uses (mention propertics).

. Describe problems with their use — destruction of ozone and its effects.

. Include equations. Explain the importance of the chlerine free radical. {Nore: This is NOT a chloride ion)

. Describe steps taken to alleviate prablems — Montreal Protocol, education of the public and replacement of CFCs,
. Discuss advantages of, and problems with, these steps.

. Make an assessment of the effectiveness of these steps, based on evidence you have presented, Your assessment

shoutd make a judgement - do the steps effectively solve the problems?

Sodium, pelassium, calcium, magnesinm, chloride, sulfate, bicarbonate. However, the concentration of the jons varies and the

ocean concentration is much higher.

(a) Your answer should include most of the following:
. The minerals present in rocks and soils over which the waler flows.
. The rate of the flow of water affects the concentrations of the ions dissolved.
. Gases from the atmosphere dissolve in water, the colder the temperature, the more soluble the gas, ¢.g. CO,

dissolves readily in water to form COy;

. The acidity of water alfects the ions dissolved, e.g. ahwminium salts are more soluble in scidic conditions.
. Pollution changes the types of ions present.

(b) The composition of the oceans varics very little as ions that wash into the ocean from rivers are removed by marine
arganisms and deposition on the sea floor, Slight variations occur with temperature, Pollution may cause localised
changes.

(a) Water which will not lather easily and Torms a scum witly soap.

(I} calcium, magnesium, carbonate and sulfate ions

{c) Hard water does not father well, it forms a scum and discolours washing. [t has a metallic taste. Hard water may leave

a deposit in water heaters and it may be unsuitable for drinking.

Various, ¢.2.

. Atmospheric CO, dissolves in water to form carbonic acid, the cooler the water, the more CO, dissolved and the Tower
the pii.
. Also gases such as sulfur dioxide and nitrogen oxides form acids when they disselve in water and acids lower the pHL

These are pollutants formed mainly by combustion of fossil fuels.
. The composition of the soif and rock atso affects the pH.

. Discharge of effiuents into the water can cause high or low pH.

Dot Point HSC Chemistry 305 Chemical Monitoring and Management



5.1.5 {(a1) Cloudiness of the water, its clarity,

(b} . Erosion causes silt and clays to be suspended in waler.

. 11 pH or temperature changes, solubility of compounds in waler varies and particles may come cut of
solution, increasing turbidity.

* Growth of'm

icro-organisms creates turbidity.

. Butrophication increases turbidity. This occurs with discharge of fertiliser, defergent or sewage into

walerways and the resultant algal bloom.

8.2.1 {a) 30 - The amount of O, {mg) dissolved in ! L of water. Oxygen enters waler from the almosphere and 18 also
praduced by marine plants. Animals need oxygen for respiration and will die or move away it there is insufficient Q,.
Animals need at least 5 mg/L (5 ppm) O, for survival,

{b) RBOD — The amount of oxygen used by | L of water kept in the dark for five days at 20°C. 1Uis equal 1o the initial

DO minus the DO at five days, Decomposers use O to break dows the organic material in the water. The greater the

quantity of organic matier, the greater the demand for oxygen by the decomposers. 11 the BOD exceeds 5 ppm, there

will not be sufficient O, for the aquatic organisms. [1 is a measure of the amount of arganic matter in the sample.

8.2.2 (a) Nitrates, nitrites and phosphates. These ions are present in animal waste and fertilisers.
(b) Nitrogen and phosphorus are reguired by plants {or growltls, so as the levels increase in water, algal growth oceurs, I

the N:P ratio is about 10:1 with N greater than | ppm and P > 0.1 ppm, then eutrophication teads to occur. The ratio is

used as an indicator of poliution with sewage, fertiliser or detergents, all of which contain high fevels of N and P.

5.2.3 They dissolve in rain and form acid rain, e.g.
SO,g) + 1,000) — 1,80 (ag)
ANO,(g) + HO() - HNO(aq) + HNO,(aq)
This increases the concentration in the water ol hydrogen ions, sulfate and nitrate tons.
Increase in hydrogen ion concentration can increase the solubilly of some salts and release more ions, e.g. aluminium ions into
the water.

524 Irrigation and land clearing cause the water table 1o rise, bringing with it salt from underground. The salt washes into
waterways, increasing the content of sodium ions (Na') and chioride ions (C1') in the water.

5.2.58

" oot on water aua

Concentraticn of common ions

High concentration of Na* and CI™ ions Indicates salt water or salinity of fresh water. Nitrales and phosphates
can indicate sewage or agricultural run-off. Ca® and Mg™ ions indicate hard waler. H' ion concentration can
be a sign of acid rain contamination.

Tetal dissclved solids {TDS)

Can indicate brackish or bore water which may require treatment to reduce ions. Can also indicale salinity.

Hardness Hardness test indicates high Ca™, Mg®, CO% lon concentrations and although this is normal for ground
water, it may require treatment before use especially for drinking.

Turbidity May indicate erosion and run-off from land, or may be due to high numbers of micro-crganisms. Can indicate
poliution.

pH Extremes of pH will kill aquatic life. Change in pH affects content of other ions, e.g. AI™ lons, because
solubliity of ionic compounds varies with pH. Can indicate acid or alkali contamination from poliution. pH is
normally 8.8 for sea water and 5.0 1o 8.5 for fresh waler.

DO and BOD High DO indicates well acrated water with sufficient oxygen to maintain life. Needs to be considerad

alongside oxygen demand as this indicates organic material. High BOD can be due 1o sewage or industrial
effiuents.
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5.3.1 Various results, depending on your samples and equipment available, e.g.

Common ions AAS for cations Quantitative
Flame tests Qualitative
Precipitation Qualitative {or quarntitative if you weighed

amounis)

Insoluble solids | Filter measured sample, dry and weigh residue, Quantitative

TDS Filter sample, evaporate a measured amount, dry and Quanlitative
weigh residue.
Measure electrical conductivity with data logger and Quantitative
conductivity probe.

Hardness Precipitation tests to defermine calcium., Quantitative
Ability to tather with soap. Qualitative

Turbiditly % light transmitted through standard depth or depth at Cuantitative
which lines in turbidity twbe can just be seen.

Acidity Indicators Crualitative
Dala fogger with pH probe Cruantitative

Do Data fogger with O, probe Quantitative

BOD Difference between DO after five days in dark under Quantitative
standard conditions and initial DO.

Phosphate Colorimetric ~ add amimonium molybdate, measure Quantitative
depth of colour when blue compound formed

53.2 Various depending on the origing of the samples you tested, e.g. pond waler may have high phosphate, high BOD

and high tarbidity. This would indicate organic matter and algal growth,

53.3 (@  3.30gL

(by This indicates that all the water has been evaporated and only the solids remain. Increases accuracy of resuits,

otherwise you do not know if it is thoroughly dry.

-1
5.3.4 244¢L
5.4.1 () Various, ¢.g. lead, mercury, cadmium, silver (any metal witl a density over 5 g/em’).

(I} Various, ¢.g. mercury — organomercury compounds can enter the brain and cause neurological damage, Symptoms of
mercury poisoning include loss of hair, insomnia, heart discase, birth defects and thyroid problems. It can also cause
death.

(c) Bicaccumuiation - building up o high levels in the tissues of organisms,

Biomagnification — concentration increases as it moves along the food chain.

5.4.2 {(a) An increase in the nutrient content of water leading to excessive algal growth (an algal bloom} which is fellowed by

decay of the organisms and depletion of oxygen in the water.

by -

Excess nutrients, particularly nitrogen and phosphorus, wash into the water as pollution and promote

plant growth.

Algae grow rapidly, some producing toxins, and then die.

The decomposition of the algae (by bactleria and other micro-organisms} uses up the oxygen in the waler

and the water becomes stagnant,

This shortage of dissolved oxygen leads 1o the death of aquatic organisms,

() The addition of excess nufrients (0 waterways from farm run-off, detergents, sewage or industrial effluent. The effect

is worse if there is little flow of water, e.g. during drought.
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543 Various, ¢.i.

Jethods used to test for heavy metals

AAS -~ used 1o detect traces of heavy metals. Samples
need o be sent to a lab. al specific wavelengths. Each wavelength is selected to
measure one element in the mixture. Then absorbance is
related to concentration using a calibration curve.

Pracipitation tests can be used in the field when Precipitation tests utilise the varying solubility of ionic
an immediale indication is required, but is not as compounds, e.g. add polassium iedide solution to form a
sensitive, yeliow precipitate of Pbl, indicating lead contamination.

2Kifaq) + Pb* — 2K'(ag) + Pbl(s)

5.4.4 Various e.g.

“L 7 Methods Uised to test for elitrophication iChemistry

Measuring the nitrogen and phosphorus content of the | The nitrates or phosphates are converted to coloured

water by colorimetric lests. compounds using standard reagents. Then the deplh of the
colour is measured and converted ta concentration units with
a calibration curve.

Measure turbidity. Turbidity increases as algae grow. Turbidity is measured by the light that can penetrate the
solution. Attach a faint lack cross to the base of a long
cylinder. Look down the fube. Slowly pour water into the lube
unlif the cross disappears.

Measure DO and BOD, DO and BOD are measured by data loggers and an oxygen
00 will decrease and BOD will increase as the algae probe. The probe sets up an electrochemical celf with the
die. oxygen and a voltage is generated that is proportional 1o the

axygen content,

5.4.5 Various, e.g.

A would probably contain 2 higher concentration of fons, especially heavy metal jons, nitrates and phosphates. B would have
a higher DO and lower BOD and lower rbidity due 1o less organic material and hence less miicro-organisms. 1 is likely that
the pH of A would be more acidic due to effluent and acid rain discharged from the industrial arca.

It would be likely that the fertilisers and animal wastes from the farms would lead to inercased concentration of nutrients,
possibly causing algal bloom before the river divided. Also erosion of topsoil may have increased turbidity.

The tributary A would not be likely to have the nufrient balance restored as more wastes from the town and possibly toxic
wastes and organic wastes such as sewage would be contaminating A by (he time if reached the sea. 13 could have its nutrient
balance restored as it flowed through the forest as trees on the banks would absorb nutrients.

Tests to verify dilferences could include: tes(s for common jons especially nitrates and phosphates, AAS for metals, DO,
BOD, twbidity, pH and micro-organisms.

5.5.1 (a) A natural area where rainwster and rum-ofT are collected 1o provide a water supply.
{h Various. The following description applies to the Sydney catchment. Sydney has four main catchments west and

south-west of the city. The largest is the area areund Lake Burragorang. This is the lake formed by Warragamba Dam
and is Ted by the Cox, Wollondilly and Kowmung Rivers.

552 Permited activitics include pienicking, bushwalking and recreational activilies.

Not permitted include: swimming or boating on the dams, farming. logging or urban development, industry or the use of
chemicals such as insecticides.

553 Various, e.g. sediments from erosion, aninmal urine and faeces, decaying organisms, leaching of chemicals from surrounds or
corrosion from structures by the area. Careless or Hlegal chemical use may also pose a risk.
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AAS Metal lons especially heavy meials.

Flame test Metal fons such as Ca™, Cu™, Ba™,

Precipitation reaction tests {ons such as CI {indicating salinity), SO_’;', PL™,

Add acid and iest lor carbon dioxide :

produced

Gravimetric analysis insoluble solids such as silt, clays, sludge suspended in the water.

Electrical conductivity Total dissolved solids.

Turbidity insoluble solids such as sift, clays, sludge suspended in the waler. An indication of microbial
conlamination such as algal growth, faecal contamination.

Acidity Dumping of acid or alkali wastes, acid rain.

[B10) Law DO indicates increased activity of aerobic microbes which use up the oxygen. Possible increase in
organic wastes.

BOD Measure of organic matier in water. High BOD can be due 1o industlries such as icod processing, paper
production.

Colorimetric tests for nitrogen and Indicates sewage, fertiliser or detergents in waler.

phosphorus content and N:P ratio

555 Coliform bacteria, e.g. K. coff indicate faceal contamination. Algal bloom indicates sewage, Tertiliser or detergents. Protozoans

such as giardia and eryptogporidium indicate contamination, e.p. dead animals.

5.5.6 (a}

L Chemical additive 0 peason for adding chemical 1 o
fron{l11} chioride or aluminium Coagulales fine suspended parlicles so that they will sediment or can
hydroxide and a cationic polymer be more easily filtered. Fe™ also precipitates excessive phosphate.
Sulfuric acid Breaks down organic wastes and aids coagulation.

Lirnewater or other alkali Neutralises acid and restores neutral pH.

Fluoride Hardens footh enamel and helps prevent tooth decay.

Chiorine Farms hypochlorite {CIO7) which bleaches coloured maltter in the
waier and disinfects the water by killing micro-organisms.

(b} Sieving, filtration

5.6.1 The following steps should be included:
. Solid abjects (e.g. organisms, twigs) are removed by a screening device.
. Chemicals, ez, aluminium hydroxide arc added 1o congulate fine particles and aid their removal, This is called
floceulation.
. Sand filters are used fo remove coagulaled solids. A 2 m deep bed of sand is used. The solids are collected when the

sand filters are cleaned and are used as compost,

. Waler lesting is carried ouf Tor ions, colour, pH, hardness, lrbidity, conductivity, micro-organisms. Chemicals are then
added as needed, e.g. sulfuric acid may be needed 1o break down organic matter, then Himewaler is added (o neutralise
the acid.

. Chlorine (to disinfect) and fluoride (for (ceth) are added in reguiated amounts,
5.6.2 As long as catchment areas are controlled so that contamination with sewape, agricultural wastes and industrial efMluent does
not oceur, then the treatment applicd to water supplics should be sufficient to ensure pure, healthy waler,

Monitoring of catchment and (reatment processes is necessary. [ microbial Tevels are oo great extra chlorine can be added, if
organic matter is excessive, acration of the water and longer storage can be done to allow decomposition to oceur. This means
that constant monitoring and adjustment is required for the process to be effective.

Our waler is generally of a high standard, however the methods are not completely effective as on one occasion Sydney’'s
waler contained high levels of the organisms giardia and eryptosporidivm which caused itiness. This could be prevented, and
our purification of water supplies improved, by installing membrane {ilters.
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5.7.1 Austraiia is a very dry continent, suffering regular droughts and hence an unreliable water supply. To conserve water in the
[uture, as population increases, it will be necessary to recyele water, desalinate sea waler or even fo {reat sewage and bring it
back 1o polable water {suitable for drinking). One possible technique is membrane filtration.

572 (a) Membrane filters are made from polymers such as cellulose acetate, PVC and polypropyliene. They are partially
permeable and have extremely liny pares, hence water can pass through, but large organic molecules and micro-
organisms including viruses cannot. If the polymer is in a mat form, it is useful as a pre-treatment and can remove a
large load of sotids. 1f the potymer is made into a thin film, it can act like a sieve, removing particles larger than the
pore size, The size of the pores is controlled.

{b) The polymer sheeis are formed into a cylinder or cartridge by winding or folding the sheets around a central core,
The water is pumped in at one end and flows over the potymer sheets al right angles, Fhe pressure forces the water
threugh the palymer to the core and hence out the other end. Colloidal particles, micro-organisims and even solutes are
removed. The direction of flow over the polymer surface reduces clogging of the pores, but the filters stil] necd regular
cleaning by backflushing.

(c) Filters can be classified according to the size of their pores and hence the size of molecules they will remove,

Microfiltration membranes can remove micro-organisms including virus particles and colloidal particles down to
about 200 nm in diameter.

Uhtrafiltration membranes (UF) remove particies from 100 nm (o 2 min in size. Large organic molecules are therefore
removed. Some UF are coated so that they can also remove some jons, ¢.g. mefal jons.

Nanofiltration membranes {NF) have pore sizes less than 1 nm and hence will remove even smaller molecules, They
can remove molecules with molecular masses down e 300, They can be coated to remove metal ions and hence
reduce hardness as well as removing toxic heavy metals.

5.7.3 Disadvantages - high cost fo purchase and install and need for regular cleaning (applies o all filters),

Advantages — operation is not expensive; heavy metals could be removed and recycled; ensure tiny organisms such as the
escape of giardia and cryprosparidium are kept out of our water supply; could be used to purify catchment waler and also
water from houscholds and industiry to be recycled. This ensures the water supply in droughts,

5.7.4 Various, e.g. Society’s demand for a regular, fresh, sale water supply has put pressure on the authoritics 1o improve the
treatment of waler as well as increasing the volume of water available for use. Increases in population and an uncertain
rainfall have highlighted this need. This has resulied in moncy being made available for scientific research (o develop new
technofogies such as membrane filiration and other techniques needed for recycling and desalination.

As lechnology improves, and products are mass produced, new technologies oflen become more alfordable and thus their use
spreads to more areas and spplications. 1t is often the case that a need in sociely has resulted in new and improved technology.
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