SC13a Transition Metals

e Most metals are transition metals.

* The metals used in the home are typically
transition metals such as copper and iron.

 Most transition metals have high melting and
boiling points and form coloured compounds.

 Transition metals are in the central block of
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SC13a Questions on Transition Metals

Where would you find the transition metals?

Would transition metals have high or low
melting points?
Transition metals form compounds that are

Give a use of a transition metal and suggest
why it has been chosen for this purpose.



SC13b Corrosion

Corrosion ie 8 prooese where gomething is elowly damaged or deetroyed by a chemioal procese. Rueting ie a
type of porrosion. You eee i all over the place but why dose H actually happen? Let'e find out...

Rusting of Iron is a Redox Reaction

1) W iron oomes Info oontact with aiv and water, after a while, i will rugf.
Rueting only happene when the iron's in contact with both oxygan [from the air) and water.
2) Ruet ie a form of hydrated irond i) odde. .
3] Thie equation chowe the formation of rust: _' .;-_-.:,u‘.'.. - 'h:"_ h:'f"'llrl.l;t,

= bt cther metals e be -
ron + oxygen + water — hydrated iron(111) oxide BT L

d4) Rueting of iron & a redox reacfion. Iron loes elsotrone when i reaote with ouygen.,
Each Fe atom |oges heee electrong 4o beoome Fe”*. 80 ron's oxidieed.
SQimulanecuely, oxygen gaing eleotrong when i reaote with iron.
Each O atorn gaine fwo slectrons fo become 0%. Oxygen's reduced.

5) Other mefale can corrode in the precenoe of ooygen
and water fo form their metal oxides.

0il, Grease and Paint Prevent Corrosion

1) You oan prevend corroeion by ooating the metal with a barrier.
Thie keepe out the water, ooygen or both.

2) Pairding ie ideal for large and emall etructures. 1Y can aleo be nioe and colourful.
3) Diling or gregeing hae to be veed when moving parie are involved, like on bike chaines.




SC13b Corrosion - question

A Coat of Tin Will Protect Steel from Corroding

1) is where a coat of tin is applied to the object, e.g. food cans.

2) The tin acts as a . stopping water and oxygen in the air from reaching the of the metal.
3) This only works as long as the
If the tin is

to reveal some of the metal below, it will start to corrode.

More Reactive Melals Can Preveni Metals Corroding
You oan aleo prevend corrosion using the saorifioial method. You place a more reaclive '

. The .
metal with whatever you don't want fo corrode.  The water and ooygen then = k,a.:...:.ﬂ :Ti”i* -
reant with thie "eaorificial’ metal inetead of with the medal you're profecting. = Brotection i -

.
FLrajl o]
PO pdagg

1) Balvanieing ie where a poat of zine ie put onto an iron objeot to prevent rusting,

The zino acte ae eaorifioial profection — H'e more reaotive than iron eo Wl
loge slectrong in preferenee to iron. The zino aleo acle as a barder.

Seel buckets and porrugated iron roofing are often galvaniced.

2] Blookes of metal, e.g. magnesium, can be bolied to lees reactive metals
to prevent corroeion. Magneeium Jpges slegirons in preference fo the

lese reaotive metal. 14's used on ghip bulls, or on underground pipes.
How does painting a metal prevent it from corroding?

Evaluate the suitability of sodium for the sacrificial protection of an
off shore oil rig .



SC13c Electroplating

e Electroplating

e Electroplating is when a thin coat of valuable (or
unreactive) metal is applied to a cheaper (more
reactive) metal.

e Silver and Gold are metals that are commonly used for
electroplating.

Metal added by electroplating Applications

silver cutlery, sports trophies
gold jewellery

chromium wheel rims, jewellery
tin steel food cans

zinc iron nails, steel railings




SC13c Electroplating Questions

e What is electroplating?
e How is electroplating done?

e Suggest two reasons that explain why a gold

medal may consist of silver electroplated with
gold.



SC13d/e Uses of metals and their alloys

Alloys

Many metals are mixed with small amounts of other metals to improve their properties for a particular use and such a mixture of
metals is called an alloy.

Converting pure metals into alloys often increases their strength: In a pure metal structure all the atoms are the same size and

are packed closely together in a regular arrangement. When a force is applied, the layers of atoms slide over each other, making
the metal soft

In an alloy each metal in the mixture has different sized atoms and when force is applied, the atoms can’t slide past each other as
easily so the alloy is harder and stronger.

Structure of Pure metals Structure of Alloys

Remark: It is more difficult to
rearrange the atoms in an
alloy.

Remark: It is easy to rearrange

the atoms in a pure metal.

Examples of alloys:

. Iron: A big problem with iron is that it rusts however, iron can be made into the alloy stainless steel (mixture of iron and small
amounts of chromium and nickel) which doesn’t corrode

. Gold: Pure gold is too soft to be used in jewellery and other metals, e.g copper and silver, are added to make a harder and
stronger alloy. The purity of gold is measured in carats, or as fineness:

*  Pure gold is 24-carat and has a fineness of 1000 parts per thousand
* The lower the carat and fineness, the lower the purity of gold
Shape memory alloys:

Nitinol is an alloy of nickel and titanium and it is a smart material —i.e it has a property that changes with a change in conditions
(usually temperature). Nitinol is a shape memory alloy which means if the shape of something made of nitinol is altered, it returns
to its original shape when heated. Nitinol is used in the repair of a collapsed artery:

* Doctors slide a squashed nitinol tube into the damaged artery.As it warms up in the body, the nitinol returns to
its original size and holds the artery open.

* Spectacles can be made from nitinol and if they get sat on they will reform there shape when f?
heated. /


http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiszaSxsv7LAhUDcRQKHZbaCWsQjRwIBw&url=http://www.slideshare.net/Arrehome/metals-physical-properties&bvm=bv.118817766,d.d24&psig=AFQjCNGUf2tQOZc4ppQRJpyLr1wY7ZYtHg&ust=1460182580461942

SC13d/e Questions on uses of metals and
their alloys

Define an alloy.
Why is an alloy stronger than a pure metal?

What is the advantage of stainless steel over
iron?

What is a shape memory alloy?

Name a Shape memory alloy and give an
example of where it may be used.



SC14a YIELDS

The amount of useful product that is obtained from a chemical reaction is called the yield. In theory one
might expect all the reactants to turn into products — this is the ‘theoretical yield’

The theoretical yield can be calculated from the balanced equation of a reaction and assumes all the
reactants are turned into products.

Calculating the theoretical yield
e.g. 2H, + 0, = 2H,0
1. Calculate the relative formula masses
* 2H,-4 hydrogen atoms: A,of H=12>A of 2H,=2x2 = 4g
* 0,-2oxygenatoms: A of O =16....2A, of 0, = 32g
e 2H,0 -4 hydrogen atoms, 2 oxygen atoms 32 + 4 = 36g
So 36g of water should theoretically be produced when 4g of hydrogen reacts with 32g of oxygen

In practice, however, the ‘actual yield’ obtained is less than the predicted ‘theoretical yield” because
1. reaction may be incomplete —i.e not all reactants are used up

2. some of the product is lost during the practical preparation — e.g when transferring liquids from one container to
another

3. there may be other unwanted reactions taking place — e.g some of the reactants may react in different ways to
make a different product

The percentage yield compares the actual yield to the theoretical yield (i.e it compares the actual amount
of product formed to the predicted amount of product formed calculated from the balanced chemical
equation).

Percentage yield = (actual yield / theoretical yield) x 100

e.g. if in the reaction above the actual yield (i.e the amount of water produced) was in fact 30g > percentage yield
=(30/36) x 100 = 83.3%



SC14a Questions on Yields

What is the theoretical yield?

Give three reasons why you never get 100%
vield?

If you predict that you will make 12g of propane
but only make 4g what is the percentage yield?

A company makes a drug in a very efficient
process which gives 95% vyield. If the theoretical
vield is 20 g what mass is actually made?



SC14b Atom Economy

It'e important in industrial reactione fhat ae much of the resctante ae poseible get tumed info ueeful products.
Thie depende on the slom sconomy and the percentage yield of the reaction.

Atem Economy is the % of Reaclants Changed to Useful Producis

1) A lot of reactions make more than one product. Some of them will be ygeful, but ofhers will just be waste.
2) The atom eoonomy of a reaction telle you what percentage of the mass of the resctants hae been

oonverted inho your deeired product when mamfacturing 8 chemical. Hers's the formula:

Atom Eoonomy = 2181 M; of desired products 0,

total M, of all products

3) 100% stom economy meane that sll the atome in the reaotante have been turned into
useful {desired) produnte. The higher the storn eponomy the ‘greence’ the prooess.

High Atom Economy is Betier for Profiis and the Environment

1) Reactions with low atom eoonomies use up resources very quickly. At the eame fime, they make
lote of wasie materiale that have fo be diepoeed of eomehow. That tende fo make thees

reactione unsustainable — the rew maferiale will run out and the waete hae to go somewhers.

2) For the eame reseons, low stom eoconomy reactions aren't ususlly profitable. Raw materiale oan
be expencive to buy and waete producte oan be expensive fo remove and diepoee of reeponeibly.

3) One way around the problem ie fo find a uze for the waete producte rather than just throwing
them sway. There's often more than one way fo make the produot you want — eo the trick ie to
oome up with a reaction that ghres ueeful "by-producie’ rather than ueeleee onee.




SC14b Atom Economy Questions

e Give two reasons why a high atom economy is
important in industrial reactions.

State was is meant by the atom economy of a
reaction.

Calculate the atom economy for producing
hydrogen in the following reaction CO + H,0 —

CO,+H,



SC14c Concentrations

Conceniration is a Measure of How Crowded Things Are TTITITIIE

1 du
1) The more solute (the eolid you're diseoling) you diesolve in 8 ghven volume, =1lire =
the more crowded the molecules are and the more conoendrated the solulion.

_-'1L'!'_'IEI-:n1*.::
2) Conoendration oan be measeured in grame per dm® — eo 1 gram of stuff R
diesolved in 1 dn of golution hae s concerdration of | gram per dm®

3) Here's the formula for finding ponoentrafion from fhe mass of solute: —
concentrafion = mass of solute + volume of solution JECELE

Mass

4l
v i
[

m 25 g of copper sulfate is dissolved in 500 em’ of water. What's the concentration in g/dm’'?
1} Make sure the values are in the fght wds, The rrass is 1000 e = 1 dm?, 50

already in g but you need to corvert the volume to drnt. 500 emt = (500 + 1000) dm' = 05 dm?
2] Maw just subsiitute the valuss inta the forrmula; concentration = 25 + 0.5 = 30 g/dm’

m What mass of sodium chloride is in 300 om® of solution with a concentration of 12 g/dm™?

1} Rearrange the Farmula 20 that mass & by itself. rmass = concentration ® volume
2] Put the valurne into the Fight units 300 em' = 300 +1000) dm' = 03 dm'’
3) Substitute the values into the rearranged formula, mass =12 = 03 =36 g

4) Conoenfrafione are often given in molee per dm” inetead To comvert from g/dm®

to molfdm®, you juet divide the concentration In g/dm" by the relafive formula mags of the eolute.



SC14c Concentrations Questions

e What mass of sodium hydroxide would you need to
make up 200cm3 of a 55g/dm?3 solution?

e Calculate the concentration in g dm=, of the solute in
these solutions: a) 15g of sodium chloride in 3.0dm3
of a solution. b) 0.25g of sodium hydroxide in 100cm
of solution.

e Calculate the concentration in g dm - of a solution of
nitric acid HNO, with a concentration of 0.4 mol dm



Titrations are Used to Find Ouf Concenirations

SC14d Titrations and Calculations

Tiratione allow you to find out execty how much acld ke
needed o peutralize a given guanfity of alkali (or vioe verea).

Using a pipeHs, measure out a eet volurme of the alkall Info a flaek.
Add a few drope of an indicator — uweuslly phenolphthalein or methyl orangs.

o cant use Ulnkersal indicator — it charaes colour grasdually ard vou want & single colour dharge u--l:}-‘i

Fill a buretie with a standard solulion (8 known concentration) of acid.
Kizg the buretie belorw ape lewd while vou Al it — you dort want to be leabing up if any ecid spills.

Use the burette to add the aoid fo the alkali a bit at & fime. Bwid the flack regulary.

Go elowly (a drop &t a time) when the alkali’z almoet neutralieced.

T work out when this is, do a rough tiration At Daon't woery sbhout reconding the ect end point first time,
just note the apprmdmate amount of acid vou need, then ao showly a5 vou get reer this arount an the nest nan

The indicator changes oolour when sll the alkali hae been neutralized

(thie Ie palled the end poind) — phenolphthalein e pink in slkaliz but colourlees
in aoide, and methyl orange e ysllow in alkalie but red in aoide.

Record the volume of acid ueed to neutralize the alksli (oalled the fitre).

Repeat thie proocess a few fimes, making surs you get very similar results
each fime. You can then take the mean | ) of your recults.

Jr__ Pﬁ_ﬂnﬂJ

Husrette
e T

stapndard

saluation of s,

f ——— The scale

down e de
A ]
vedumre af s
asad

Akl and

y
.h-
"-_ Iy
" indicator,



SC14d Titrationian_d_ Ca[culation_s__q_u_e_s_tion

You Can Calculate the Conceniration Using Your Titration Resulls

1) You eaw on the laet page that conoentration oan be measured in g'dm®. The conoentration
of a solution can aleo be measured In moles per di® — go 1 maole of 8 substance dissolved

in 1 dm of golution hae 8 concentration of 1 mole per dm® (or 1 mol/dm?).
2) The formula for finding gongendrations in mol/dm® ks similar to the one for g/dm®:

concentration = number of moles + volume of solution

2) You oan use the resulie of a tilration experiment to caloulate the conoendration -
of the alkali when you know the conoendration of the soid (or vice versa). ConRCEArakiEn sulume

(malidrey (3

d4) You might aleo need o oomvert a8 conoendration in mol/dm® info g/dm®. To do thie, you
juet muliply the concentration in mol/dm® by the relafive formula maee of the eolufe.

27cm?3 of 0.50mol/dm?3 hydrochloric acid neutralises 15cm?3 of sodium hydroxide
solution. The equation is : HCI + NaOH —— NaCl + H,0 . Find the concentration of the
sodium hydroxide in mol/dm3



SC14e Molar volume of gases

* 1 mole of = 24dm?3 (at room temperature and

a gas

number of moles =

A GAS SYRINGE is used to
collect gases during reactions to
allow molar gas calculations to
be performed

atmospheric pressure)

mass (grams)

relative atomic (or formula) mass

gas syringe

conical flask

reaction mixture

¥ g By | J
s e S Yo’ =



SC14e Molar volume of gases

Using the idea of 'molar volume’ means that we can calculate volumes
ot gases.

For example, how much
hydrogen is needed to obtain copper(ll) oxide
2.54 g of copper by reducing

copper oxide? clamp
i e -
Step 1: Write out the balanced gas ——w T >
symbol equation for the supply M R ——— e
reaction: VN
H, + CuO — Cu + HO heat

Step 2: Work out the number of D Apparatus for reducing copper oxide to copper
moles in 2.54 g of copper:

mass 2.54
moles = - : = = 0.04 moles
relative atomic mass 635

Step 3: Use the balanced symbol equation to work out the number of moles of
hydrogen needed:
To make 1 mole of Cu needs 1 mole of H, so 0.04 moles of H, are needed.

Step 4: Calculate the volume of hydrogen:
1 mole of hydrogen has volume 24 dm? so

0.04 moles = 24 x 0.04 = 0.926dm?
0.96 dm? of hydrogen will be needed to produce 2.54 g of copper.



SC15a Fertilisers and the Haber Process

Fertilisers Help Planis Grow

1) The theee main esgantisl elemente in ferfilieers are nifrogen, phosphorus and pofessium.
Plante abeorb theee nutdents from the eoll.

2} W plante don't get enough of theee elemente, thelr growth and life processes are affected.
3) Fertilicere replaoe these miesing elernents in the eoil, or provide more of them.
Thie helpe fo inorease the prop yield, ae the orope oan grow fagter and bigger.

Ammonia Can be Neufralised with Acids lo Produce Fertilisers

Ammonla ie a8 bage and oan be peufraliged by aclds fo make gmmonium salis.
Ammonla e really important to world food production, because #'e a key ingredient of many fertiliesrs.

1) ou neutraliss nitric acid with ammania you get ammonium nifrate. 1H'e an sepecislly good fertilizer beoause
H Iilme a high percertage of nitrogen, the ammonia and the nitvio acid — kind of a double doee.

2) Ammonium sulfste can aleo be ueed as a ferfiliser. You make i by neutralising eulfurio soid I_I'rnm the
Condaot prooees, with ammonda (formed in the Haber Procese -
3) Ammonium phoephafe ie a ferfilieer made by neutraliging phosphorio sold with smmonia.

4) Potsesium nitrate e aleo a ferfiliser — i pan be made by neutralieing nirio acid with poteesium hydrodde.

A fertilizer faotory will oarry out eeveral infegrated prooesees o make ferfilieers. E.g. I may make

ammonia ueing the Haber propess = phusphurh apld from phoephate rook,
Eulfurio acid (made ueing the Cortact prODBER, ~ 7" irnitrio acid. Theee chemloale are

then ugad fo make ammonium phosphates, ammenlum sulfate and ammenium nitrate.




SC15a Fertilisers and the Haber process

questions

Preparing Ammonium Sulfate in the Lab

You oan make moet ferfilieers ueing thie titrafion method — just choose the right aoid

{nitrio, eulfuric or phoephorio) and alkall (ammonia or pofaesium hydroxide) to get the
ealt you want. You'll need ammaonia and gulfurio sold fo make ammonium eulfste.

* Name three elements that are
important components in fertilisers.

e What is the role of the fertilisers?

e State and explain the type of reaction
involved in making ammonium nitrate.



SC15b Factors affecting equilibrium

Reversible reactions may reach equilibrium this only happens
when they are in a closed system such as a stoppered flask in
which no substances can enter or leave. In a dynamic
equilibrium:

e The forward and backward reactions still happen at the same
rate.

 The concentrations of all reacting substances do not change.

The position of a dynamic equilibrium and how quickly
equilibrium is reached are affected by changes in conditions.

An increase in temperature, an increase in pressure in a reaction
involving gases, an increase in concentration of a reacting
substance or the addition of a catalyst all lead to a decrease in
the time taken to reach equilibrium.




SC15b Factors affecting equilibrium questions

e How does the time taken for a reversible
reaction to reach equilibrium depend on the
reaction conditions?

e How are the reaction conditions chosen for
the industrial processes?



SC16a Chemical Cells and Fuel Cells

The everyday batteries used in mobile phones and torches are chemical
cells. A simple chemical cell has these components:

» two different metals, each dipped into a solution of one of their salts

= a'salt bridge’ to allow dissolved ions to pass from one solution to the other.

A voltage (potential difference) is produced between the two metals. In general,
the further apart in the reactivity series the two metals are, the greater the
voltage. A current flows if the cell is connected to an external circuit. Photo B
shows a simple chemical cell, invented in 1836 by John Daniell {(1750-1845). The
salt bridge is hiter paper soaked with concentrated potassium nitrate solution.

___-copper

ZING __

zinc sulfate —_
solution

copper sulfate —
solution



SC16a Chemical Cells and Fuel Cells Questions

Fuel Cells Use Fuel and Oxygen to Produce Electrical Energy

1) A fusl cell ie an eleotrioal oell that's supplied with a fusl and oxygen and uees
engegy from the reaction between them fo produce slecirioal energy afficiently.

?) Chemioal oelle produce a potential difference soroee the oell, unfil all the reactante have been ueed up.
3) There are a few different types of fuel celle, ueing different fuele and different &l sotrolyies.

d) For example, the hydrogen-oxygen fuel ell oombinee hydrogen and oxygen to releass heat
energy and nioe olean water. That means there are no nasty pollutante to worry about.

Give one advantage and one disadvantage of using fuel
cells for energy.

How are chemical reactions used to produce electricity?
Some fuel cells use ethanol C,H.OH. When in use all the
carbon atoms are converted to carbon dioxide. Write a

balanced equation for the overall reaction in an ethanol
oxygen fuel cell.



SC22a/b Alkanes and Alkenes

Alkanes are Saturated Hydrocarbons |

1) A homologous series ie 8 group of chemioals that have eimilar chemicsl etructures.

2) Alkanes are 8 homologoue eerdes of hydrocarbong — they contain just parbon and hydrogen atoms.
3) Different alkanes have ohaine of different engthe. Theee are the firet four alkanee:

Mlethane, CH, Ethane, CH, Propane, CH Butare, M, (== Each straight fine
H H H HHH HHHH shires a covalent
HEH HECH HetcH Wetoephy e
H H H HHH HHHH
d) The diagrams above show that all the atome have formed bonde with S RN IR I AT
ae many other atome as they can — thie means they're gaturated. - rrzlbr”;ﬂfi“::':"h“ o make —
5) Alkanes all have the general formula CH, ... 9o i an alkane has S atums can orly make ore.

5 carbone, #'e got fo have (2 ¥ 5) + 2 = 12 hydrogene. SRR LN YRR TR b

B) Alkanes {and other hydrocarbone) fake part in combustion reactions.
During & oomplete combustion reaction, they bum in oxygen to form carbon dioxide and water.

al CH + 30, - 200, + 3H,0 CH,+ 2%0, — 2c0 + 3H,0
ethane + moygen — oarbon dioxdde + water | | ethane + oxygen — oarbon monoxdde + water

7) Immmpl&#ammbun-lhnhnppannhallmﬂudaupp[gu{nwn_# O

- These two combustion Feactions can
happen at the same tire, giing a

misture o combustion producks
ELI RN A RN AN R AT TR NS N R

During incomplete oombuetion, carbon monoxide ie produced. -
Carbon, in the form of eoof, can aleo be ghven out.



SC22a/b Alkanes and Alkenes question

Alkenes Have a C=C Double Bond

1) Alkenee are 8 homologoue eeriee of hydrocarbone with at least one carbon-parbon double bond.

2) They are known ae unesturaied becsues they pan make more bonde — the double bond
oan open up, allowing the two carbon atome fo bond with other atome.

3) The firet four slkenes are sthens, propene, butens and perdene (eee below).
4) Alkenes have the general formula C H, — they have fwice s many hydrogens s oarbone.

Ethere, T H, Propene, T H, Butene, T H, Perkene, " H_
IR O
o-¢ H-b-n-njH H-C-c-C-C i HECCCECH
H A H i Who HhH
= dhowtile bord Ik langer chains, the double beed can _-:i-.'TaI: thie end of the chain or in the midde
5] You oan feet for an alkene ueing bromine water. When added fo bromine water, an - ™
alkene will decolouries the bromine water, turning # from orange fo oolouress.
Thie e beoauss the doubls bond can open up anr:l I:urm bonde with the bromine. u - l'ﬁ'?lE B
E . e
Exsmple: H Eltr Ellr = rl':rlrk::rm::ir :: T erange bromie y
= " - N
I-LE ' + Br * H-C-C-H - ":T’-ﬂ*" unuLI luu::L.aI * - i+ alkene S solation S
H ‘H * ||.| |I.| o ! TRl gy gois cobourless
coloudess colourdess BT J..-H H II_I
B8) Alkenes pan aleo be reaoted with hydrogen in a prooees C=C + H,—» H_'I::_{: —H
palled hydrogensation. The hydrogen reaote with the H;’ AT .
double-bonded oarbone and adds acroes the double bond. 8- HH

Explain the difference between a saturated and an unsaturated
hydrocarbon.



SC23a Ethanol Production

Alcoholic drinks have been made for thousands of
years. These drinks contain a chemical substance called

ethanol {(although people often call it ‘alcohaol’). Its
formula is C,H,OH. Ethanol can also be used as a fuel for

vehicles and as a raw material for the chemical industry.

The ethanol in alcoholic drinks is made from sugars. Sugars are small,
soluble substances that belong to a group called carbohydrates
{compounds made of carbon, hydrogen and oxygen). Many fruits (such as
grapes) contain a lot of sugars.

Plant material containing sugars is mixed with water and yeast. Enzymes

in the yeast turn the sugars into ethanol and carbon dioxide, in a process
called fermentation:

glucose — ethanol + carbon dioxide



SC23a Ethanol Production question

The fermentation process only produces alcohol concentrations up to 15%,
as higher concentrations kill the yeast cells. More concentrated solutions of
ethanol are formed by fractional distillation, as shown in photo D. This works
because the boiling point of ethanol (78°C) is lower than the boiling point of
water (100°C). The heated liquids evaporate and their vapours cool as they
rise up the fractionating column, As the ethanol has a lower boiling point, it
remains as a gas for longer, and separates from the water. As a result, the first
fraction, or distillate, that is collected contains a higher percentage of ethanol.

fractionating
column — helps -~
se by

Explain how fractional distillation can be used to increase the

concentration of an alcohol solution. Include the following words
inyour explanation:

boiling point; concentrated; condense; dilute; ethanal;
evaporate; heated; water

D fractional distillation of an ethanol solution



SC23b Alcohols

Alcohals Have an '-0OH’ Functional Group and End in "-ol’
1) The general formula of an aloohol ie CH, , OH. 8o an aloohol with 2 parbone hae the formula CH_ OH.

2) All alochole oontain an -OH functional group. Heree are the firet four alochols in the hl:rmuhil_nuu serieE:
Phimainnaenggg
Butancl, C,H OH A fanctioral AV 2 group -

flethanal CH.OH Ethanal, "H .OH Praganal, T HCOH é of aterrs that detemine -
H 1-I H H H H 1-I HH H = howamelicule reacls. -
H-e-0H HCCOH HGCCCOH H GG CCOH onmbes of a homelogous -
= semes sl contain -

H -|I_| H H H i-l '|I'| H H |I'| :un'hﬁﬂajg.ruupl';;,::;::-hz

- all romtain -OH s -

ukz s conkin Ceiz)

i Frbirrnetni TR TR T

3) The baeio naming system is the eame as for alkanee
— but replaoe the final '-g' with "-ol'.
4) Don't write CH O ingtead of CH OH — It doeen’t show the functionsl -OH group.

L
5) It ie poesible to get aloohole where the -OH group ke attached to differend carbon atome in the carbon chain,
or aloohole with more than one -0OH group

oxygen atom

ethane athanol
C.H, C,H.OH



SC23b Alcohols Questions

Describe the difference in molecular structure
oetween propanol and butanol.

Hexanol has 6 carbon atoms. How many
nydrogen atoms does hexanol have?

Pentanol is an alcohol with 5 carbon atoms. A)
state its molecular formula. B) draw a
structural formula for pentanol and circle the
functional group.



SC23c Carboxylic Acids

Alcohals Can Be Oxidised o Form Carboxylic Acids

1) When something's . It galne cxygan.
2) Aloohole oan be oxidised to form

. YWou nead an

oddiging agent, euch as . for thie.
T Example: Ethanol + potassiurm manganate(V1l).
APV IA L ’
: .ﬁ...;rhd £an .,nr:{*m - U H H
- i acids in this way = ; : o =
- E:J{I.:Iglil ?:rrnuF stmbed —| B0 ¢ O-H Lt EL g b -
= o & carpon thats only - 1'_| i “O-H ! -
- atuched toone a8 < 8 thaneic scid
Y IR EANARALIRARY ana fI0IC &L s
il I -~
3) The baeio syefern for carboxylio scide ke the same as for
alkanez — but replaoce the final *-=" with '- "
4

C_H, COOH and they have a

5] Here are the in the homologous series.
They oan each be formed by oddising fhe alochol which condaine

the same (Le. methanol & oxidised to
methanoio acid, ethanol iz oxidieed fo sthanoio acid, and o on).

Methanoic add, HODO Ethanoic acdd, CTH.CDOH

Carboxylio acide are another homologous series of moleoules. They have the

Propanaic acid, C H COO0OH
0 H o HH o
'1 H-C-C H F M n
0 H L OH by OH

B IF ppprprpEgsainii

Fvly
= This reaction’s sccompanied =

by & colour change — the ~

resctian snidbase [ELE s froen -

pur'p-le o oo m-r'lm:.

-

.'||.'I|I dinpipy TR

.-'::-I':-

Butanoic aod, CH COOH

(4]

H c

“0-H

-~ -
= =l o= ==}
-l =l



SC23c Carboxylic Acids questions

 What substance produces the sharp taste of
vinegar?

e Describe the loss and gain of atoms when an
ethanol molecule is oxidised.

* The fifth carboxylic is called pentanoic acid.
Draw its structural formula and circle its
functional group.



SC24a & b Additional Polymerisation

Polymers are substances made up of thousands of simple repeating units. Monomers are substances whose
molecules react together to form polymers. This process is called polymerisation.

e.g. poly(ethene) (a polymer) is made from lots of ethene monomers. The number of ethene molecules that
join together to make one molecule of poly(ethene) is very large (thousands/millions). n is used to indicate a
large number (i.e ‘n’ lots of ethene molecules join to form a polymer made up of ‘n’ number of ethene

repeating units). *Note polymers lose the C=C double bond* ’ " H B
N/ | |
n C=C : %?_ C

/N, b Hden

H

Some polymers are natural e.g cellulose (found in plant cell walls) and other polymers are manufactured e.g
plastics.

Properties and uses of (manufactured) polymers
Poly(ethene) : made from ethene monomers.
e Properties: Flexible, cheap, good insulator
e Uses: carrier bags, plastic bottles, insulation for electrical wires, cling film
*  Poly(propene) — made from propene monomers:
* Properties: flexible, shatterproof, strong, long lasting, high softening point
e Uses: plastic bags, buckets, ropes, washing up bowls, carpets
e  Poly(chloroethene) — PVC made from chloroethene monomers:
e Properties: tough, cheap, long-lasting, good insulator
e Uses: window frames, gutters, pipes, insulation for electrical wires
e  Poly(tetrafluoroethene) — PTFE or Teflon......made from tetrafluoroethene monomers:
* Properties: tough, slippery, resistant to corrosion, good insulator

e Uses: non-stick coatings for saucepans.


http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiGh4u0l4HMAhWHVRoKHT6EDrkQjRwIBw&url=http://www.alevelhelp.com/2011/12/polymerisation/&psig=AFQjCNGc_naA8JSlFTVcYEv9jWeWjigNsg&ust=1460278430258688

SC24a/b Questions on Additional
Polymerisation

Define polymerisation.
What do mono, poly and mer mean?
What is polyethene made from?

What does the ‘n’ indicate in a polymerisation
equation?

Why is the polymer still called polyethene if it no
longer has a double bond?

Give an example of a naturally occurring polymer.

Give a use of polyethene, polypropene, pvc and PTFE
and explaine the properties of each polymer that make
it suitable for each use.




SC24c Condensation Polymerisation

Polymers can be Made by Condensation Polymerisation

1) Condenestion polymerisafion usually involves two different fypes of monomer.
2) The monomers react fogether and bonde form between them, making polymer chaine.
3) Each monomer hae fo cordain af leaet fwo funofional groupe, one on sach end of the moleouls.

d) Each functional group can react with the funofional group of another monomer, oreating long chaine
of alternating monomers. For each new bond that forme, a emall molecules (e.g. water) i lost.

Polyesiers and Polyamides are Condensation Polymers SITITTRITTeT

= T|I-E _5'l||'.l|,1-:5

1) PBolyssiers form when garboxylio sold monomers and sloohol monomers react together. = represent the reg -

= rrl' u{h_-ngln.qh .J
H H 0 0 H H 'Y
0 0 I I I t I
t:-l:: + nHo—c B C—oy — | CcCHElC 0 C C O] + ZnH,0

-

n
-
e “oH H H H Ho'n
Ciicarbmoylic acid monomer Dol monomes Fobkaester "ulaker
2) Polyamidee are made from oarboeylic aoid and amine monomers. : ,a:,.,,,,;,_; L,,',Il;m' :u'lﬂl- ;:UUF:_E _
0, , H H 0 0 H W
n CHE-C  +nNEEEN — Cmmmc— N h‘) + 2nH,0
HO “OH n
H H
Ciicarbmolic acid monomrsr Camine manamer Falyarmids Water




SC24c Condensation Polymerisation
Questions

 What is meant by condensation
polymerisation?

 What two types of monomers react together
to form polyesters?

e Name three biologically important
condensation polymers.



SC24d PROBLEMS WITH POLYMERS

Materials such as wood and paper are biodegradable which means they will naturally breakdown or rot
because microbes can feed on them. Most manufactured polymers have many uses because they are
not biodegradable so last for a long time. When thrown away in landfill sites, these polymers stay there
for a long time. When burned (‘incinerated’), they release energy that can be used to generate
electricity, however most also produce toxic products

Overcoming problems associated with disposal of polymers

1. Developing biodegradable polymers
e Biodegradable polymers would rot after only a few years if they ended up in a landfill site however, this is
still quite a long time and best option is to reduce the amount of plastic sent to landfill sites in the first
place.

2. Reusing and recycling materials

* One way to reduce the amount of plastic sent to landfill sites is by reusing materials e.g reusing plastic bags
rather than throwing them away after just a single use

e Ifanitem can’t be reused anymore then the material it is made from can be recycled (i.e. processed and
used to make new objects). Paper, glass and metal waste is already recycled in the UK. Polymers are more
difficult to recycle because the waste needs to be sorted into different types of polymer before each type
can be made into new objects.



SC24d Questions on Problems with Polymers

Define biodegradable.

Manufactured polymers are not
biodegradable. Give two problems associated
with trying to dispose of these polymers.

Describe two ways that we can overcome the
problems caused by disposing of polymers.

Why is recycling polymers more time
consuming than recycling paper, glass and
metal?



SC25a Flame Tests and Photometry

You Can Use Flame Tesis to Identify Metal Ions

Compounds of eome metale produce a characterietio oolour when heated in a flame.
1) You can feet for varioue medal ione by putting your substanoe RN NI INTIREIIII T

in & flame and eeeing what colour the flame goes. : H"'"'ﬁfﬂ' — metak
. -'.-!_:.'5 ] F-c-:m.,-,.- ns

*  Lithium, Li*, givee a orimeon red flame. ,/L;Jh TRy
. . Na*, givee a ysllow flame. r [ :

* Potaeeium, K*, givee a lilao flame. "'.- | = F

*  Caloium, C&*, gives a briok red flame. L H

*  Copper, Cu®*, givee a blue-grean flame. '

2) To carry out a flame test in the lab, firet plean a niohrome wire loop by ST
dipping it info hydroohloric acid and then ringing it in delonized water. _:"'“'r-’c-u‘*--.--.-.mmrhr_r.-u.ﬂ,.f :

3) Then dip the wire loop info & sample of the metal compound and put - ﬂg,,':iﬂuli himmlj_';i:ir“ ]l:lrpf_l =
the loop in the clear blue part of a Buneen flame (the hotieet bit). = & corfuging misture of rﬁ:;j 5

Reoord what polour the flame goes. T AT O g s

Flame photometry
Machines can also be used to analyse substances. Compared to
simple lab tests such as flame tests, using scientific instruments may
improve sensitivity, accuracy or speed .




SC25a Flame Tests and Photometry Questions

Wooden splints may be used instead of a wire
loop. Suggest two reasons that explain why
the splints are soaked in distilled water before
use.

Explain potassium chloride and potassium
iodide both produce lilac flame test colours.

In a flame test if a compound gives a brick red
flame, what would this tell you?

What are the advantages of using a flame
photometer over basic flame tests?



SC25b Test for positive ions.

Some Meial lons Form a Coloured Precipitate with Sodium Hydroxide

Thiz ie aleo a test for medal ione, but W' elightly more complioated:
1) Many metal hydroxides are Ineoluble and precipitate out of eolulion
when formed. Bome of theee hydroxides have a charaoterdefio colowr,
2) For thie teet, you add a few drope of eodium_hydroxide echution
o a eolution of your mystery oompound.
3) W a hydroxide precipiate forme, you oan use He
polour to tell which metal lon wae in the compound.

Metal lon Colour of precipitate
Caloium, Ca** | White Ca™ , + 200, — Ca(OH),,
Copper, Cu®* Elue Cu™ , + 200, — Cu(OH],,
Iron(ll), Fe* Breen ' Fatt | + 20H  — Fe(OH),,
Iron(lll), Fe®* Brown | Fe , + BOH, — Fe{OH],

White at firet, but fhen ' Zn®* .+ 20H . — Zn|OH
Zino, Zn** rediseohves In exoceee NaOH fo bl b= }q"' =
form a oolourless solution. | Then: Zn{OH),  + 20H_ — Zn{OH), )




SC25b Test for positive ions questions

e A student adds a few drops of sodium
hydroxide solution to another solution. A
green precipitate forms. What does this tell
you about the solution?

* For the reaction between sodium hydroxide
solution and iron (ii) chloride solution write
the word equation and the balanced equation,
including state symbols.



SC25c Tests for Negative lons

Test for Carbonates Using Hydrochloric Acid |

1)

2)
3)

4)
Sl

To teet for garbonate long In eclution, firet add some barum chlordes solution.
i there are carbonate lone preeent, this will produce a white precipitats of barium carbonats.
Then you add eome dilute hydroohloro aoid.

i there are carbonate ione preeent, the mixhure will fizz — this ie becaues
the parbonate will react with the aoid to produoe parbon dioxide gas:

barium carbonate + aoid —  barium ione + ocarbon dioxide + water

Eﬂﬂ“.... + EI-I-Q_1I — BaF*H + i::lilw| + quu;

W you collect the gae and pase H through limewsater, the limewater should fum oloudy
Onoa all of the harium oarbonate hae reacted, you'll end up with a polourless solulion condaining Ba® lone.

Test for Sulfaie Jons Using Barium Chloride Solution

)
2)

4)

The feet for sulfafs ione in eolution ie eimilar 4o the feel for carbonate ionse.
Firet you add eome barium chloride eolufion.
i there are sulfate ione in the eolution, 8 white precipifate, of barium eulfate will form:

barium ione + sulfate lone — barium sulfate
HH“‘P* + ‘li-lhl —  Ba80,
Then you add eome dilute hydrochloro acid fo the test sample.

Barium sulfate will not react with dilute hydrochlorio aoid, so the white precipitate will not diesclve.
(That'e how you know you've got sulfate ione and not oarbonate one. )




SC25c Tests for Negative lons Questions

L} " n n n Higfi! INEEEE RN 1K |I'-||II|_._
Test for Halide Ions Using Silver Nitrate Solution = 1y, pivic add & sdded Sest to ges sid of
ary carbonate ions — they praduce & pale

To teet for phloride ione (C1), bromide ione LE' ) =, precipitate with siver nitrate too, which would -
or lodide lane (1-). add some diute nilrio scid (HNO,), ~E===="=""""0 1y " b Vau cart e bydhochiri
followed by a few drope of silver nitvate solution (AgNO, ).

<= acid, because you'd be adding chloride joree =
A chloride gives s 7.1 1] preciphets of llver chiorids.

-

e VAN NN R R @I RNRd LI O I )

Age,, + CF, —= Agll,, h;ffﬂq

A bromide givee a [ precipitate of siver bromide.
A"y + By — AgBr =

An lodide ghvee a [Tt precipitate of sihver lodide. i oroamm yellow
AE_'HJ + I_w . AEIM precipiate preciptate precipitate

of Agcd of AgBr of Agl
Describe how you would test a solution to see if it contained sulphate ions.

Some dilute nitric acid is added to a solution, followed by some silver nitrate solution. A
cream precipitate forms, what does this tell you about the solution?

Silver carbonate is an insoluble yellow solid. Suggest an explanation for why dilute acid
must first be added when testing solutions for halide ions using silver nitrate solution.



SC26a Choosing Materials

Polymers are really adaptable — for example, they're often flexible, so they can be bent without breaking,
and can be easily moulded into almost any shape. They're often cheaper than most other materials, and they
also tend to be less dense than most metals or ceramics, so they're often used when designing products

that need to have a low mass. They're also thermal and electrical insulators. But, polymers can degrade and
break down over time, so polymer products don't always last as long as those made from other materials.

Ceramics, like polymers, are insulators of heat and eleciricity. They're much more brittle and stiff than
most other materials, but they're also strong and hard wearing. They don't degrade or corrode like other
materials can, so they last a lot longer — that's why we still use glass in windows instead of clear plastic.

Metals are good conductors of heat and electricity — which can be an advantage or a disadvantage,
depending on what the material is needed for. They're malleable, so like polymers they can be
formed into a variety of shapes. Some metals corrode easily, but products made from corrosion
resistant metals can last for a very long time. Metals are usually less brittle than either ceramics or
polymers, so they're likely to deform but stay in one piece where other materials may shatter.



SC26a Choosing Materials Questions

State the typical physical properties of ceramic
materials.

Describe two properties of glazed clay
ceramics that make them suitable for toilet
bowls.

Describe two properties of glass that make it
suitable for shower screens.

Describe two properties of PVC that make it
suitable for toilet seats.




SC26b Composite Materials

Composites are Made of Different Materials

Composites are made of one material (the reinforcement) embedded in another
(the matrix/binder). The properties of a composite depend on the
propetties of the materials it is made from. For example:

1) Fibreglass consists of fibres of glass embedded in a matrix made of a polymer.
It has a low density (like the polymer matrix) but is very strong (like glass).\\& .=
These properties mean fibreglass is used for things like gkis and boats.

2) Concrete is made from aggregate (a mixture of sand and gravel) embedded in -
cement. I has a high compressive strength (it doesn't break if it's squashed). | - \\ ’
This makes it ideal for use as a building material, e.g. in skate parks. glass fibres

3) KEVLAR®-bagsed composites are made from KEVLAR® (a man-made polymer that's really strong) embedded
in another material. KEVLAR® is often used as an ingredient in composite materials, as it adds a lot of
strength without adding much weight. It's used in cycling helmets, tennis racquets and ropes.

4) Recently, carbon fibre composites have been made using carbon atoms bonded together to
make carbon fibres or carbon nanotubes held together in a polymer resin matrix.

These polymers are expensive to make but are very strong and light making them ideal
for use in aerospace and sports car manufacturing.




SC26b Composite Materials Questions

e Explain the meaning of the term ‘composite
material’.

 What are the advantages of building a road
bridge from steel reinforced concrete rather
than from steel or concrete alone ?

e Name the reinforcement and matrix in a
carbon fibre reinforced polymer.



SC26¢ Nanoparticles

Nanoparticles Are Really Really Really Really Tiny ‘

1) Really tiny particles, 1-100 nanometers across, are called 'nanoparticles' (1 nrm = 0.000 000 001 m).
Nanoparticles contain roughly a few hundred atoms — so they're bigger than atoms and simple molecules,
but smaller than pretty much anything else.

2) Fullerenes are nanoparticles.

Nanoparticles Have a High Surface Area to Volume Ratio

surface area to volume ratio = surface area +~ volume

1) As particles decrease in size, the size of their surface area increases
in relation to their volume — so their surface area to volume ratio increases.

2) Nanoparticles have a really high surface area to volume ratio.

8) This gives them different properties from larger particles, because a much greater proportion
of their atoms are available to interact with substances they come into contact with.

The Effects of Nanoparticles on Health Aren’t Fully Understood

1) Although nanoparticles are useful, the way they affect the body isn't fully understood,
so it's important that any new nanoparticle products are tested thoroughly to minimise the risks.

2) Some people are worried that products containing nanoparticles have been made available before
any possible harmful effects on human health have been investigated properly —
in other words, we don't know what the gide effects or long-term impacts on health could be.



SC26¢ Nanoparticles Questions

Nanoparticles Can Modify the Properties of Materials

Using nanoparticles is known as nanoscience. Many new uses of nanoparticles are being developed:

They have a huge surface area to volume ratio (see above), so they can make good catalysts

New cosmetics, e.g. sun creams and deodorants, have been made using nanoparticles.
The small particles do their job but don't leave white marks on the skin.

Nanomedicine is a hot topic. The idea is that tiny fullerenes are absorbed more easily by the body than

most particles. This means they could deliver drugs right into the cells where they're needed.

New lubricant coatings are being developed using fullerenes. These coatings reduce friction a bit
like really tiny ball bearings and could be used in all sorts of places from artificial joints to gears.

Nanotubes conduct electricity, so they can be used in tiny electric circuits for computer chips.

Nanoparticles are added to plastics in sports equipment, e.g. tennis rackets, golf clubs and golf balls.
They make the plastic much stronger and more durable, without adding much mass (hardly any in fact).

Silver nanoparticles are added to the polymer fibres used to make surgical masks

and wound dresgings. This gives the fibres antibacterial properties.

Give three examples of uses of nanoparticles.

Some socks are treated with anti bacterial silver particles, stopping the socks from
becoming smelly. Describe a possible environmental hazard caused by these
nanoparticles.
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