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University	Press	2017	Introduction	This	book	has	been	written	to	help	you	obtain	the	knowledge	and	skills	required	for	your	Cambridge	IGCSE®	Combined	Science	0653	or	Cambridge	IGCSE®	Co-ordinated	Sciences	(Double	Award)	0654	course.	We	hope	that	you	enjoy	using	it.	All	the	Biology	topics	come	first,	then	Chemistry	and	then	Physics.
However,	you	almost	certainly	won’t	follow	this	sequence	in	your	lessons.	You	will	probably	find	that	you	study	Biology,	Chemistry	and	Physics	alongside	each	other,	so	you	will	use	different	parts	of	the	book	in	different	lessons.	Core	and	Supplement	Your	teacher	will	tell	you	whether	you	are	studying:	•	Cambridge	IGCSE	Combined	Science	0653	or
Cambridge	IGCSE	Co-ordinated	Sciences	(Double	Award)	0654	•	only	the	Core	part	of	the	syllabus,	or	the	Supplement	as	well.	Cambridge	IGCSE	Combined	Science	0653	is	a	single	award	syllabus.	This	means	that	your	final	papers	are	the	equivalent	of	one	IGCSE	subject.	Cambridge	IGCSE	Co-ordinated	Sciences	0654	is	a	double	award	syllabus.	In
this	case,	your	final	papers	are	the	equivalent	of	two	IGCSE	subjects.	If	you	study	the	Core	only,	you	will	be	entered	for	Papers	1	(Multiple	Choice	(Core))	and	3	(Theory	(Core))	and	either	Paper	5	(Practical	Test)	or	6	(Alternative	to	Practical).	If	you	also	study	the	Supplement,	you	may	be	entered	for	Papers	2	(Multiple	Choice	(Extended))	and	4
(Theory	(Extended)),	and	either	Paper	5	(Practical	Test)	or	6	(Alternative	to	Practical).	There	are	sidebars	in	the	margins	of	the	coursebook	to	show	which	material	relates	to	each	syllabus	and	paper.	If	there	is	no	sidebar,	it	means	that	everyone	will	study	this	material.	Use	this	table	to	ensure	that	you	study	the	right	material	for	your	syllabus	and
paper:	Cambridge	IGCSE	Combined	Science	(0653)	Cambridge	IGCSE	Co-ordinated	Sciences	(0654)	Core	Supplement	Core	Supplement	You	will	study	the	material:	You	will	study	the	material:	You	will	study	the	material:	Without	a	sidebar	Without	a	sidebar	Without	a	sidebar	You	will	study	everything.	This	includes	the	material:	With	a	double	blue
sidebar	With	a	single	blue	sidebar	With	a	double	black	sidebar	With	a	double	blue	sidebar	Without	a	sidebar	With	a	single	blue	sidebar	With	a	double	blue	sidebar	With	a	single	black	sidebar	With	a	double	black	sidebar	Original	material	©	Cambridge	University	Press	2017	ix	Cambridge	IGCSE	Combined	and	Co-ordinated	Sciences	Questions	Each
chapter	has	several	sets	of	questions	within	it.	Most	of	these	require	quite	short	answers	and	simply	test	if	you	have	understood	what	you	have	just	read	or	what	you	have	just	been	taught.	At	the	end	of	each	chapter,	there	are	some	longer	questions	testing	a	range	of	material	from	the	chapter.	Some	of	these	are	past	questions	from	Cambridge	exam
papers,	or	similar	in	style	to	Cambridge	questions.	We	would	like	to	thank	Cambridge	International	Examinations	for	permission	to	reproduce	exam	questions.	Activities	Each	chapter	contains	activities.	These	will	help	you	to	develop	the	practical	skills	you	will	need	in	your	course.	There	are	further	activities	on	the	CD-ROM.	These	are	marked	with
this	symbol:	There	are	two	possible	papers	aimed	at	testing	your	practical	skills,	called	Paper	5	and	Paper	6	(Practical	Test	and	Alternative	to	Practical,	respectively).	Your	teacher	will	tell	you	which	of	these	you	will	be	entered	for.	You	should	try	to	do	the	activities	in	this	coursebook	no	matter	which	of	these	papers	you	are	entered	for.	Summary	At
the	end	of	each	chapter,	there	is	a	short	list	of	the	main	points	covered	in	the	chapter.	Remember,	though,	that	these	are	only	very	short	summaries	and	you	will	need	to	know	more	detail	than	this	for	your	course.	x	CD-ROM	There	is	a	CD-ROM	in	the	back	of	the	book.	You	can	use	the	revision	checklists	on	the	CD-ROM	to	check	off	how	far	you	have
got	with	learning	and	understanding	each	idea.	The	CD-ROM	also	contains	a	set	of	interactive	multiple-choice	questions	which	test	whether	you	know	and	understand	the	material	from	each	chapter.	You	will	find	some	self-assessment	checklists	on	the	CD-ROM	too,	which	you	can	print	off	and	use	to	assess	yourself	each	time	you	observe	and	draw	a
specimen,	construct	a	results	chart,	draw	a	graph	from	a	set	of	results	or	plan	an	experiment.	These	are	all	very	important	skills,	and	by	using	these	checklists	you	should	be	able	to	improve	your	performance	until	you	can	do	them	almost	perfectly	every	time.	There	are	some	suggestions	on	the	CD-ROM	about	how	you	can	do	well	in	your	course	by
studying	and	revising	carefully.	Workbooks	There	are	three	workbooks	to	go	with	this	coursebook	–	one	for	each	science.	If	you	have	the	workbooks,	you	will	find	them	really	helpful	in	developing	your	skills,	such	as	handling	information	and	solving	problems,	as	well	as	some	of	the	practical	skills.	Original	material	©	Cambridge	University	Press	2017
Probably	the	most	generally	used	tests	for	purity	are	measurements	of	melting	point	or	boiling	point.	As	we	saw	earlier,	impurities	would	lower	the	melting	point	or	raise	the	boiling	point	of	the	substance.	They	would	also	make	these	temperatures	less	precise.	These	temperatures	have	been	measured	for	a	very	wide	range	of	substances.	The	identity
of	an	unknown	substance	can	be	found	by	checking	against	these	measured	values	for	known	pure	substances.	This	chapter	covers	How	to	use	this	book	The	concentration	of	a	solution	is	the	mass	of	solute	dissolved	in	a	particular	volume	of	solvent,	usually	1	dm3.	If	we	keep	adding	more	solid,	a	point	is	reached	when	no	more	will	dissolve	at	that
temperature.	This	is	a	saturated	solution.	To	get	more	solid	to	dissolve,	the	temperature	must	be	increased.	The	concentration	of	solute	in	a	saturated	C4:	Chemical	reactions	solution	is	the	solubility	of	the	solute	at	that	temperature.	The	solubility	of	most	solids	increases	with	temperature.	The	sections	set	out	the	key	topics	within	each	unit,	and	help
The	process	of	purification	is	of	crucial	importance	in	with	navigation	through	the	chapter.	process	of	crystallisation	depends	on	these	observations.	many	areas	of	the	chemical	industry.	Medicinal	drugs	When	a	saturated	solution	is	cooled,	it	can	hold	less	solute	a	b	H	(pharmaceuticals)	must	be	of	the	highest	possible	purity.	Any	H	at	the	lower
temperature,	and	some	solute	crystallises	out.	contaminating	substances,	even	in	very	small	amounts,	may	H	H	have	harmful	side	effects.	Coloured	dyes	(food	colourings)	are	O	of	gases	in	liquids	The	solubility	H	O	O	H	added	to	food	and	drinks	to	improve	their	appearance.	The	Unlike	most	solids,	gases	become	less	soluble	in	water	O	colourings
added	need	to	be	carefully	controlled.	In	Europe	H	H	as	the	temperature	rises.	The	solubility	of	gases	from	the	the	permitted	colourings	are	listed	as	E100	to	E180.	Many	dyes	air	in	water	is	+quite	of	dissolved	hydrogen	oxygensmall,	but	the	amount	water	that	were	once	added	are	now	banned.	Even	those	which	2H2	+	O2	to	support	fish	and	other
2Haquatic	oxygen	is	enough	life.	2O	are	permittedThis	may	still	cause	problems	for	some	people.	chapter	covers:	Interestingly,	oxygen	is	more	soluble	in	water	than	nitrogen	The	yellow	colouring	tartrazine	(E102)	is	found	in	many	drinks,	Figure	C4.03	Summary	of	the	reaction	between	hydrogen	is.	So	when	is	dissolved	water,	the	proportions	of	the
■a	A	the	human	nervous	system	■	theair	hormones	insulininand	glucagon	Image	C4.04	balloon	filled	with	hydrogen	oxygen	sauces,	sweets	and	snacks.	To	most	people	it	isand	harmless,	but	and	oxygen.	two	gases	become	61%	nitrogen	and	37%	oxygen.	This	is	■	neurones	and	how	they	work	■	how	humans	maintain	a	constant	internal	b	issome
ignited	spectacularly.	in	children	it	appears	to	cause	hyperactivity	and	allergic	an	enrichment	in	life-supporting	oxygen	compared	to	air	body	temperature	the	difference	between	voluntary	andisinvoluntary	reactions,	for■example	asthma.	Even	where	there	overall	actions	product	side	of	the21%	equation:	four	hydrogen	atoms	and	(78%	nitrogen	and
oxygen).	■	how	plants	respond	to	stimuli	■	reflex	actions	No	matter	how	spectacular	the	reaction,	statement	is	government	regulation,	individuals	need	tothis	be	aware	of	how	two	oxygen	atoms	on	each	side	(Figure	C4.03).	■	the	role	of	auxin	in	shoot	growth.	the	structure	and	function	of	the	always	true	–■	though	itthem.	is	easier	to	collect	alleye
the	products	The	solubility	of	gases	increases	with	pressure.	Sparkling	particular	foods	affect	■	than	the	hormone	adrenaline	in	some	cases	in	others!	drinks	contain	carbon	dioxide	dissolved	under	pressure.	B9	Coordination	and	homeostasis	Writing	equations	They	‘fizz’balanced	when	the	pressure	is	released	by	opening	the	A	balanced	equation	gives
us	more	information	about	a	container.	They	go	‘flat’	if	the	container	is	left	to	stand	is	happening	to	the	atoms	in	and	molecules	involved	in	a	The	solubility	of	solids	liquids	reaction	than	we	can	get	from	a	simple	word	equation.	open,	and	more	quickly	if	left	to	stand	in	a	warm	B9.01	Coordination	in	animals	Animals	need	fast	and	efficient
communicationplace.	systems	reaction.	During	a	chemical	reaction,	the	atoms	of	one	Key	terms	Worked	examples	Probably	the	most	important	and	common	examples	of	Below	is	a	step-by-step	approach	to	working	the	for	between	their	receptors	and	effectors.	This	out	is	partly	element	are	One	not	changed	into	those	of	another	element.	boxes
contain	clear	definitions	of	important	scientific	terms	in	are	featured	throughout	to	provide	step-by-step	guidance	of	the	characteristics	of	all	living	things	is	the	ability	Carbon	dioxide	is	more	soluble	than	either	nitrogen	or	mixtures	are	solutions	of	solids	in	liquids.	balanced	equation	for	a	reaction.	because	most	animals	move	in	search	of	food.	Many
each	chapter.	answering	questions.	Nor	do	atoms	thetomixture,	to	disappear	detect	and	from	respond	changesor	in	appear	its	environment.	oxygen.	This	is	because	it	reacts	with	water	to	produce	animals	need	to	be	able	to	respond	very	quickly	to	catch	from	nowhere.	theChanges	breaking	ThisAisreaction	known	asinvolves	sensitivity.	in	of	ansome
organism’s	carbonic	acid.	The	world	ispredators.	not	chemically	static.	Substances	their	food	or	to	avoid	KEy	between	TERMSenvironment	are	called	stimuli	(singular:	stimulus)	bonds	atoms,	and	then	the	making	of	new	Cambridge	IGCSE	Combined	and	Co-ordinated	Sciences	are	not	only	mixing	with	each	other	but	also	chemically	worked	example
c4.01	and	are	sensed	by	specialised	cells	called	receptors.	To	make	sure	that	the	right	effectors	respond	at	the	bonds	between	atoms	to	give	the	new	products.	During	reacting.	This	produces	a	world	that	is	continuously	A	solutionThe	organism	is	made	up	of	two	parts:	using	effectors.	Muscles	are	responds	right	time,	there	needs	to	be	some	kind	of
communication	a	chemical	reaction,	some	of	the	atoms	present	‘change	What	is	balanced	for	theofreaction	changing.	Tothe	gain	a	better	equation	understanding	this,	we	need	to	■	the	solute:	the	solid	that	dissolves	effectors,	and	they	may	respond	to	a	stimulus	by	system	between	receptors	and	effectors.	If	you	touch	partners’,	sometimes
spectacularly	(Image	C4.04).	between	magnesium	and	oxygen?	look	more	deeply	into	the	‘makeup’	of	chemical	substances.	■	the	solvent:	the	liquid	in	which	dissolves.	contracting.	canitalso	effectors.	For	example,	something	hot,	pain	receptors	on	your	fingertips	send	Notice	that	energy	mustGlands	be	supplied	tobechange	a	solid	Step	1:	Make	sure
you	know	what	the	reactants	and	queSTionS	Look	more	closely	at	Figure	C4.02:	if	you	smell	good	food	cooking,	your	salivary	glands	may	an	impulse	to	your	arm	muscles	to	tell	them	to	contract,	into	a	liquid.	At	the	same	time,	its	temperature	remains	QuESTIonS	are.	Forfrom	example,	magnesium	respond	by	secreting	saliva.	pullingproducts	your
hand	away	the	hot	surface.	burns	hydrogen	+	oxygen	constant	as	it	melts.	Similarly,	when	a	water	liquid	becomes	a	P9.01	To	the	to	volume	of	a	liquid,	you	can	inmeasure	air	(oxygen)	form	magnesium	oxide.	Water	is	the	commonest	solvent	in	use,	but	other	C2.06	How	would	you	separate	the	following?	pour	it	into	a	measuring	cylinder.	Measuring
gas,	temperature	remains	constant	even	though	Step	2:	From	this	you	can	write	out	the	word	equation:	O)	contains	only	energy	one	Eachits	molecule	water	(formula	H2these	liquids	are	also	of	important.	Most	of	other	solvents	cylinders	in	different	shapes	and	sizes	–	tall,	a	water	come	from	seawater	is	being	supplied	to	it.	magnesium	oxide
magnesium	+	oxygen	oxygen	atom	(O).	It	follows	one	molecule	of	and	oxygen	are	organic	liquids,	such	asthat	ethanol,	propanone	short,	wide,	narrow.	Explain	why	themixture	shape	of	b	ethanol	from	an	ethanol/water	hasloses	enough	oxygen	atoms	to	produce	molecules	Step	3:the	Write	out	the	equation	using	formulae	of	If(Oa2)gas	energy,	it
willorganic	condense	to	form	atwo	liquid.	As	it	does	trichloroethane.	These	solvents	are	important	cylinder	does	not	affect	thethe	measurement	cthesugar	crystals	a	sugar	solution	Tip	boxes	contain	advice	for	students	to	avoid	common	elements	andfrom	compounds:	Therefore,	two	molecules	of	hydrogen	of	water	(H	so,	its	temperature	remains
constant.	Similarly,	if	a	liquid	loses	of	volume.	because	they	oft	en	dissolve	substances	that	do	not	2O).will	misconceptions	and	provide	support	for	answering	questions.	C2.07	What	do	you	understand	by	the	term	sublimation?	MgO	+	O2to	the	be	neededIf	to	provide	enough	hydrogen	atomsit	is	(H2)	willits	energy,	will	remain	constant	asaitsolvent,
solidifies.	dissolve	intemperature	water.	a	substance	dissolves	in	P9.02	What	name	isMg	given	temperature	at	which	a	C2.08	What	type	of	substance	was	chromatography	(H)	totoreact	with	each	molecule.	of	Remember	that	exists	as	diatomic	gas	condenses	tooxygen	form	a	liquid?	said	be	soluble:	if	itoxygen	does	not	dissolve,The	it	isnumbers
insoluble.	originally	designed	to	separate?	molecules.	This	equation	is	not	balanced:	hydrogen	and	oxygen	atoms	are	then	the	same	on	both	P9.03	a	What	name	is	given	to	the	process	in	which	a	If	we	try	to	dissolve	a	substance	such	as	copper(ii)	sulfate	C2.09	How	can	we	now	extend	the	use	of	chromatography	there	are	two	oxygen	atoms	on	the	left,
but	sides	of	the	equation.	liquid	changes	into	a	solid?	in	a	TiP	fixed	volume	of	water,	the	solution	becomes	more	toonly	separate	colourless	one	on	the	right.substances?	b	What	name	is	given	to	the	temperature	at	Remember	thatwe	iceadd	isfor	not	always	at	0	°C	–	it	may	behydrogen	colder	The	symbol	equation	the	reaction	concentrated	as	more	solid.
A	between	concentrated	C2.10	thethe	term	Rf	value	in	connection	Step	4:Define	Balance	equation:	which	this	happens?	that.	take	ice	from	a	freezer,	it	may	andthan	oxygen	isWhen	therefore	written:	solution	contains	ayou	high	proportion	of	solute;	a	be	as	with	chromatography.	2MgO	2MgP9.02	+	O2	shown	cold	as	−20	°C.	P9.04	Look	at	Figure
earlier.	dilute	solution	contains	proportion	of	solute.	O	2H	O	2H	a+small	This	important	clear	if	we	consider	what	A	closer	looklaw	at	becomes	solutions	2	2	2	a	What	is	happening	in	the	section	marked	C?	This	is	a	balanced	equation.	The	numbers	of	each	type	b	Name	the	substance	or	substances	present	in	A	changes	fromthe	solid	to	liquid	a	the	We
cannot	alter	formulae	of	the	thethe	section	marked	D.	substances	involved	ofpure	atomsubstance	are	the	same	on	both	reactant	sideatand	particular	temperature,	known	as	the	melting	point.	the	reaction.	These	are	fixed	the	bonding	in	the	Original	material	©	CambridgeinUniversity	Press	2017	P9.05	Table	P9.02	shows	the	by	melting	and	boiling
points	H	Similarly,	a	liquid	changes	to	a	gas	at	a	fixed	temperature,	substanceof	itself.	We	can	put	the	multiplying	numbersofin	nitrogen	andonly	oxygen,	main	constituents	air.formula	Why	canwhere	we	notnecessary.	talk	about	the	melting	and	its	boiling	point.	Table	P9.02	shows	the	melting	and	front	of	each	105	199	xi	249	could	e	rate	of	een	se	a	e
+	water	+	H2O(l)	marked	sulfate	xii	w	from	ve	the	k	on	the	fainter	sappear.	The	hydrogen	sulfide	molecules	have	spread	out,	or	freely	permeable	to	oxygen	and	carbon	dioxide,	so	these	The	faster	the	reaction,	the	shorter	the	length	of	time	diffused,	through	the	air.	easily	diffuse	into	and	out	of	cells.	during	which	the	cross	is	visible.	The	experiment	is
carried	out	several	times	withCombined	solutions	pre-warmed	to	differentSciences	Cambridge	IGCSE	and	Co-ordinated	temperatures.	The	solutions	and	conditions	of	the	Key	teRM	experiment	must	remain	the	same;	only	the	temperature	Tip	is	altered.	A	graph	can	then	beofplotted	of	and	the	ions	timefrom	taken	diffusion:	the	net	movement
molecules	a	Remember	that	diffusion	is	simply	the	result	of	particles	region	of	their	higher	concentration	to	a	region	of	their	moving	about	randomly.	Cells	don’t	have	to	do	anything	Activity	Questions	for	the	cross	to	disappear	against	temperature,	likelower	that	concentration	down	a	concentration	gradient,	as	a	result	of	to	make	itthroughout
happen.	each	chapter	to	assess	students’	sections	throughout	each	chapter	provide	guidance	for	are	featured	shown	in	Figure	C7.10.	their	random	movement	conducting	practical	investigations.	knowledge	and	understanding	of	science.	aCtivity	C7.05	questiOns	Diffusion	and	living	organisms	the	factors	affecting	Living	organisms	obtain	manyreaction
of	their	rate	requirements	bySkills:	diffusion.	They	also	get	rid	of	many	of	their	waste	AO3.1	Demonstrate	knowledge	how	to	safely	products	in	this	way.	For	example,of	plants	need	use	techniques,	apparatus	and	materials	carbon	dioxide	for	photosynthesis.	This	diffuses	from	(including	following	a	sequence	of	instructions	the	air	into	the	leaves,
through	the	stomata.	It	does	this	where	appropriate)	because	there	is	a	lower	concentration	of	carbon	dioxide	AO3.2	andusing	investigations	inside	thePlan	leaf,experiments	as	the	cells	are	it	up.	Outside	the	AO3.3	Make	and	record	observations,	measurements	leaf	in	the	air,	there	is	a	higher	concentration.	Carbon	and	estimates	dioxide	molecules
therefore	diffuse	into	the	leaf,	down	AO3.4	Interpret	and	evaluate	experimental	this	concentration	gradient.	observations	and	data	5	Mark	the	level	of	liquid	inside	the	glass	tube.	AO3.5	Evaluate	methods	andchart.	suggest	6	Make	a	copy	of	this	results	possible	improvements	0	2	Sulfuric	4	6	acid	8	is10	12	14	16	Wear/eye	protection.	corrosive.	!	Time
minutes	You	must	plan	an	investigation	to	discover	how	one	chosen	factorHeight	affectsofthe	rate	of	a	chemical	reaction.	liquid	/	mm	MgSO4	+	H2	Mg	+	H2SO4	Every	2	minutes,	of	the	liquid	3	record	the	level	1	Measure	10	cm	of	2	mol/dm3	sulfuric	acid	intoinathe	glass	tube.	boiling	tube.	Collect	sheet	paper.	Draw	a	line	27	Add	a	5	acm
stripofofgraph	magnesium	ribbon	and	graph	start	of	your	results.	Put	time	in	minutes	on	the	x-axis,	and	a	stopclock.	height	in	mm	on	the	y-axis.	3	When	the	reaction	stops,	record	the	time	taken.	4Questions	List	the	factors	that	could	speed	up	or	slow	down	A1	this	reaction.	Describe	what	happened	to	the	liquid	level	inside	the	glass	tube.	5	Choose	one
of	these	factors	and	plan	an	investigation	to	discover	affects	the	rate.	A2	Explain	whyhow	this	ithappened.	Define	diffusion.	B2.02	List	three	examples	of	diffusion	in	living	organisms.	B2.03	You	will	need	to	think	about	your	knowledge	of	particle	theory	to	answer	this	question.	317	a	What	effect	does	an	increase	in	temperature	have	on	the	kinetic
energy	of	molecules	of	a	gas	or	a	solute?	B2:	Movement	in	and	out	of	cells	b	Predict	and	explain	how	an	increase	in	temperature	will	affect	the	rate	of	diffusion	of	a	solute.	A3	Use	your	graph	to	work	out	the	mean	(average)	rate	at	Check	the	introduction	and	the	which	the	liquid	moved	up	the	tube,	in	mm	per	second.	cover	flap	for	information	on	how
(Ask	your	teacher	for	help	if	you	are	not	sure	how	to	do	this.)	to	use	the	sidebars	in	the	margins.	A4	Predict	what	would	have	happened	to	the	rate	of	osmosis	in	this	experiment	if	you	had	used	a	kind	of	Visking	tubing	with	ridges	and	grooves	in	it,	giving	it	a	larger	surface	area.	Explain	your	answer.	A5	When	temperature	rises,	particles	move	more
quickly.	Describe	how	you	could	use	this	apparatus	to	carry	out	an	experiment	to	investigate	the	effect	of	temperature	on	the	rate	of	osmosis.	Think	about	the	following	things.	■	■	■	■	■	6	Your	investigation	should	produce	sufficient	results	to	enable	you	to	draw	a	graph.	A	worksheet	is	included	on	the	CD-ROM.	The	Notes	on	activity	B2.06	activities
for	teachers/technicians	contain	details	of	how	this	experiment	can	be	used	as	an	assessment	of	skillsOsmosis	AO3.2	and	AO3.5.	and	potato	strips	B2.01	What	will	you	vary	in	your	experiment?	What	will	you	keep	the	same?	What	will	you	measure,	when	will	you	measure	it	and	how	will	you	measure	it?	How	will	you	record	and	display	your	results?
Predict	the	results	that	you	would	expect.	At	the	end	of	each	chapter,	a	Summary	is	included	to	recap	the	key	topics.	17	summary	You	should	know:	■	■	■	how	diffusion	results	from	the	random	movement	of	particles	the	factors	that	affect	the	rate	of	diffusion	why	diffusion	is	important	to	cells	and	living	organisms	■	■	■	the	importance	of	water	as	a
solvent	about	osmosis,	which	is	a	special	kind	of	diffusion,	involving	water	molecules	how	osmosis	affects	animal	cells	and	plant	cells.	Original	material	©	Cambridge	University	Press	2017	end-of-chapter	questions	summary	How	to	use	this	book	You	should	know:	■	that	work	is	energy	transferred	by	a	force	■	that	power	is	the	rate	at	which	energy	is
transferred	■	howthe	to	summary,	calculate	work	■	how	questions	to	calculatetopower.	Following	theredone	will	be	selection	of	exam-style	End	of	chapter	help	students	to	prepare	for	the	type	of	questions	on	the	IGCSE	Combined	or	IGCSE	Co‑ordinated	Sciences	exams.	end-of-chapter	questions	1	When	a	force	moves,	it	does	work.	Copy	and
complete	the	following	sentences,	writing	more	or	less	in	the	spaces.	a	b	2	[1]	[1]	Power	tells	us	about	how	quickly	work	is	done.	Copy	and	complete	the	following	sentences,	writing	work	or	energy	in	the	spaces.	a	b	3	When	it	moves,	a	bigger	force	does	work	than	a	smaller	force.	The	greater	the	distance	moved	by	the	force,	the	work	it	does.	Power	is
the	rate	at	which	Power	is	the	rate	at	which	is	transferred.	is	done.	[1]	[1]	We	can	calculate	work	done	using	this	equation:	W	=	F	×	d.	a	b	Write	this	equation	in	words.	Copy	and	complete	the	table	to	show	the	units	of	each	quantity	in	the	equation.	Quantity	[2]	[3]	495	Unit	W	F	xiii	d	4	5	Omar	and	Ahmed	are	lifting	weights	in	the	gym.	Each	lifts	a
weight	of	200	N.	Omar	lifts	the	weight	to	a	height	of	2.0	m,	whereas	Ahmed	lifts	it	to	a	height	of	2.1	m.	Who	does	more	work	in	lifting	the	weight?	Explain	how	you	know.	Millie	and	Lily	are	identical	twins	who	enjoy	swimming.	Their	arms	and	legs	provide	the	force	needed	to	move	them	through	the	water.	Millie	can	swim	25	m	in	50	s.	Lily	can	swim
100	m	in	250	s.	a	b	6	[2]	Calculate	the	swimming	speed	of	each	twin.	Which	twin	has	the	greater	power	when	swimming?	Explain	how	you	can	tell.	[2]	[2]	Write	a	word	equation	showing	how	work	done	and	energy	transferred	are	related.	[2]	Original	material	©	Cambridge	University	Press	2017	36	B4	Plant	nutrition	This	chapter	covers:	■	■	■	■	■
■	■	■	how	plants	make	carbohydrates	by	photosynthesis	the	structure	of	a	leaf	the	role	of	chlorophyll	in	transferring	light	energy	to	chemical	energy	how	a	leaf	is	adapted	for	photosynthesis	how	to	test	a	leaf	for	starch	investigating	the	need	for	chlorophyll,	light	and	carbon	dioxide	for	photosynthesis	investigating	the	effect	of	light	intensity	on	the
rate	of	photosynthesis	why	plants	need	nitrate	ions	and	magnesium	ions.	B4.01 Types	of	nutrition	All	living	organisms	need	to	take	many	different	substances	into	their	bodies.	Some	of	these	may	be	used	to	make	new	parts,	or	repair	old	parts.	Others	may	be	used	to	release	energy.	Taking	in	useful	substances	is	called	feeding,	or	nutrition.	Animals
and	fungi	cannot	make	their	own	food.	They	feed	on	organic	substances	that	have	originally	been	made	by	plants.	Some	animals	eat	other	animals,	but	all	the	substances	passing	from	one	animal	to	another	were	first	made	by	plants.	Animal	nutrition	is	described	in	Chapter	B5.	Green	plants	make	their	own	food.	They	use	simple	inorganic	substances	–
carbon	dioxide,	water	and	minerals	–	from	the	air	and	soil.	Plants	build	these	substances	into	complex	materials,	making	all	the	carbohydrates,	lipids,	proteins	and	vitamins	that	they	need.	Original	material	©	Cambridge	University	Press	2017	B4:	Plant	nutrition	B4.02	Photosynthesis	QueStiOnS	Green	plants	make	the	carbohydrate	glucose	from
carbon	dioxide	and	water.	At	the	same	time,	oxygen	is	produced.	B4.01	Give	one	example	of	an	organic	substance.	B4.02	Which	inorganic	substances	does	a	plant	use	to	make	carbohydrates?	B4.03	What	is	chlorophyll,	and	how	does	it	help	the	plant?	If	you	just	mix	carbon	dioxide	and	water	together,	they	will	not	make	glucose.	They	have	to	be	given
energy	before	they	will	combine.	Green	plants	use	the	energy	of	sunlight	for	this.	The	reaction	is	therefore	called	photosynthesis	(‘photo’	means	light,	and	‘synthesis’	means	manufacture).	Key	teRM	photosynthesis:	the	process	by	which	plants	manufacture	carbohydrates	from	raw	materials	using	energy	from	light	Chlorophyll	However,	sunlight
shining	onto	water	and	carbon	dioxide	still	will	not	make	them	react	together	to	make	glucose.	The	sunlight	energy	has	to	be	trapped,	and	then	used	in	the	reaction.	Green	plants	have	a	substance	which	does	this.	It	is	called	chlorophyll.	Chlorophyll	is	the	pigment	which	makes	plants	look	green.	It	is	kept	inside	the	chloroplasts	of	plant	cells.	When
sunlight	falls	on	a	chlorophyll	molecule,	some	of	the	energy	in	the	light	is	absorbed.	The	chlorophyll	molecule	then	releases	the	energy.	The	released	energy	makes	carbon	dioxide	combine	with	water,	with	the	help	of	enzymes	inside	the	chloroplast.	The	glucose	that	is	made	contains	energy	that	was	originally	in	the	sunlight.	So,	in	this	processs,	light
energy	is	transferred	to	chemical	energy.	B4.03	Leaves	Photosynthesis	happens	inside	chloroplasts.	This	is	where	the	enzymes	and	chlorophyll	are	that	catalyse	and	supply	energy	for	the	reaction.	In	a	typical	plant,	most	chloroplasts	are	in	the	cells	in	the	leaves.	A	leaf	is	a	factory	for	making	carbohydrates.	Leaves	are	therefore	specially	adapted	to
allow	photosynthesis	to	take	place	as	quickly	and	efficiently	as	possible.	Leaf	structure	A	leaf	consists	of	a	broad,	flat	part	called	the	lamina	(Figure	B4.01),	which	is	joined	to	the	rest	of	the	plant	by	a	leaf	stalk.	Running	through	the	leaf	stalk	are	vascular	bundles,	which	then	form	the	veins	in	the	leaf.	These	contain	tubes	that	carry	substances	to	and
from	the	leaf.	midrib	margin	lamina	vein	The	photosynthesis	equation	The	full	equation	for	photosynthesis	is	written	like	this:	carbon	dioxide	+	water	sunlight	chlorophyll	glucose	+	oxygen	To	show	the	number	of	molecules	involved	in	the	reaction,	a	balanced	equation	needs	to	be	written.	Carbon	dioxide	contains	two	atoms	of	oxygen	and	one	of
carbon,	so	its	molecular	formula	is	CO2.	Water	has	the	formula	H2O.	Glucose	has	the	formula	C6H12O6.	Oxygen	molecules	contain	two	atoms	of	oxygen,	and	so	they	are	written	O2.	transverse	section	of	leaf	cross-section	of	vein	Figure	B4.01	The	structure	of	a	leaf.	Although	a	leaf	looks	thin,	it	is	in	fact	made	up	of	several	layers	of	cells.	You	can	see
these	if	you	look	at	a	transverse	section	(TS)	of	a	leaf	under	a	microscope	(Figure	B4.02,	and	Images	B4.01	and	B4.02).	The	top	and	bottom	of	the	leaf	are	covered	with	a	layer	of	closely	fitting	cells	called	the	epidermis	(Figures	B4.02	sunlight	and	B4.03,	and	Image	B4.03).	These	cells	do	not	contain	C6H12O6	+	6O2	6CO2	+	6H2O	chlorophyll
chloroplasts.	Their	function	is	to	protect	the	inner	layers	Original	material	©	Cambridge	University	Press	2017	The	balanced	equation	for	photosynthesis	is	this:	37	Cambridge	IGCSE	Combined	and	Co-ordinated	Sciences	cuticle	cell	wall	vacuole	cytoplasm	nucleus	chloroplast	upper	epidermis	palisade	mesophyll	mesophyll	layer	xylem	vein	spongy
mesophyll	phloem	lower	epidermis	guard	cell	38	stoma	air	space	Figure	B4.02 	Transverse	section	through	a	small	part	of	a	leaf.	Image B4.01 	A	photograph	taken	with	a	scanning	electron	microscope,	showing	the	cells	inside	a	leaf.	Scanning	electron	microscopes	provide	3D	images	(×	400).	of	cells	in	the	leaf.	The	cells	of	the	upper	epidermis	often
secrete	a	waxy	substance	that	lies	on	top	of	them.	It	is	called	the	cuticle,	and	it	helps	to	stop	water	evaporating	from	the	leaf.	There	is	sometimes	a	cuticle	on	the	underside	of	the	leaf	as	well.	Image B4.02 	This	photograph	was	taken	using	a	light	microscope.	It	shows	a	transverse	section	of	a	leaf	from	a	tea	plant.	Can	you	identify	all	the	different
layers	of	cells	labelled	in	Figure	B4.02?	Original	material	©	Cambridge	University	Press	2017	B4:	Plant	nutrition	In	the	lower	epidermis,	there	are	small	openings	called	stomata	(singular:	stoma).	Each	stoma	is	surrounded	by	a	pair	of	sausage-shaped	guard	cells	which	can	open	or	close	the	hole.	Guard	cells,	unlike	other	cells	in	the	epidermis,	do
contain	chloroplasts.	epidermal	cell	cell	wall	nucleus	cytoplasm	The	middle	layers	of	the	leaf	are	called	the	mesophyll	(‘meso’	means	middle,	and	‘phyll’	means	leaf).	These	cells	all	contain	chloroplasts.	The	cells	nearer	to	the	top	of	the	leaf	are	arranged	like	a	fence	or	palisade,	and	they	form	the	palisade	mesophyll.	The	cells	beneath	them	are	rounder,
and	arranged	quite	loosely,	with	large	air	spaces	between	them.	They	form	the	spongy	mesophyll	(Figure	B4.02).	Running	through	the	mesophyll	are	veins	or	vascular	bundles.	Each	vein	contains	large,	thick-walled	xylem	vessels	(Figure	B6.01)	for	carrying	water.	There	are	also	smaller,	thin-walled	phloem	tubes	(Figure	B6.03)	for	carrying	away
sucrose	and	other	substances	that	the	leaf	has	made.	questions	B4.04	Which	kind	of	cell	makes	the	cuticle	on	a	leaf?	B4.05	What	is	the	function	of	the	cuticle?	B4.06	What	are	stomata?	B4.07	What	are	guard	cells?	stoma	thick	cytoplasm	cell	wall	nucleus	chloroplast	guard	cell	Figure	B4.03 	Surface	view	of	the	lower	epidermis	of	a	leaf.	B4.08	List
three	kinds	of	cell	in	a	leaf	which	contain	chloroplasts,	and	one	kind	which	does	not.	39	Leaf	adaptations	Leaves	are	adapted	to	obtain	carbon	dioxide,	water	and	sunlight.	Carbon	dioxide	Carbon	dioxide	is	obtained	from	the	air.	There	is	not	very	much	available,	because	only	about	0.04%	of	the	air	is	carbon	dioxide.	Therefore,	the	leaf	must	be	very
efficient	at	absorbing	it.	The	leaf	is	held	out	into	the	air	by	the	stem	and	the	leaf	stalk,	and	its	large	surface	area	helps	to	expose	it	to	as	much	air	as	possible	(Figure	B4.04).	The	cells	which	need	the	carbon	dioxide	are	the	mesophyll	cells,	inside	the	leaf.	The	carbon	dioxide	can	get	into	the	leaf	through	the	stomata.	It	does	this	by	diffusion,	which	is
described	in	Chapter	B2.	Behind	each	stoma	is	an	air	space	(Figure	B4.02)	which	connects	up	with	other	air	spaces	between	the	spongy	mesophyll	cells.	The	carbon	dioxide	can	therefore	diffuse	to	all	the	cells	in	the	leaf.	It	can	then	diffuse	through	the	cell	wall	and	cell	membrane	of	each	cell,	and	into	the	chloroplasts.	Image B4.03 	The	lower	surface
of	a	leaf,	showing	the	Water	closely	fitting	cells	of	the	epidermis.	The	oval	openings	are	Water	is	obtained	from	the	soil.	It	is	absorbed	by	the	root	stomata,	and	the	two	curved	cells	around	each	stoma	are	hairs,	and	carried	up	to	the	leaf	in	the	xylem	vessels.	guard	cells	(×	450).	Original	material	©	Cambridge	University	Press	2017	Cambridge	IGCSE
Combined	and	Co-ordinated	Sciences	sunlight	Carbon	dioxide	diffuses	through	stomata.	Sunlight	is	absorbed	by	chlorophyll.	Water	travels	to	chloroplasts	by	osmosis.	Carbon	dioxide	diffuses	through	air	spaces.	Carbon	dioxide	diffuses	through	stomata	from	the	atmosphere.	Water	in	the	soil	is	absorbed	through	root	tips.	40	Figure	B4.04 	How	the
materials	for	photosynthesis	get	into	a	leaf.	It	then	travels	from	the	xylem	vessels	to	the	mesophyll	cells	by	osmosis,	which	was	described	in	Chapter	B2.	The	path	it	takes	is	shown	in	Figures	B4.04	and	B4.05.	Sunlight	The	position	of	a	leaf	and	its	broad,	flat	surface	help	it	to	obtain	as	much	sunlight	as	possible.	If	you	look	up	through	the	branches	of	a
tree,	you	will	see	that	the	leaves	are	arranged	so	that	they	do	not	cut	off	light	from	one	another	more	than	necessary.	Plants	that	live	in	shady	places	often	have	particularly	big	leaves.	The	cells	that	need	the	sunlight	are	the	mesophyll	cells.	The	thinness	of	the	leaf	allows	the	sunlight	to	penetrate	right	through	it,	and	reach	all	the	cells.	To	help	this,
the	epidermal	cells	are	transparent,	with	no	chloroplasts.	In	the	mesophyll	cells,	the	chloroplasts	are	arranged	to	get	as	much	sunlight	as	possible,	particularly	those	in	the	palisade	cells.	The	chloroplasts	can	lie	broadside	on	to	do	this,	but	in	strong	sunlight,	they	often	arrange	themselves	end	on.	This	reduces	the	amount	of	light	absorbed.	Water	is
brought	from	the	roots	in	xylem	vessels.	Figure	B4.05 	How	the	raw	materials	for	photosynthesis	get	into	a	palisade	cell.	Tip	Note	that	chlorophyll	does	not	‘attract’	light.	It	absorbs	energy	from	light.	activity	B4.01	 	Use	a	microscope	to	observe	the	cells	that	cover	a	leaf	questions	B4.09	What	are	the	raw	materials	needed	for	photosynthesis?	B4.10
What	percentage	of	the	air	is	carbon	dioxide?	B4.11	How	does	carbon	dioxide	get	into	a	leaf?	B4.12	How	does	a	leaf	obtain	its	water?	B4.13	Give	two	reasons	why	the	large	surface	area	of	leaves	is	advantageous	to	the	plant.	Adaptations	of	leaves	for	photosynthesis	are	shown	in	B4.14	Leaves	are	thin.	What	purpose	does	this	serve?	Table	B4.01.
Original	material	©	Cambridge	University	Press	2017	B4:	Plant	nutrition	Adaptation	Function	supported	by	stem	and	leaf	stalk	to	expose	as	much	of	the	leaf	as	possible	to	the	sunlight	and	air	large	surface	area	to	expose	as	large	an	area	as	possible	to	the	sunlight	and	air	thin	to	allow	sunlight	to	penetrate	to	all	cells;	to	allow	CO2	to	diffuse	in	and	O2
to	diffuse	out	as	quickly	as	possible	stomata	in	lower	epidermis	to	allow	CO2	to	diffuse	in	and	O2	to	diffuse	out	air	spaces	in	spongy	mesophyll	to	allow	CO2	and	O2	to	diffuse	to	and	from	all	cells	no	chloroplasts	in	epidermal	cells	to	allow	sunlight	to	penetrate	to	the	mesophyll	layer	chloroplasts	containing	chlorophyll	present	in	the	mesophyll	layer	to
absorb	energy	from	sunlight,	so	that	CO2	will	combine	with	H2O	palisade	cells	arranged	end	on	to	keep	as	few	cell	walls	as	possible	between	sunlight	and	the	chloroplasts	chloroplasts	inside	palisade	cells	often	arranged	broadside	on	to	expose	as	much	chlorophyll	as	possible	to	sunlight	chlorophyll	arranged	on	flat	membranes	inside	the	chloroplasts
to	expose	as	much	chlorophyll	as	possible	to	sunlight	xylem	vessels	within	short	distance	of	every	mesophyll	cell	to	supply	water	to	the	cells	in	the	leaf,	some	of	which	will	be	used	in	photosynthesis	phloem	tubes	within	short	distance	of	every	mesophyll	cell	to	take	away	sucrose	and	other	organic	products	of	photosynthesis	Table	B4.01 	Adaptations	of
leaves	for	photosynthesis.	B4.04 Uses	of	glucose	One	of	the	first	carbohydrates	to	be	made	in	photosynthesis	is	glucose.	There	are	several	things	that	may	then	happen	to	it	(Figure	B4.06).	Used	for	energy	Energy	may	be	released	from	glucose	in	the	leaf.	All	cells	need	energy,	which	they	obtain	by	the	process	of	respiration	(Chapter	B8).	Some	of	the
glucose	which	a	leaf	makes	will	be	broken	down	by	respiration,	to	release	energy.	Stored	as	starch	Sucrose	is	used	for	fruit	growth	or	stored	in	fruits.	Sucrose	is	used	for	shoot	growth.	glucose	sucrose	starch	Sucrose	is	used	for	root	growth	or	stored	in	roots	as	starch.	Sucrose	is	transported	in	phloem	tubes.	Glucose	may	be	turned	into	starch	and
stored	in	the	leaf.	Glucose	is	a	simple	sugar	(Section	B3.02).	It	is	soluble	in	water,	and	quite	a	reactive	substance.	It	is	not,	therefore,	a	very	good	storage	molecule.	First,	being	reactive,	it	might	get	involved	in	chemical	reactions	where	it	is	not	wanted.	Secondly,	it	would	dissolve	in	the	water	in	and	around	Figure	B4.06 	The	products	of
photosynthesis.	Original	material	©	Cambridge	University	Press	2017	41	Cambridge	IGCSE	Combined	and	Co-ordinated	Sciences	the	plant	cells,	and	might	be	lost	from	the	cell.	Thirdly,	when	dissolved,	it	would	increase	the	concentration	of	the	solution	in	the	cell,	which	could	affect	osmosis.	The	glucose	is	therefore	converted	into	starch	to	be	stored.
Starch	is	a	polysaccharide,	made	of	many	glucose	molecules	joined	together.	Being	such	a	large	molecule,	it	is	not	very	reactive,	and	not	very	soluble.	It	can	be	made	into	granules	which	can	be	easily	stored	inside	the	chloroplasts.	Used	to	make	proteins	and	other	organic	substances	Glucose	may	be	used	to	make	other	organic	substances.	The	plant
can	use	glucose	as	a	starting	point	for	making	all	the	other	organic	substances	it	needs.	These	include	the	carbohydrates	sucrose	and	cellulose.	Plants	also	make	fats	and	oils.	42	Plants	can	also	use	the	sugars	they	have	made	in	photosynthesis	to	make	amino	acids,	which	can	be	built	up	into	proteins.	To	do	this,	they	need	nitrogen.	Unfortunately,	even
though	the	air	around	us	is	78%	nitrogen,	this	is	completely	useless	to	plants	because	it	is	very	unreactive.	Plants	have	to	be	supplied	with	nitrogen	in	a	more	reactive	form,	usually	as	nitrate	ions.	They	absorb	nitrate	ions	from	the	soil,	through	their	root	hairs,	by	diffusion	and	active	transport.	The	nitrate	ions	combine	with	glucose	to	make	amino
acids.	The	amino	acids	are	then	strung	together	to	form	protein	molecules.	Another	substance	that	plants	make	is	chlorophyll.	Once	again,	they	need	nitrogen	to	do	this,	and	also	another	element	–	magnesium.	The	magnesium,	like	the	nitrate	ions,	is	obtained	from	the	soil.	Table	B4.02	shows	what	happens	to	a	plant	if	it	does	not	have	enough	of	these
ions.	Image B4.04	shows	what	happens	when	a	plant	does	not	have	enough	nitrogen.	Farmers	often	add	extra	mineral	ions	to	the	soil	in	which	Element	nitrogen	magnesium	Mineral	salt	nitrate	ions	magnesium	ions	Why	needed	to	make	amino	acids,	which	can	then	be	used	for	making	proteins	to	make	chlorophyll	Deficiency	yellowing	between	the
veins	of	leaves	weak	growth,	yellow	leaves	Image B4.04 	This	stunted,	yellow	maize	seedling	is	suffering	from	nitrogen	deficiency.	their	crops	are	growing,	to	make	sure	that	they	do	not	run	short	of	these	essential	substances.	Changed	to	sucrose	for	transport	A	molecule	has	to	be	small	and	soluble	to	be	transported	easily.	Glucose	has	both	of	these
properties,	but	it	is	also	rather	reactive.	It	is	therefore	converted	to	the	complex	sugar	sucrose	to	be	transported	to	other	parts	of	the	plant.	Sucrose	molecules	are	also	quite	small	and	soluble,	but	less	reactive	than	glucose.	They	dissolve	in	the	sap	in	the	phloem	vessels	and	can	be	distributed	to	whichever	parts	of	the	plant	need	them	(Figure	B4.06).
The	sucrose	may	later	be	turned	back	into	glucose	again,	to	be	broken	down	to	release	energy,	or	turned	into	starch	and	stored,	or	used	to	make	other	substances	which	are	needed	for	growth.	questions	B4.15	Why	is	glucose	not	very	good	for	storage	in	a	leaf?	B4.16	What	substances	does	a	plant	need	to	be	able	to	convert	glucose	into	proteins?
B4.17	Explain	why	a	plant	that	does	not	get	enough	nitrate	ions	has	weak	growth.	B4.18	How	do	parts	of	the	plant	such	as	the	roots,	which	cannot	photosynthesise,	obtain	food?	B4.05 Testing	leaves	for	starch	Iodine	solution	is	used	to	test	for	starch.	A	blue-black	colour	shows	that	starch	is	present.	However,	if	you	put	iodine	solution	onto	a	leaf
which	contains	starch,	Table	B4.02 	Mineral	ions	required	by	plants.	Original	material	©	Cambridge	University	Press	2017	B4:	Plant	nutrition	activity	B4.02	Testing	a	leaf	for	starch	Skill:	AO3.1	Using	techniques,	apparatus	and	materials	Leaves	turn	some	of	the	glucose	that	they	make	in	photosynthesis	into	starch.	If	we	find	starch	in	a	leaf,	that	tells
us	if	it	has	been	photosynthesising.	!	 	Wear	eye	protection	if	available.	Take	care	with	the	boiling	water.	Alcohol	is	very	flammable.	Turn	out	your	Bunsen	flame	before	putting	the	tube	of	alcohol	into	the	hot	water.	Use	forceps	to	handle	the	leaf.	4	Spread	out	the	leaf	on	a	white	tile,	and	cover	it	with	iodine	solution.	A	blue-black	colour	shows	that	the
leaf	contains	starch.	boiling	water	leaf	1	Take	a	leaf	from	a	healthy	plant,	and	drop	it	into	boiling	water	in	a	water	bath.	Leave	for	about	30 s.	Turn	out	the	Bunsen	flame.	2	Remove	the	leaf,	which	will	be	very	soft,	and	drop	it	into	a	tube	of	alcohol	in	the	water	bath.	Leave	it	until	all	the	chlorophyll	has	come	out	of	the	leaf.	3	The	leaf	will	now	be	brittle.
Remove	it	from	the	alcohol,	and	dip	it	into	hot	water	again	to	soften	it.	boiling	tube	alcohol	beaker	Questions	A1	Why	was	the	leaf	put	into	boiling	water?	A2	Why	did	the	alcohol	become	green?	A3	Why	was	the	leaf	put	into	alcohol	after	being	put	into	boiling	water?	43	it	will	not	immediately	turn	black.	This	is	because	the	starch	is	inside	the
chloroplasts	in	the	cells.	The	iodine	solution	cannot	get	through	the	cell	membranes	to	reach	the	starch	and	react	with	it.	Both	plants	(or	leaves)	are	then	treated	in	exactly	the	same	way.	Any	differences	between	them	at	the	end	of	the	investigation,	therefore,	must	be	because	of	the	substance	being	tested.	Another	difficulty	is	that	the	green	colour	of
the	leaf	and	the	brown	iodine	solution	can	look	black	together.	At	the	end	of	the	investigation,	test	a	leaf	from	your	experimental	plant	and	one	from	your	control	to	see	if	they	have	made	starch.	By	comparing	them,	you	can	find	out	which	substances	are	necessary	for	photosynthesis.	Therefore,	before	testing	a	leaf	for	starch,	you	must	break	down	the
cell	membranes,	and	get	rid	of	the	green	colour	(chlorophyll).	The	way	this	is	done	is	described	in	Activity	B4.02.	The	cell	membranes	are	first	broken	down	by	boiling	water,	and	then	the	chlorophyll	is	removed	by	dissolving	it	out	with	alcohol.	Controls	Destarching	plants	It	is	very	important	that	the	leaves	you	are	testing	should	not	have	any	starch	in
them	at	the	beginning	of	the	investigation.	If	they	did,	and	you	found	that	the	leaves	contained	starch	at	the	end	of	the	investigation,	you	could	not	be	sure	that	they	had	been	photosynthesising.	The	starch	might	have	been	made	before	the	investigation	began.	If	you	do	Activities	B4.03,	B4.04	and	B4.05,	you	can	find	out	for	yourself	which	substances
a	plant	needs	for	photosynthesis.	In	each	investigation,	the	plant	is	given	everything	it	needs,	except	for	one	substance.	Another	So,	before	doing	any	of	these	investigations,	you	must	plant	is	used	at	the	same	time.	This	is	a	control.	The	control	destarch	the	plants.	The	easiest	way	to	do	this	is	to	leave	is	given	everything	it	needs,	including	the
substance	being	them	in	a	dark	cupboard	for	at	least	24	hours.	The	plants	tested	for.	Sometimes	the	control	is	a	leaf,	or	even	a	part	of	cannot	photosynthesise	while	they	are	in	the	cupboard	a	leaf,	from	the	experimental	plant.	The	important	thing	is	because	there	is	no	light.	So	they	use	up	their	stores	of	that	the	control	has	all	the	substances	it	needs,
while	the	starch.	To	be	certain	that	they	are	thoroughly	destarched,	experimental	plant	–	or	leaf	–	is	lacking	one	substance.	test	a	leaf	for	starch	before	you	begin.	Original	material	©	Cambridge	University	Press	2017	Cambridge	IGCSE	Combined	and	Co-ordinated	Sciences	activity	B4.03	44	To	see	if	light	is	needed	for	photosynthesis	Skills:	AO3.1
Using	techniques,	apparatus	and	materials	AO3.3	Observing,	measuring	and	recording	AO3.4	Interpreting	and	evaluating	observations	and	data	!	 	Wear	eye	protection	if	available.	Take	care	with	the	boiling	water.	Alcohol	is	very	flammable.	Turn	out	your	Bunsen	flame	before	putting	the	tube	of	alcohol	into	the	hot	water.	Use	forceps	to	handle	the
leaf.	1	Take	a	healthy	bean	or	Pelargonium	plant,	growing	in	a	pot.	Leave	it	in	a	cupboard	for	a	few	days,	to	destarch	it.	2	Test	one	of	its	leaves	for	starch,	to	check	that	it	does	not	contain	any.	3	Using	a	folded	piece	of	black	paper	or	aluminium	foil,	a	little	larger	than	a	leaf,	cut	out	a	shape	(see	diagram).	Fasten	the	paper	or	foil	over	both	sides	of	a
leaf	on	your	plant,	making	sure	that	the	edges	are	held	firmly	together.	Don’t	take	the	leaf	off	the	plant!	black	paper	stencil	leaf	4	Leave	the	plant	near	a	warm,	sunny	window	for	a	few	days.	5	Remove	the	cover	from	your	leaf,	and	test	the	leaf	for	starch.	6	Make	a	labelled	drawing	of	the	appearance	of	your	leaf	after	testing	for	starch.	Questions	A1
Why	was	the	plant	destarched	before	the	beginning	of	the	experiment?	A2	Why	was	part	of	the	leaf	left	uncovered?	A3	What	do	your	results	tell	you	about	light	and	photosynthesis?	activity	B4.04	To	see	if	chlorophyll	is	needed	for	photosynthesis	Skills:	AO3.1	Using	techniques,	apparatus	and	materials	AO3.3	Observing,	measuring	and	recording
AO3.4	Interpreting	and	evaluating	observations	and	data		ear	eye	protection	if	available.	!	 W	Take	care	with	the	boiling	water.	Alcohol	is	very	flammable.	Turn	out	your	Bunsen	flame	before	putting	the	tube	of	alcohol	into	the	hot	water.	Use	forceps	to	handle	the	leaf.	1	Destarch	a	plant	with	variegated	(green	and	white)	leaves.	Then	leave	your	plant
in	a	warm,	sunny	spot	for	a	few	days.	2	Test	one	of	the	leaves	for	starch	(Activity B4.02).	3	Make	a	drawing	of	your	leaf	before	and	after	testing.	Questions	A1	What	was	the	control	in	this	investigation?	A2	What	do	your	results	tell	you	about	chlorophyll	and	photosynthesis?	Original	material	©	Cambridge	University	Press	2017	B4:	Plant	nutrition
activity	B4.05	To	show	that	oxygen	is	produced	in	photosynthesis	Skills:	AO3.1	Using	techniques,	apparatus	and	materials	AO3.3	Observing,	measuring	and	recording	1	Set	up	the	apparatus	shown	in	the	diagram.	Make	sure	that	the	test	tube	is	completely	full	of	water.	2	Leave	the	apparatus	near	a	warm,	sunny	window	for	a	few	days.	3	Carefully
remove	the	test	tube	from	the	top	of	the	funnel,	allowing	the	water	to	run	out,	but	not	allowing	the	gas	to	escape.	4	Light	a	wooden	splint,	and	then	blow	it	out	so	that	it	is	just	glowing.	Carefully	put	it	into	the	gas	in	the	test	tube.	If	it	bursts	into	flame,	then	the	gas	is	oxygen.	activity	B4.06	oxygen	collecting	in	the	tube	beaker	containing	water	inverted
funnel	water	plant	photosynthesising	Questions	A1	Why	was	this	investigation	done	under	water?	A2	This	investigation	has	no	control.	Try	to	design	one.	activity	B4.07	 	To	see	if	carbon	dioxide	is	needed	for	photosynthesis	 	Photosynthesis	in	pond	weed	45	activity	B4.08	Investigating	the	effect	of	light	intensity	on	photosynthesis	Skills:	AO3.1	Using
techniques,	apparatus	and	materials	AO3.2	Planning	AO3.3	Observing,	measuring	and	recording	AO3.4	Interpreting	and	evaluating	observations	and	data	AO3.5	Evaluating	methods	!	 	I	f	you	use	an	electric	lamp,	keep	water	well	away	from	it.	If	you	did	Activity B4.06,	you	may	have	noticed	that	the	plant	seemed	to	produce	more	bubbles	in	bright
sunlight	than	when	it	was	in	the	shade.	This	could	mean	that	the	rate	of	photosynthesis	is	affected	by	light	intensity.	1	Write	down	a	hypothesis	that	you	will	investigate.	The	hypothesis	should	be	one	sentence,	and	it	should	describe	the	relationship	that	you	think	exists	between	light	intensity	and	the	rate	of	photosynthesis.	You	can	vary	light	intensity
by	moving	a	light	source	closer	to	the	plant.	The	shorter	the	distance	between	the	light	and	the	plant,	the	greater	the	light	intensity.	You	can	use	a	water	plant	in	your	investigation.	2	Once	you	have	an	idea	about	how	you	will	do	your	experiment,	write	it	down	as	a	list	of	points.	Then	think	through	it	again,	and	make	improvements	to	your	plan.	Once
you	are	fairly	happy	with	it,	show	your	teacher.	You	must	not	try	to	do	your	experiment	until	your	teacher	says	that	you	may	begin.	■	What	apparatus	and	other	materials	will	you	need	for	your	experiment?	■	What	will	you	vary	in	your	experiment?	How	will	you	vary	it?	■	What	will	you	keep	the	same	in	all	the	tubes	or	beakers	in	your	experiment?
How	will	you	do	this?	■	What	will	you	measure	in	your	experiment?	How	will	you	measure	it?	When	will	you	measure	it?	Will	you	do	repeat	measurements	and	calculate	a	mean?	■	How	will	you	record	your	results?	(You	can	sketch	out	a	results	chart,	ready	to	fill	in.)	■	How	will	you	display	your	results?	(You	can	sketch	the	axes	of	the	graph	you	plan



to	draw.)	■	What	will	your	results	be	if	your	hypothesis	is	correct?	(You	can	sketch	the	shape	of	the	graph	you	think	you	will	get.)	Original	material	©	Cambridge	University	Press	2017	Cambridge	IGCSE	Combined	and	Co-ordinated	Sciences	3	Once	you	have	approval	from	your	teacher,	you	should	do	your	experiment.	Most	scientific	researchers	find
that	they	want	to	make	changes	to	their	experiment	once	they	actually	begin	doing	it.	This	is	a	good	thing	to	do.	Make	careful	notes	about	all	the	changes	that	you	make.	4	Finally,	write	up	your	experiment	in	the	usual	way,	including:	■	a	heading,	and	the	hypothesis	that	you	tested	■	a	diagram	of	the	apparatus	that	you	used,	and	a	full	description	of
your	method	■	a	neat	and	carefully	headed	table	of	results,	including	means	if	you	decided	to	do	repeats	■	a	neat	and	carefully	headed	line	graph	of	your	results	■	a	conclusion,	in	which	you	say	whether	or	not	your	results	support	your	hypothesis	■	a	discussion,	in	which	you	use	what	you	know	about	photosynthesis	to	try	to	explain	the	pattern	in
your	results	■	an	evaluation	of	the	reliability	of	your	data	■	an	evaluation	of	your	method.	Summary	You	should	know:	46	■	■	■	the	equation	for	photosynthesis	the	role	of	chlorophyll	in	photosynthesis	■	the	structure	of	a	leaf	■	how	a	leaf	is	adapted	to	carry	out	photosynthesis	efficiently	■	how	a	plant	uses	and	stores	the	carbohydrates	made	in
photosynthesis	■	why	plants	need	nitrate	ions	and	magnesium	ions	how	to	test	a	leaf	for	starch	■	how	to	do	experiments	to	investigate	the	need	for	chlorophyll,	light	and	carbon	dioxide	for	photosynthesis	■	about	the	importance	of	a	control	in	an	experiment	■	how	to	investigate	the	effect	of	light	intensity	on	the	rate	of	photosynthesis.	End-of-
chapter	questions	1	Copy	and	complete	this	table	to	show	how,	and	for	what	purpose,	plants	obtain	these	substances.	Obtained	from	Used	for	Nitrates	Water	Magnesium	Carbon	dioxide	2	Explain	the	difference	between	each	of	these	pairs	of	terms.	a	chloroplast	and	chlorophyll	b	palisade	mesophyll	and	spongy	mesophyll	c	organic	substances	and
inorganic	substances	d	guard	cell	and	stoma	3	a	Write	the	word	equation	for	photosynthesis.	b	Describe	how	a	leaf	obtains	the	two	substances	on	the	left	hand	side	of	your	equation.	c	Describe	what	happens	to	the	two	substances	on	the	right	hand	side	of	your	equation.	Original	material	©	Cambridge	University	Press	2017	B4:	Plant	nutrition	4
Explain	how	each	of	the	following	helps	a	leaf	to	photosynthesise.	a	There	is	an	air	space	behind	each	stoma.	b	The	epidermal	cells	of	a	leaf	do	not	have	chloroplasts.	c	Leaves	have	a	large	surface	area.	d	The	veins	in	a	leaf	branch	repeatedly.	5	Which	carbohydrate	does	a	plant	use	for	each	of	these	purposes?	Explain	why.	a	transport	b	storage	6	A
student	did	an	experiment	with	two	potted	plants,	each	of	which	had	been	enclosed	in	a	transparent	polythene	bag	for	a	period	of	two	days.	During	this	time,	the	plants	were	exposed	to	bright	light.	In	one	of	the	polythene	bags	there	was	a	chemical	which	absorbs	carbon	dioxide.	Both	plants	had	part	of	their	leaves	covered	with	black	paper,	as	shown
in	the	diagram	below.	transparent	polythene	bag	black	paper	chemical	to	absorb	carbon	dioxide	47	soil	plant	B	plant	A	One	leaf	was	removed	from	each	plant,	and	labelled	drawings	of	the	two	leaves	were	made	as	shown	below.	uncovered	part	uncovered	part	part	covered	with	black	paper	part	covered	with	black	paper	leaf	from	plant	A	with	chemical
that	absorbs	carbon	dioxide	leaf	from	plant	B	without	chemical	that	absorbs	carbon	dioxide	Both	leaves	were	then	tested	for	starch.	•	•	•	•	•	The	black	paper	was	removed	from	each	leaf.	The	leaves	were	placed	in	hot	water	for	two	minutes.	The	leaves	were	removed	from	the	hot	water,	and	placed	in	a	test-tube	of	hot	alcohol	for	five	minutes.	The
leaves	were	dipped	briefly	back	into	the	hot	water.	The	leaves	were	spread	out	on	a	white	tile,	and	covered	with	iodine	solution.	a	Make	a	copy	of	the	diagrams	of	the	two	leaves.	Label	the	different	areas	of	each	leaf	to	show	the	colours	that	you	would	expect	to	see	after	each	leaf	had	been	treated	with	iodine	solution.	b	In	the	starch	test,	explain	the
reasons	for	i	placing	the	leaf	in	the	hot	water	at	the	beginning,	ii	placing	the	leaf	in	hot	alcohol	[3]	[1]	[1]	(continued)	Original	material	©	Cambridge	University	Press	2017	Cambridge	IGCSE	Combined	and	Co-ordinated	Sciences	c	i	The	purpose	of	the	experiment	with	the	black	paper	was	to	see	if	light	is	needed	for	photosynthesis.	However,	another
student	criticised	this	experiment,	saying	that	the	black	paper	might	have	prevented	photosynthesis	by	preventing	gas	exchange.	Suggest	a	modification	of	the	experiment	that	would	overcome	this	criticism.	ii	Another	modification	of	the	experiment	would	be	to	use	just	one	plant,	and	enclose	different	part-covered	leaves	on	this	plant	with	and
without	the	chemical	that	absorbs	carbon	dioxide.	Explain	why	this	might	be	considered	to	be	a	better	experiment.	d	Describe	an	experiment	that	you	could	do	to	show	that	chlorophyll	in	a	leaf	is	needed	for	photosynthesis.	[1]	[1]	[3]	[Cambridge	IGCSE	Co-ordinated	Sciences	0654	Paper	62	Q1	June	2013]	7	The	diagram	shows	a	section	through	a	leaf.
A	B	C	H	48	D	G	F	E	a	Give	the	letters	that	indicate	i	a	stoma,	ii	the	cuticle	and	iii	a	vascular	bundle.	b	i	The	upper	layers	of	a	leaf	are	transparent.	Suggest	an	advantage	to	a	plant	of	this	feature.	ii	The	cuticle	is	made	of	a	waxy	material.	Suggest	an	advantage	to	a	plant	of	this	feature.	iii	State	two	functions	of	vascular	bundles	in	leaves.	c	Most
photosynthesis	in	plants	happens	in	leaves.	i	Name	the	two	raw	materials	needed	for	photosynthesis.	ii	Photosynthesis	produces	glucose.	Describe	how	plants	make	use	of	this	glucose.	[3]	[1]	[1]	[2]	[2]	[4]	Adapted	from	[Cambridge	IGCSE	Biology	0610	Paper	21	Q4	November	2010]	Original	material	©	Cambridge	University	Press	2017	C9	Industrial
inorganic	chemistry	This	chapter	covers:	■	the	production	of	iron	in	the	blast	furnace	■	steel	making	■	rusting	of	iron	and	barrier	methods	for	its	prevention	■	sacrificial	protection	and	galvanization	as	rust	prevention	methods	■	the	extraction	of	aluminium	■	the	Haber–Bosch	process	for	the	manufacture	of	ammonia	■	the	manufacture	and	use	of
fertilisers	■	the	manufacture	of	sulfuric	acid	■	the	commercial	electrolysis	of	brine	■	limestone	and	its	uses	■	the	production	of	lime	and	its	uses	■	recycling.	Original	material	©	Cambridge	University	Press	2017	343	Cambridge	IGCSE	Combined	and	Co-ordinated	Sciences	C9.01 The	extraction	of	metals	by	carbon	reduction	Iron	and	steel	In	our
modern	world,	we	have	invented	and	shaped	many	machines	and	clever	devices.	These	are	often	made	of	steel.	It	is	the	most	widely	used	of	all	metals.	The	durability,	tensile	strength	and	low	cost	of	steel	make	it	the	basis	of	countless	industries,	from	ship-building	to	watch-making.	Iron	and	steel	making	are	at	the	centre	of	our	heavy	industries.	Steel
is	mainly	iron	with	between	0.2	and	1.5%	carbon.	The	carbon	makes	the	iron	harder	and	stronger.	Small	quantities	of	other	transition	metals	can	also	be	added	to	make	special	steels.	Steels	are	alloys	in	which	the	main	metal	is	iron.	The	magnetic	properties	of	iron	make	it	easy	to	separate	steel	products	from	other	waste,	so	the	metal	can	be	easily
recycled.	waste	gas	to	heat	exchanger,	to	heat	incoming	air	limestone,	coke,	iron	ore	sealing	valves	walls	of	heatresistant	magnesium	oxide	bricks,	cooled	by	water	hot	air	hot	air	molten	slag	molten	iron	The	production	of	iron	in	the	blast	furnace	344	The	main	ore	of	iron	is	hematite	(Fe2O3).	The	iron	is	obtained	by	reduction	with	carbon	in	a	blast
furnace	(Image C9.01	and	Figure C9.01).	The	furnace	is	a	steel	tower	about	30	metres	high.	It	is	lined	with	refractory	(heat‑resistant)	bricks	of	magnesium	oxide	which	are	cooled	by	water.	The	furnace	is	loaded	with	the	‘charge’,	which	consists	of	iron	ore,	coke	(a	form	of	carbon	made	from	coal)	and	limestone	(calcium	carbonate).	The	charge	is
sintered	(the	ore	is	heated	with	coke	and	limestone)	to	make	sure	the	solids	mix	well,	and	it	is	mixed	with	more	coke.	Blasts	of	hot	air	are	sent	in	through	holes	near	the	bottom	of	the	furnace.	The	carbon	burns	in	the	air	blast	and	the	furnace	gets	very	hot.	Figure C9.01 	The	blast	furnace	reduction	of	iron	ore	to	iron.	A	series	of	chemical	reactions
takes	place	to	produce	molten	iron	(Figure C9.02).	The	most	important	reaction	that	occurs	is	the	reduction	of	the	ore	by	carbon	monoxide:	Fe2O3(s) + 3CO(g)	2Fe(s) + 3CO2(g)	The	iron	produced	flows	to	the	bottom	of	the	furnace	where	it	can	be	‘tapped	off’	because	the	temperature	at	the	bottom	of	the	furnace	is	higher	than	the	melting	point	of
iron.	One	of	the	major	impurities	in	iron	ore	is	sand	(silica,	SiO2).	The	limestone	added	to	the	furnace	helps	to	remove	this	impurity.	The	limestone	decomposes	to	lime	in	the	furnace.	This	then	reacts	with	the	silica:	limestone	heat	CaCO3(s)	heat	lime	lime	+	carbon	dioxide	CaO(s)	+	+	silica	CaO(s)	+	SiO2(s)	CO2(g)	calcium	silicate	CaSiO3(l)	The
calcium	silicate	formed	is	also	molten.	It	flows	down	the	furnace	and	forms	a	molten	layer	of	slag	on	top	of	the	iron.	It	does	not	mix	with	the	iron,	as	it	is	Image C9.01 	A	worker	in	protective	clothing	takes	a	sample	less	dense.	The	molten	slag	is	‘tapped	off’	separately.	from	a	blast	furnace	in	a	steel	works.	Original	material	©	Cambridge	University
Press	2017	C9:	Industrial	inorganic	chemistry	Steel-making	The	iron	ore	is	reduced	by	carbon	monoxide	(temperature	about	600	ºC).	The	iron	produced	by	the	blast	furnace	is	known	as	‘pig	iron’	or	‘cast	iron’	and	is	not	pure.	It	contains	about	4%	carbon,	and	other	impurities.	This	amount	of	carbon	makes	the	iron	brittle.	carbon	iron	+	dioxide	2Fe	+
3CO2	Carbon	dioxide	is	reduced	as	it	rises	through	the	furnace	–	carbon	monoxide	is	produced	(temperature	about	1000	ºC).	carbon	carbon	+	carbon	monoxide	dioxide	2CO	CO2	+	C	Molten	iron	flows	down	the	furnace.	Hot	gases	rise	up	the	furnace.	iron(III)	carbon	+	oxide	monoxide	Fe2O3	+	3CO	Carbon	burns	strongly	at	the	base	of	the	furnace
(temperatures	reach	1900	ºC).	carbon	+	oxygen	carbon	dioxide	C	+	O2	CO2	Figure C9.02 	Iron	is	produced	in	the	blast	furnace	by	a	series	of	reactions.	Carbon	monoxide	is	thought	to	be	the	main	reducing	agent.	Most	of	the	pig	iron	produced	is	taken	to	make	steel.	The	carbon	content	is	reduced	by	burning	it	off	as	carbon	dioxide.	This	basic	oxygen
process	is	carried	out	in	a	tilting	furnace	(Figure C9.03).	Scrap	steel	is	added	to	the	molten	pig	iron	for	recycling.	A	high-speed	jet	of	oxygen	is	blown	into	the	vessel	through	a	water‑cooled	lance.	Some	impurities,	for	example	silicon	and	phosphorus,	do	not	produce	gaseous	oxides,	so	lime	(CaO)	is	added	to	the	furnace.	The	impurities	form	a	‘slag’,
which	floats	on	top	of	the	molten	iron.	The	molten	iron	is	poured	off	by	tilting	the	furnace.	Controlled	amounts	of	other	elements	such	as	chromium,	manganese,	tungsten	or	other	transition	metals	are	added	to	make	different	types	of	steel	(see	Tables	C9.01	and	C9.02).	345	The	hot	waste	gases	escape	from	the	top	of	the	furnace.	They	are	used	in	heat
exchangers	to	heat	the	incoming	air.	This	helps	to	reduce	the	energy	costs	of	the	process.	The	extraction	of	iron	is	a	continuous	process.	a	fumecollecting	hood	water-cooled	oxygen	lance	The	blast	furnace	extraction	of	iron:	■	uses	iron	ore,	coke,	limestone	and	hot	air	■	involves	the	reduction	of	iron(iii)	oxide	by	carbon	monoxide	■	uses	limestone	to
remove	the	main	impurity	(sand)	as	slag	(calcium	silicate).	oxygen	b	scrap	steel	molten	iron	and	scrap	steel,	lime	molten	iron	c	slag	slag	molten	steel	Tip	For	the	blast	furnace	it	is	important	that	you	are	aware	of	the	different	aspects	of	how	it	works.	You	should	be	able	to	label	a	diagram	of	it	and	know	what	is	fed	into	it.	Importantly,	you	should	also
know	the	key	reactions	of	the	furnace,	including	the	formation	of	slag.	Figure C9.03 	The	different	stages	of	the	steel-making	process	(the	basic	oxygen	process).	a	The	furnace	is	charged	with	scrap	steel	and	molten	iron.	b	Oxygen	is	blown	in	through	an	‘oxygen	lance’.	c	The	molten	steel,	and	then	the	slag,	are	poured	from	the	furnace	by	tilting	it	in
different	directions.	Original	material	©	Cambridge	University	Press	2017	Cambridge	IGCSE	Combined	and	Co-ordinated	Sciences	Metal	Carbon	content	/	%	Properties	Uses	cast	iron	2.5–4.5	cheaper	than	steel;	easily	moulded	gear	boxes,	engine	blocks,	brake	discs	mild	steel	<	0.25	easily	worked;	not	brittle	car	bodies,	chains,	pylons	medium	steel
0.25–0.45	tougher	than	mild	steel	car	springs,	axles,	bridges	high-carbon	steel	0.45–1.5	hard	and	brittle	chisels,	cutting	tools,	razor	blades	Table C9.01 	Cast	iron	and	carbon	steels.	Steele(a)	stainless	steel	Typical	composition	iron	74%	chromium	18%	nickel	tungsten	steel	Uses	tough;	does	not	corrode	cutlery,	surgical	instruments,	kitchen	sinks,
chemical	plant	tough;	hard,	even	at	high	temperatures	edges	of	high-speed	cutting	tools	tough;	springy	drill	bits,	springs	8%	iron	95%	tungsten	5%	manganese	steel	iron	87%	manganese	(a)	Properties	13%	All	these	alloys	have	a	low	content	of	carbon	(<	0.45%).	Table C9.02 	Some	typical	alloy	steels.	Carbon	steels	and	alloy	steels	346	There	is	a	wide
variety	of	steels	to	suit	particular	applications.	Some	steels	are	alloys	of	iron	and	carbon	only.	The	amount	of	carbon	in	steels	can	vary	between	0.2%	and	1.5%.	These	carbon	steels,	which	include	the	mild	steel	used	for	car	bodies,	are	listed	in	Table C9.01.	But	carbon	steels	tend	to	rust	unless	protected.	So	other	metals,	for	example	chromium,	are
added	to	prevent	corrosion	and	to	make	the	steel	harder.	Some	of	these	alloy	steels	are	listed	in	Table C9.02.	Rust	is	a	red-brown	powder	consisting	mainly	of	hydrated	iron(iii)	oxide	(Fe2O3 · xH2O).	Water	and	oxygen	are	essential	for	iron	to	rust	(Figure C9.04).	Tube	1	(control	experiment)	Tube	2	Tube	3	air	air	dry	air	The	syllabus	very	clearly	states
some	examples	of	the	major	uses	of	mild	and	stainless	steel.	Make	sure	that	you	are	aware	of	these.	rusty	iron	nails	The	uses	of	other	substances	are	also	explicitly	stated	in	the	syllabus	–	so	go	through	and	make	a	list	of	these	and	specifically	learn	them.	distilled	water	When	a	metal	is	attacked	by	air,	water	or	other	surrounding	substances,	it	is	said
to	corrode.	In	the	case	of	iron	and	steel,	the	corrosion	process	is	also	known	as	rusting.	Rusting	is	a	serious	economic	problem.	Large	sums	of	money	are	spent	each	year	replacing	damaged	iron	and	steel	structures,	or	protecting	structures	from	such	damage.	pure	oxygen	layer	of	olive	oil	(prevents	air	dissolving	in	the	water)	Tip	The	rusting	of	iron
and	its	prevention	Tube	4	very	rusty	iron	nails	distilled	water	anhydrous	calcium	chloride	(drying	agent)	boiled	distilled	water	(boiled	to	remove	any	dissolved	air)	Figure C9.04 	The	results	of	an	experiment	to	investigate	the	factors	that	are	involved	in	rusting.	In	tube	2,	the	air	is	dry,	so	the	nails	do	not	rust.	In	tube	3,	there	is	no	oxygen	in	the	water,
so	the	nails	do	not	rust.	In	tube	4,	pure	oxygen	and	water	are	present,	so	the	nails	are	very	rusty.	Original	material	©	Cambridge	University	Press	2017	C9:	Industrial	inorganic	chemistry	film,	preventing	rusting.	Again,	the	treatment	must	be	repeated	to	continue	the	protection.	•	Plastic	coatings:	These	are	used	to	form	a	protective	layer	on	items
such	as	refrigerators	and	garden	chairs.	The	plastic	poly(vinyl	chloride),	PVC,	is	often	used	for	this	purpose.	Image C9.02 	Photograph	of	the	highly	rusted	bow	of	the	Titanic	taken	from	a	submersible.	The	problem	is	made	worse	by	the	presence	of	salt;	seawater	increases	the	rate	of	corrosion.	Pictures	from	the	seabed	of	the	wreck	of	the	Titanic	show
that	it	has	a	huge	amount	of	rust	(see	Image	C9.02).	Acid	rain	also	increases	the	rate	at	which	iron	objects	rust.	Aluminium	is	more	reactive	than	iron,	but	it	does	not	corrode	in	the	damaging	way	that	iron	does.	Both	metals	react	with	air.	In	the	case	of	aluminium,	a	very	thin	single	layer	of	aluminium	oxide	forms,	which	sticks	strongly	to	the	surface	of
the	metal.	This	micro-layer	seals	the	metal	surface	and	protects	it	from	further	attack.	In	contrast,	when	iron	corrodes,	the	rust	forms	in	flakes.	It	does	not	form	a	single	layer.	The	attack	on	the	metal	can	continue	over	time	as	the	rust	flakes	come	off.	Indeed,	a	sheet	of	iron	can	be	eaten	right	through	by	the	rusting	process.	•	Electroplating:	An	iron	or
steel	object	can	be	electroplated	with	a	layer	of	chromium	or	tin	to	protect	against	rusting.	A	‘tin	can’	is	made	of	steel	coated	on	both	sides	with	a	fine	layer	of	tin.	Tin	is	used	because	it	is	unreactive	and	non-toxic.	However,	this	does	raise	a	problem.	With	both	these	metals,	if	the	protective	layer	is	broken,	then	the	steel	beneath	will	begin	to	rust.	•
Galvanising:	An	object	may	be	coated	with	a	layer	of	the	more	reactive	metal,	zinc.	This	is	called	galvanising.	It	has	the	advantage	over	other	plating	methods	in	that	the	protection	still	works	even	if	the	zinc	layer	is	badly	scratched.	•	Sacrificial	protection:	This	is	a	method	of	rust	prevention	in	which	blocks	of	a	reactive	metal	are	attached	to	the	iron
surface.	Zinc	or	magnesium	blocks	are	attached	to	oil	rigs	and	to	the	hulls	of	ships	(Figure C9.05).	These	metals	are	more	reactive	than	iron	and	will	be	corroded	in	preference	to	it.	Underground	gas	and	water	pipes	are	connected	by	wire	to	blocks	of	magnesium	to	obtain	the	same	protection.	In	all	cases,	an	electrochemical	cell	is	set	up.	The	metal
blocks	lose	electrons	in	preference	to	the	iron	and	so	prevent	the	iron	forming	iron(iii)	oxide.	ship’s	hull	made	of	steel	(mainly	iron)	Rust	prevention	The	need	to	protect	iron	and	steel	from	rusting	has	led	to	many	methods	being	devised.	Some	of	these	are	outlined	here.	•	Painting:	This	method	is	widespread,	and	is	used	for	objects	ranging	in	size	from
ships	and	bridges	to	garden	gates.	Painting	only	protects	the	metal	as	long	as	the	paint	layer	is	unscratched.	Regular	re-painting	is	often	necessary	to	keep	this	protection	intact.	•	Oiling	and	greasing:	The	oiling	and/or	greasing	of	the	moving	parts	of	machinery	forms	a	protective	water	zinc	bar	2e–	zinc	(Zn)	Zn2+	iron	(Fe)	hull	Figure C9.05 	Blocks	of
zinc	(or	magnesium)	are	used	for	the	sacrificial	protection	of	the	hulls	of	ships.	Original	material	©	Cambridge	University	Press	2017	347	Cambridge	IGCSE	Combined	and	Co-ordinated	Sciences	electrical	wiring,	it	must	be	refined	(purified)	by	electrolysis	(see	Section	C4.05).	activity	C9.01	 	Preventing	rusting	Skills:	questions	AO3.1	Demonstrate
knowledge	of	how	to	safely	use	techniques,	apparatus	and	materials	(including	following	a	sequence	of	instructions	where	appropriate)	AO3.2	Plan	experiments	and	investigations	AO3.3	Make	and	record	observations,	measurements	and	estimates	AO3.4	Interpret	and	evaluate	experimental	observations	and	data	In	this	activity,	iron	nails	are
protected	from	rusting	using	a	variety	of	methods,	including	painting,	greasing	and	sacrificial	protection.	By	using	corrosion	indicator	solution,	the	effectiveness	of	the	different	types	of	protection	can	be	assessed.	A	worksheet,	with	a	self-assessment	checklist,	is	included	on	the	CD-ROM.	The	extraction	of	copper	348	Copper	is	less	reactive	than	the
other	metals	we	have	considered	so	far.	It	can	be	found	native	in	the	USA,	but	most	copper	is	extracted	from	copper	pyrites,	CuFeS2.	The	copper	produced	from	this	ore	is	suitable	for	piping,	boilers	and	cooking	utensils.	When	it	is	to	be	used	for	C9.01	Why	is	limestone	added	to	the	blast	furnace?	C9.02	Write	an	equation	for	the	reduction	of	iron(iii)
oxide.	C9.03	Which	element	is	used	to	remove	the	carbon	from	cast	iron?	C9.04	Why	is	chromium	sometimes	added	to	steel?	C9.05	Which	two	substances	are	essential	for	the	rusting	of	iron?	C9.06	Give	two	ways	in	which	zinc	can	be	used	to	stop	the	rusting	of	iron.	C9.02 The	extraction	of	metals	by	electrolysis	Reduction	with	carbon	does	not	work
for	more	reactive	metals.	The	metals	are	held	in	their	compounds	(oxides	or	chlorides)	by	stronger	bonds	which	need	a	lot	of	energy	to	break	them.	This	energy	is	best	supplied	by	electricity.	Extracting	metals	in	this	way	is	a	three‑stage	process:	•	mining	the	ore	•	purification	of	the	ore	•	electrolysis	of	the	molten	ore.	activity	C9.02	 	The	extraction	of
copper	and	the	reactivity	series	Skills:	AO3.1	Demonstrate	knowledge	of	how	to	safely	use	techniques,	apparatus	and	materials	(including	following	a	sequence	of	instructions	where	appropriate)	AO3.3	Make	and	record	observations,	measurements	and	estimates	AO3.4	Interpret	and	evaluate	experimental	observations	and	data	This	activity	explores
the	reactivities	of	copper,	hydrogen	and	carbon	using	microscale	apparatus.	The	aim	is	to	see	whether	copper(ii)	oxide	can	be	reduced	to	copper	by	either	hydrogen	or	carbon.	A	worksheet	is	included	on	the	CD-ROM.	Details	of	a	scaled-up	version	of	this	experiment	are	given	in	the	Notes	on	activities	for	teachers/	technicians.	The	extraction	of	a
metal	by	electrolysis	is	expensive.	Energy	costs	to	keep	the	ore	molten	and	to	separate	the	ions	can	be	very	high.	Because	of	this,	many	of	these	metals	are	extracted	in	regions	where	hydroelectric	power	is	available.	Aluminium	plants	are	the	most	important	examples.	They	produce	sufficient	aluminium	to	make	it	the	second	most	widely	used	metal
after	iron.	The	extraction	of	aluminium	Bauxite,	the	major	ore	of	aluminium,	takes	its	name	from	the	mediaeval	village	of	Les	Baux	in	France,	where	it	was	first	mined.	Napoleon	III	saw	its	possibilities	for	military	purposes	and	ordered	studies	on	its	commercial	production.	A	method	of	extraction	using	sodium	to	displace	aluminium	from	aluminium
chloride	existed	at	that	time.	However,	in	1886,	the	Hall–Héroult	electrolytic	method	for	extracting	aluminium	was	invented	by	Hall	(an	American)	and	Héroult	(a	Frenchman).	Original	material	©	Cambridge	University	Press	2017	C9:	Industrial	inorganic	chemistry	+	+	alumina	hopper	anode	+	frozen	crust	hood	molten	electrolyte	containing	alumina
steel	shell	carbon	block	lining	anode	+	liquid	aluminium	–	Image C9.03 	The	major	ore	of	aluminium	is	bauxite.	It	is	usually	mixed	with	iron(ııı)	oxide,	which	gives	the	ore	its	brown	colour.	The	Hall–Héroult	process	The	Hall–Héroult	process	involves	the	following	stages.	1	The	bauxite	is	treated	with	sodium	hydroxide	to	obtain	pure	aluminium	oxide
(alumina).	The	alumina	produced	is	shipped	to	the	electrolysis	plant.	2	The	purified	aluminium	oxide	(Al2O3)	is	dissolved	in	molten	cryolite	(sodium	aluminium	fluoride,	Na3AlF6).	Cryolite	is	a	mineral	found	naturally	in	Greenland.	It	is	no	longer	mined	commercially	there,	and	all	the	cryolite	now	used	is	made	synthetically.	Cryolite	is	used	to	lower	the
working	temperature	of	the	electrolytic	cell.	The	melting	point	of	aluminium	oxide	is	2030 °C.	This	is	reduced	to	900–1000 °C	by	dissolving	it	in	cryolite.	The	cryolite	thus	provides	a	considerable	saving	in	energy	costs.	3	The	molten	mixture	of	aluminium	oxide	and	cryolite	is	electrolysed	in	a	cell	fitted	with	graphite	electrodes	(Figure C9.06).
Aluminium	ions	are	attracted	to	the	cathode	where	they	are	discharged	to	form	liquid	aluminium	metal:	Al	–	Figure C9.06 	A	cross-section	of	the	electrolytic	cell	for	Al.	extracting	aluminium.	At	the	cathode:	Al3+ + 3e–	O2 + 4e–.	At	the	anode:	2O2–	the	cell	this	reacts	with	the	carbon	of	the	anode	to	form	carbon	dioxide:	carbon	+	oxygen	Bauxite
(Image C9.03)	is	an	impure	form	of	aluminium	oxide.	Up	to	25%	of	bauxite	consists	of	the	impurities	iron(iii)	oxide	and	sand.	The	iron(iii)	oxide	gives	it	a	red‑brown	colour.	Al3+ + 3e–	carbon	cathode	brick	insulation	C(s)	+	O2(g)	heat	carbon	dioxide	heat	CO2(g)	The	anodes	burn	away	and	have	to	be	replaced	regularly.	The	Hall–Héroult	process	uses
a	great	deal	of	energy.	It	is	also	costly	to	replace	the	anodes,	which	are	burnt	away	during	the	process.	It	is	much	cheaper	to	recycle	the	metal	than	to	manufacture	it.	The	energy	requirement	for	recycling	is	about	5%	of	that	needed	to	manufacture	the	same	amount	of	‘new’	metal.	Electroplating	and	copper	refining	When	electrolytic	cells	are	set	up
with	appropriate	metal	electrodes,	metal	can	be	effectively	transferred	from	the	anode	to	the	cathode.	Such	methods	can	be	used	to	plate	objects	with	metals	such	as	chromium	or	tin,	or	to	refine	copper	to	a	very	high	degree	of	purity.	questions	C9.07	Why	is	aluminium	expensive	to	extract?	C9.08	Why	is	cryolite	added	to	the	cell	as	well	as	alumina?
C9.09	Why	do	the	anodes	need	replacing	regularly?	C9.10	Write	an	equation	for	the	reaction	at	the	cathode.	C9.11	Aluminium	is	a	reactive	metal.	Why,	then,	is	it	Oxide	ions	are	attracted	to	the	anode	where	they	are	useful	for	window	frames	and	aircraft?	discharged	to	form	oxygen	gas.	At	the	high	temperature	of	Original	material	©	Cambridge
University	Press	2017	349	Cambridge	IGCSE	Combined	and	Co-ordinated	Sciences	C9.03 	Ammonia	and	fertilisers	is	important	for	agriculture.	Most	plants	cannot	directly	use	(or	fix)	nitrogen	from	the	air.	The	main	purpose	of	industrial	manufacture	of	manufacture	of	ammonia	is	to	make	agricultural	fertilisers.	Ammonia	has	the	following	general
properties	as	a	gas:	In	the	Haber	process	(Figure C9.07),	nitrogen	and	hydrogen	are	directly	combined	to	form	ammonia:	■	colourless	■	distinctive	smell	■	less	dense	than	air	■	very	soluble	in	water	to	give	an	alkaline	solution.	As	a	raw	material	for	both	fertilisers	and	explosives,	ammonia	played	a	large	part	in	human	history.	It	helped	to	feed	a
growing	population	in	peacetime,	and	it	was	used	to	manufacture	explosives	in	wartime.	Nitrogen	is	an	unreactive	gas,	and	changing	it	into	compounds	useful	for	plant	growth	(nitrogen	fixation)	nitrogen	+	hydrogen	ammonia	N2(g)	+	3H2(g)	2NH3(g)	Nitrogen	is	obtained	from	air,	and	hydrogen	from	natural	gas	by	reaction	with	steam.	The	two	gases
are	mixed	in	a	1 : 3	ratio	and	compressed	to	200	atmospheres.	They	are	then	passed	over	a	series	of	catalyst	beds	containing	finely	divided	iron.	The	temperature	of	the	converter	is	about	450 °C.	The	reaction	is	reversible	and	does	not	go	to	completion.	A	mixture	of	nitrogen,	hydrogen	and	ammonia	leaves	the	converter.	The	proportion	of	pump	N2,	H2
350	beds	of	catalyst	pump	compressor	converter	gases	mixed	and	scrubbed	N2,	H2,	NH3	N2,	H2	cooler	pump	N2	H2	storage	tanks	liquid	ammonia	Figure C9.07 	A	schematic	drawing	of	the	different	stages	of	the	Haber	process.	Nitrogen	and	hydrogen	are	mixed	in	a	ratio	of	1 : 3	at	the	start	of	the	process.	Original	material	©	Cambridge	University
Press	2017	C9:	Industrial	inorganic	chemistry	ammonia	in	the	mixture	is	about	15%.	This	is	separated	from	the	other	gases	by	cooling	the	mixture.	Ammonia	has	a	much	higher	boiling	point	than	nitrogen	or	hydrogen,	so	it	condenses	easily.	The	unchanged	nitrogen	and	hydrogen	gases	are	re-circulated	over	the	catalyst.	By	re-circulating	in	this	way,
an	eventual	yield	of	98%	can	be	achieved.	The	ammonia	produced	is	stored	as	a	liquid	under	pressure.	The	ammonium	nitrate	can	be	crystallised	into	pellet	form	suitable	for	spreading	on	the	land.	Tip	Ammonium	nitrate	is	soluble	in	water,	as	are	all	other	ammonium	salts,	for	example	ammonium	sulfate,	(NH4)2SO4.	This	solubility	is	important
because	plants	need	soluble	nitrogen	compounds	that	they	can	take	up	through	their	roots.	There	are	two	types	of	nitrogen	compounds	that	plants	can	use	–	ammonium	compounds	(which	contain	the	NH4+	ion)	and	nitrates	(which	contain	the	NO3–	ion).	Ammonium	nitrate	provides	these	ions.	For	the	Haber	process,	and	the	Contact	process	for
making	sulfuric	acid,	it	is	important	that	you	know	the	conditions	used	and	how	these	are	chosen.	Remember	these	are	both	reversible	reactions	that	reach	an	equilibrium	under	the	conditions	used	(see	Section	C7.05).	Ammonium	salts	tend	to	make	the	soil	slightly	acidic.	To	overcome	this,	they	can	be	mixed	with	chalk	(calcium	carbonate),	which	will
neutralise	this	effect.	‘Nitro-chalk’	is	an	example	of	a	compound	fertiliser.	Most	of	the	ammonia	produced	is	used	to	manufacture	fertilisers.	Liquid	ammonia	itself	can	in	fact	be	used	directly	as	a	fertiliser,	but	it	is	an	unpleasant	liquid	to	handle	and	to	transport.	The	majority	is	converted	into	a	variety	of	solid	fertilisers.	A	substantial	amount	of
ammonia	is	converted	into	nitric	acid	by	oxidation	(Figure C9.08).	Ammonium	nitrate	and	other	fertilisers	Ammonium	nitrate	(‘Nitram’)	is	the	most	important	of	the	nitrogenous	fertilisers.	It	contains	35%	by	mass	of	nitrogen.	It	is	produced	when	ammonia	solution	reacts	with	nitric	acid:	ammonia	+	nitric	acid	ammonium	nitrate	NH3(aq)	+	HNO3(aq)
NH4NO3(aq)	A	modern	fertiliser	factory	will	produce	two	main	types	of	product:	straight	N	fertilisers	are	solid	nitrogen-containing	fertilisers	sold	in	pellet	form,	for	example	ammonium	nitrate	(NH4NO3),	ammonium	sulfate	((NH4)2SO4)	and	urea	(CO(NH2)2)	■	NPK	compound	fertilisers	(Image C9.04)	are	mixtures	that	supply	the	three	most
essential	elements	lost	from	the	soil	by	extensive	use,	namely	nitrogen	(N),	phosphorus	(P)	and	potassium	(K).	They	are	usually	a	mixture	of	ammonium	nitrate,	ammonium	phosphate	and	potassium	chloride,	in	different	proportions	to	suit	different	conditions.	■	fertilisers	75%	nitric	acid	10%	others	10%	nylon	5%	Figure C9.08 	The	uses	of	ammonia
produced	by	the	Image C9.04 	Some	fertiliser	products;	note	the	three	Haber	process.	key	numbers	(N : P : K)	on	the	fertiliser	bags.	Original	material	©	Cambridge	University	Press	2017	351	Cambridge	IGCSE	Combined	and	Co-ordinated	Sciences	activity	C9.03	questions	 	Making	a	fertiliser	Skills:	C9.12	How	is	hydrogen	obtained	for	use	in	the
Haber	process?	AO3.1	Demonstrate	knowledge	of	how	to	safely	use	techniques,	apparatus	and	materials	(including	following	a	sequence	of	instructions	where	appropriate)	C9.13	What	conditions	are	needed	to	ensure	the	Haber	process	works	efficiently?	AO3.3	Make	and	record	observations,	measurements	and	estimates	C9.16	How	can	fertilisers
cause	pollution?	AO3.4	Interpret	and	evaluate	experimental	observations	and	data	The	introduction	of	the	Haber	process	revolutionised	agriculture	by	making	it	possible	to	manufacture	artificial	fertilisers.	An	example	is	ammonium	sulfate	and	it	is	made	in	this	activity	by	neutralising	sulfuric	acid	with	ammonia	solution:	H2SO4(aq) + 2NH3(aq) 	 
(NH4)2SO4(aq)	The	ammonium	sulfate	solution	can	be	concentrated	by	heating.	It	is	then	cooled	to	allow	crystals	to	form.	A	worksheet	is	included	on	the	accompanying	CD-ROM.	352	a	C9.14	Why	are	the	unreacted	gases	re-circulated?	C9.15	Why	do	many	fertilisers	contain	N,	P	and	K?	C9.04 	Sulfur	and	sulfuric	acid	Sulfuric	acid	is	a	major	product
of	the	chemical	industry.	It	is	made	from	sulfur	by	the	Contact	process.	Sulfur	is	burnt	in	air	to	form	sulfur	dioxide.	The	main	reaction	in	the	Contact	process	(Figure C9.09a)	is	the	one	in	which	sulfur	dioxide	and	oxygen	combine	to	form	sulfur	trioxide.	This	reaction	is	reversible.	The	conditions	needed	to	give	the	best	equilibrium	position	are	carefully
considered.	A	temperature	of	450 °C	and	1–2	atmospheres	pressure	are	used.	The	gases	are	passed	over	a	catalyst	of	vanadium(v)	oxide.	A	yield	of	98%	sulfur	trioxide	is	achieved.	b	air	sulfur	sulfur	burnt	to	form	sulfur	dioxide	S(s)	+	O2(g)	SO2(g)	air	gases	mixed	and	cleaned	by	electrostatic	precipitation	mixture	of	gases	reacted	2SO2(g)	+	O2(g)
2SO3(g)	conditions:	450ºC,	1–2	atmospheres,	vanadium(V)	oxide	catalyst	yield:	98%	SO3	SO3	dissolved	in	98%	H2SO4	SO3	+	H2SO4	H2S2O7	(or	SO3	+	H2O	H2SO4)	unreacted	gases	recycled	concentrated	sulfuric	acid	diluted	when	needed	Figure C9.09 	a	The	Contact	process	plant	at	Billingham,	Teesside,	in	the	UK.	b	A	flow	chart	for	making
sulfuric	acid	by	this	process.	Original	material	©	Cambridge	University	Press	2017	C9:	Industrial	inorganic	chemistry	fertilisers	questions	fibres	and	dyes	paints	and	pigments	C9.17	Write	an	equation	for	the	burning	of	sulfur.	C9.18	What	conditions	are	needed	to	convert	sulfur	dioxide	into	sulfur	trioxide?	C9.19	Why	is	sulfur	trioxide	not	reacted	with
water	to	make	sulfuric	acid?	tanning	leather	chemicals	and	plastics	sulfuric	acid	H2SO4	C9.05 The	chlor-alkali	industry	The	chlor-alkali	industry	is	a	major	branch	of	the	chemical	industry	that	has	been	built	up	around	a	single	electrolysis	reaction.	The	industry	is	centred	around	the	electrolysis	of	concentrated	sodium	chloride	solution	(brine).	soaps
and	detergents	cleaning	metals	Figure C9.10 	The	uses	of	sulfuric	acid.	The	overall	process	is	summarised	in	the	flow	chart	shown	in	Figure C9.09b.	The	sulfur	trioxide	produced	is	dissolved	in	98%	sulfuric	acid,	and	not	water,	in	order	to	prevent	environmental	problems	of	an	acid	mist	which	is	formed	if	sulfur	trioxide	is	reacted	directly	with	water.
The	reaction	between	sulfur	trioxide	and	water	is	extremely	exothermic.	The	solution	formed	means	that	the	acid	can	be	transported	in	concentrated	form	(98.5%	acid,	sometimes	known	as	oleum)	and	then	diluted	on-site.	Sulfuric	acid	is	important	for	the	fertiliser	industry	because	it	is	needed	to	make	ammonium	sulfate	and	phosphoric	acid.
Figure C9.10	summarises	the	various	uses	of	sulfuric	acid.	In	this	process,	chlorine	is	produced	at	the	anode	(positive	electrode)	and	hydrogen	is	produced	at	the	cathode	(negative	electrode).	Sodium	ions	from	the	sodium	chloride	and	hydroxide	ions	from	the	water	are	left	behind	as	sodium	hydroxide.	All	three	products	are	useful;	their	uses	are
summarised	in	Figure C9.11.	In	Britain,	the	industry	has	developed	around	the	Cheshire	salt	deposits.	In	this	region,	salt	is	brought	to	the	surface	by	both	underground	mining	and	solution	mining.	One	factory	in	Cheshire	uses	1%	of	the	entire	UK	electricity	output	just	to	electrolyse	brine.	We	have	seen	earlier	in	Chapter	C1	that	chlorine	is	used	on	a
large	scale	in	producing	a	clean	domestic	water	supply.	You	will	probably	also	be	familiar	with	its	similar	use	in	killing	microbial	organisms	in	swimming	pools.	Chlorine	has	a	wide	range	of	other	uses	in	industry.	Sodium	hydroxide	solution	alkaline	and	corrosive	Chlorine	a	poisonous,	yellow-green	gas	used	for	making	PVC	(poly(chloroethene))
solvents	for	dry-cleaning	(e.g.	trichloroethane)	paints	and	dyestuffs	bleaches,	weedkillers,	pesticides	hydrogen	chloride	and	hydrochloric	acid	also	used	for	killing	bacteria	in	the	water	supply	killing	bacteria	in	swimming	pools	ELECTROLYSIS	OF	BRINE	used	for	making	soaps	detergents	textiles	paper	Hydrogen	a	colourless,	flammable	gas	used	for
making	margarine	nylon	hydrogen	chloride	and	hydrochloric	acid	Figure C9.11 	The	chlor–alkali	industry.	Original	material	©	Cambridge	University	Press	2017	353	Cambridge	IGCSE	Combined	and	Co-ordinated	Sciences	powdered	clay	questions	powdered	limestone	C9.20	What	is	brine?	C9.21	Why	is	the	electrolysis	of	brine	such	an	important
process?	Kiln	rotates	to	mix	the	clay	and	limestone.	mix	C9.06 Limestone	Limestone	is	quarried	(Image C9.05)	in	large	amounts	world-wide.	It	has	a	wide	range	of	uses.	In	some	of	these,	the	limestone	is	used	directly;	in	others,	it	acts	as	a	raw	material	for	making	other	compounds.	Direct	uses	of	limestone	Powdered	limestone	is	often	used	to
neutralise	acid	soils	and	lakes	acidified	by	acid	rain.	It	is	cheaper	than	using	lime	(calcium	oxide),	which	has	to	be	produced	by	heating	limestone.	In	the	blast	furnace	for	the	extraction	of	iron,	limestone	is	used	to	remove	impurities	found	in	the	iron	ore	as	slag	(calcium	silicate).	354	Cement	is	made	by	heating	powdered	limestone	with	clay	in	a	rotary
kiln	(Figure C9.12).	Concrete	is	a	mixture	of	cement	and	aggregate	(stone	chippings	and	gravel),	which	give	it	body.	The	mixture	is	mixed	with	water	and	can	be	poured	into	wooden	moulds.	It	is	then	allowed	to	harden.	Reinforced	concrete	is	made	by	allowing	the	concrete	to	set	around	steel	rods	or	mesh	(Image C9.06).	Image C9.05 	A	limestone
quarry	in	Maizeret,	Belgium.	rotary	kiln	made	of	steel,	about	100	metres	long	As	the	kiln	rotates,	the	mixture	moves	along.	hot	gases	to	heat	the	kiln	Hot	clay	and	limestone	react	to	make	cement.	water	lumps	of	cement	crushed	stone	or	gravel	grind	to	powder	sand	bags	of	cement	concrete	mixer	ready	to	use	Figure C9.12 	Limestone	is	used	to	make
cement.	Image C9.06 	Construction	workers	using	a	pump	to	lay	concrete	around	a	mesh	of	metal	rods.	The	rods	will	strengthen	this	reinforced	concrete.	Original	material	©	Cambridge	University	Press	2017	C9:	Industrial	inorganic	chemistry	b	a	kiln	rotates	air	+	carbon	dioxide	limestone	in	hot	air	in	The	temperature	increases	as	the	limestone
travels	through	the	kiln.	quicklime	out	Figure C9.13 	a	A	functioning	rotary	lime	kiln	in	Belgium.	Note	the	heated	glow	at	the	far	end	of	the	kiln.	b	A	diagram	of	a	rotary	kiln.	The	manufacture	of	lime	(calcium	oxide)	Lime	(quicklime)	is	calcium	oxide	and	is	produced	by	roasting	limestone	in	a	lime	kiln	(Figure C9.13).	The	limestone	is	decomposed	by
heat:	calcium	carbonate	heat	CaCO3(s)	heat	calcium	oxide	+	carbon	dioxide	CaO(s)	+	CO2(g)	Lime	is	used	in	agriculture	to	neutralise	acid	soils.	It	is	used	with	sodium	carbonate	and	sand	in	making	glass.	Large	amounts	of	lime	are	converted	into	slaked	lime	(hydrated	lime),	which	is	calcium	hydroxide	(Ca(OH)2).	Equal	amounts	of	lime	and	water	are
mixed	to	produce	this	material.	Tip	Remember	that	the	reaction	involved	in	the	production	of	lime	is	an	example	of	thermal	decomposition.	The	calcium	carbonate	is	not	reacting	with	anything	else.	It	is	breaking	up	into	simpler	substances	because	of	the	high	temperature.	When	you	write	the	equation,	do	not	try	to	include	anything	else	on	the	left-
hand	side	of	the	equation.	questions	C9.24	C9.25	C9.26	Recycling	used	substances	is	good	for	three	reasons:	•	it	conserves	the	raw	materials	which	the	substances	were	made	from	•	it	often	uses	less	energy	to	recycle	something	than	would	be	needed	to	make	it	from	raw	materials	•	it	avoids	the	need	to	bury	the	substances	in	landfill	sites,	possibly
causing	pollution.	Many	metals	can	be	recycled.	Those	most	commonly	recycled	are	aluminium	and	steel.	Aluminium	This	metal	is	the	ideal	candidate	for	recycling	because	it	costs	so	much	to	extract	it	from	its	ore.	Using	recycled	aluminium	saves	95%	of	the	energy	needed	to	make	new	aluminium.	Recycling	one	aluminium	can	saves	enough	energy
to	run	a	television	for	3	hours.	Around	60%	of	the	aluminium	used	in	the	UK	and	50%	worldwide	is	recycled.	(aluminium)	Steel	Steel,	too,	is	cheaper	to	recycle	than	to	make	from	scratch	but	the	How	is	limestone	used	in	iron	production?	difference	in	cost	is	not	as	great	as	for	Write	an	equation	for	the	thermal	decomposition	aluminium.	However,	steel
is	easy	to	of	limestone.	recycle	because	it	is	magnetic	and	so	Write	the	chemical	formula	of	slaked	lime.	can	easily	be	separated	from	other	Give	two	important	uses	of	lime.	rubbish.	For	this	reason,	quite	a	lot	of	steel	is	recycled.	Original	material	©	Cambridge	University	Press	2017	C9.22	Why	is	limestone	sometimes	added	to	lakes?	C9.23	C9.07 
Recycling	metals	(steel)	355	Cambridge	IGCSE	Combined	and	Co-ordinated	Sciences	questions	C9.27	Why	is	the	recycling	of	aluminium	the	most	profitable	type	of	recycling?	C9.28	Saving	energy	is	one	reason	for	recycling.	What	other	reasons	are	there?	Summary	You	should	know:	■	356	the	chemistry	involved	in	the	production	of	iron	and	steel	●
the	reduction	of	iron	ore	(hematite)	in	the	blast	furnace	●	the	production	of	mild	steel	by	the	basic	oxygen	process	●	the	uses	of	different	types	of	steel	alloys	●	the	problem	of	the	rusting	of	iron	and	steel	structures	●	barrier	methods	of	preventing	the	rusting	of	iron	and	steel	●	the	use	of	sacrificial	protection	to	prevent	rusting	■	how	the	extraction
of	other	metals	is	linked	to	their	reactivity	●	the	extraction	of	aluminium	from	its	ore	(bauxite)	by	electrolysis	●	the	protective	oxide	layer	which	prevents	the	corrosion	of	aluminium	■	■	■	■	■	chemistry	involved	in	the	production	of	ammonia	by	the	Haber	process	●	the	use	of	ammonia	in	the	manufacture	of	fertilisers	●	the	importance	of	NPK
(nitrogen,	phosphorus	and	potassium)	fertilisers	the	chemistry	involved	in	the	production	of	sulfuric	acid	how	the	electrolysis	of	brine	forms	useful	products	about	the	importance	of	limestone	as	a	raw	material	●	the	production	of	lime	in	a	lime	kiln	●	the	uses	of	lime	and	slaked	lime	●	the	use	of	limestone	in	iron	production	and	to	make	cement	the
advantages	of	recycling.	End-of-chapter	questions	1	Apart	from	saving	money,	why	is	it	important	to	recycle	as	many	substances	as	possible?	2	A	farmer	uses	slaked	lime	(Ca(OH)2)	and	ammonium	sulfate	to	increase	the	fertility	of	his	fields.	a	What	type	of	soil	might	the	farmer	use	lime	on? 	b	Which	essential	element	will	ammonium	sulfate	add	to	the
soil? 	c	What	reaction	could	take	place	between	slaked	lime	and	ammonium	sulfate? 	Lime	(CaO)	is	manufactured	from	limestone	by	heating	it	strongly.	d	What	is	the	chemical	formula	of	limestone? 	e	Write	a	symbol	equation	for	the	reaction	which	occurs	when	limestone	is	changed	to	lime.	f	How	is	lime	changed	into	slaked	lime? 	Ammonium	sulfate	is
manufactured	by	reacting	ammonia	with	sulfuric	acid.	Ammonia	is	manufactured	by	the	Haber	process	and	sulfuric	acid	by	the	Contact	process.	g	Write	an	equation	for	the	main	reaction	in	the	Haber	process	and	give	the	conditions	used.	h	Write	an	equation	for	the	main	reaction	in	the	Contact	process	and	give	the	conditions	used.	Original	material
©	Cambridge	University	Press	2017	[1]	[1]	[2]	[1]	[2]	[1]	[4]	[4]	C9:	Industrial	inorganic	chemistry	3	The	diagram	shows	an	experiment	to	investigate	the	rusting	of	some	iron	nails.	A	B	C	air	air	air	iron	nail	iron	nail	iron	nail	coated	with	zinc	distilled	water	drying	agent	(calcium	chloride)	distilled	water	a	For	each	tube,	A,	B	and	C,	predict	whether	the
nails	will	rust.	In	each	case	give	a	reason.	b	Iron	from	the	blast	furnace	contains	impurities	such	as	carbon,	phosphorus,	silicon	and	sulfur.	Describe	how	the	level	of	these	impurities	is	decreased	when	steel	is	made	from	impure	iron.	c	State	a	use	for	stainless	steel.	[3]	[3]	[1]	[Cambridge	IGCSE	Chemistry	0620	Paper	2	Q7	a,	b	&	c	November	2009]	4
Iron	is	extracted	from	its	ore,	hematite,	in	the	blast	furnace.	waste	gases	firebrick	lining	raw	materials	coke,	C	iron	ore,	Fe2O3	limestone,	CaCO3	357	air	slag	molten	iron	Describe	the	reactions	involved	in	this	extraction.	Include	in	your	description	an	equation	for	a	redox	reaction	and	one	for	an	acid/base	reaction.	[5]	[Cambridge	IGCSE	Chemistry
0620	Paper	32	Q4	June	2011]	Original	material	©	Cambridge	University	Press	2017	Cambridge	IGCSE	Combined	and	Co-ordinated	Sciences	5	The	diagram	shows	a	basic	oxygen	converter.	This	is	used	to	convert	impure	iron	from	the	blast	furnace	into	steel.	During	this	process,	some	of	the	impurities	in	the	iron	are	converted	into	a	slag.	a	Label	a
copy	of	the	diagram	to	show	each	of	the	following:	i		where	the	oxygen	enters	ii	the	slag	iii	the	molten	steel.	b	In	the	converter,	the	oxygen	oxidises	sulfur,	carbon	and	phosphorus	to	their	oxides.	i	Explain	why	sulfur	dioxide	and	carbon	dioxide	are	easily	removed	from	the	converter.	ii	Explain	how	calcium	oxide	is	used	to	remove	phosphorus(v)	oxide
from	the	converter.	c	Stainless	steel	is	an	alloy.	i	Which	one	of	the	diagrams,	A,	B,	C	or	D,	best	represents	an	alloy? 	A	B	C	[3]	[1]	[3]	[1]	D	358	ii	State	one	use	of	stainless	steel.	[1]	[Cambridge	IGCSE	Chemistry	0620	Paper	21	Q7	June	2011]	6	Aluminium	is	extracted	by	the	electrolysis	of	aluminium	oxide.	+	positive	electrode	–	A	B	electrolyte
(aluminium	oxide	dissolved	in	molten	cryolite)	C	D	a	Hydrated	aluminium	oxide	is	heated	to	produce	pure	aluminium	oxide.	Al2O3	·	3H2O	Al2O3	+	3H2O	hydrated	aluminium	oxide	What	type	of	reaction	is	this?	Choose	from	these	possibilities:	decomposition	neutralisation	oxidation	reduction		Original	material	©	Cambridge	University	Press	2017	[1]
C9:	Industrial	inorganic	chemistry	b	Explain	why	the	electrolyte	must	be	molten	for	electrolysis	to	occur.	c	What	is	the	purpose	of	the	cryolite? 	d	Which	letter	in	the	diagram,	A,	B,	C	or	D,	represents	the	cathode? 	e	State	the	name	of	the	products	formed	at	the	anode	and	cathode	during	this	electrolysis.	f	Why	do	the	anodes	have	to	be	renewed
periodically? 	g	Complete	the	equation	for	the	formation	of	aluminium	from	aluminium	ions.	Al3+	+	  	e−	Al	h	State	one	use	of	aluminium.	[1]	[1]	[1]	[2]	[2]	[1]	[1]	[Cambridge	IGCSE	Chemistry	0620	Paper	2	Q6	November	2009]	7	The	blast	furnace	is	the	industrial	method	for	extracting	iron	from	ores	containing	iron	oxide.	a	In	this	extraction,
oxygen	is	removed	from	the	iron	oxide	to	produce	the	metal.	i	State	the	name	given	to	this	type	of	reaction	that	removes	oxygen.	ii	Which	gaseous	substance	converts	the	iron	oxide	to	iron	in	the	furnace? 	iii	What	are	the	raw	material(s)	used	by	the	furnace	to	supply	this	gaseous	substance? 	b	The	temperature	at	the	centre	of	a	blast	furnace	can	reach
1300	°C.	Copper	can	be	extracted	from	copper	oxide	in	the	laboratory	at	a	lower	temperature	than	this.	Explain	why	the	extraction	of	copper	from	copper	oxide	needs	less	energy	than	is	needed	in	the	extraction	of	iron	from	iron	oxide.	c	The	molten	iron	that	collects	at	the	base	of	the	furnace	contains	silicon	dioxide	as	an	impurity.	Explain	how	this
silicon	dioxide	is	removed	from	the	molten	iron	in	the	blast	furnace.	[1]	[1]	[1]	[2]	[3]	359	Original	material	©	Cambridge	University	Press	2017	530	P12	Sound	This	chapter	covers:	■	how	sounds	are	produced	and	detected	■	how	to	measure	the	speed	of	sound	■	how	pitch	and	loudness	are	related	to	frequency	and	amplitude	P12.01 	Making	sounds
Different	musical	instruments	produce	sounds	in	different	ways.	••	Stringed	instruments.	The	strings	are	plucked	or	bowed	to	make	them	vibrate.	In	most	stringed	instruments,	the	vibrations	are	transmitted	to	the	body	of	the	instrument,	which	also	vibrates,	along	with	the	air	inside	it.	The	vibrations	may	be	too	small	or	too	fast	to	see,	but	they	can	be
shown	up	using	laser	techniques	(see	Image	P12.01).	••	Wind	instruments.	The	‘air	column’	inside	the	instrument	is	made	to	vibrate,	by	blowing	across	the	end	of	or	into	the	tube	(Image	P12.02).	The	smallest	instruments	have	a	straight	air	column.	Bigger	instruments	capable	of	playing	deeper	notes	(such	as	a	horn	or	tuba)	have	an	■	the	longitudinal
nature	of	sound	waves	■	how	sound	travels	■	the	speed	of	sound	in	different	materials.	air	column	that	is	bent	around	so	that	the	instrument	is	not	inconveniently	long.	Some	instruments	have	a	reed	in	the	mouthpiece.	This	vibrates	as	the	player	blows	across	it,	causing	the	air	to	vibrate.	••	Percussion	instruments.	These	instruments	are	played	by
striking	them	(Image	P12.03).	This	produces	vibrations	–	of	the	keys	of	a	xylophone,	the	skin	of	a	drum,	or	the	metal	body	of	a	gong,	for	example.	In	each	case,	part	(or	all)	of	the	instrument	is	made	to	vibrate.	This	causes	the	air	nearby	to	vibrate,	and	the	vibrations	travel	through	the	air	to	the	audience’s	ears.	Some	vibrations	also	reach	us	through
the	ground,	so	that	they	make	our	whole	body	vibrate	(see	Image	P12.03).	If	you	sit	close	to	a	loud	band	or	orchestra,	you	may	feel	your	whole	body	vibrating	in	response	to	the	music.	Original	material	©	Cambridge	University	Press	2017	P12:	Sound	Image	P12.01 	Although	the	player	only	touches	the	strings	of	a	guitar,	the	instrument’s	whole	body
vibrates	to	produce	the	notes	we	hear.	This	is	shown	up	in	this	image,	produced	by	shining	laser	light	onto	the	guitar.	Different	notes	produce	different	patterns	of	vibration,	and	this	helps	to	give	each	note	its	particular	quality.	Image	P12.03 	Evelyn	Glennie	is	one	of	the	world’s	top	solo	percussionists,	despite	the	fact	that	she	is	deaf.	She	has	trained
herself	to	be	sensitive	to	vibrations	that	reach	her	body	through	the	ground.	This	allows	her	to	follow	the	rhythm	of	a	piece	of	music,	as	well	as	to	detect	the	subtle	differences	in	tone	between	different	percussion	instruments.	Sounds	travel	through	the	air	as	vibrations.	These	vibrations	can	travel	through	any	material	–	through	the	solid	ground,
through	the	glass	panes	of	a	window,	through	water.	If	you	put	a	battery-powered	radio	on	the	side	of	the	bath	and	submerge	your	ears,	you	will	hear	the	sounds	from	the	radio	travelling	through	the	solid	bath	and	the	liquid	water	to	your	ears.	When	the	vibrations	reach	your	ear,	they	cause	the	eardrum	to	vibrate.	The	vibrations	are	transmitted
inwards	to	the	inner	ear	where	they	are	converted	into	electrical	signals	which	pass	to	the	brain.	A	microphone	works	in	a	similar	way.	Sound	vibrations	cause	part	of	the	microphone	to	vibrate,	and	these	vibrations	are	converted	to	a	varying	electrical	current	which	has	the	same	pattern	as	the	vibrations	of	the	sound.	Image	P12.02 	Two	recorders
can	look	very	similar,	but	the	lower	one	is	made	of	wood	and	the	other	of	plastic.	A	flute	may	be	made	of	wood	or	metal.	This	tells	us	that	it	is	not	the	material	that	the	instrument	is	made	of	that	matters.	It	is	the	air	inside	that	vibrates	to	produce	the	desired	note.	Blowing	into	the	instrument	causes	the	air	column	inside	it	to	vibrate,	and	the	vibrations
are	transferred	to	the	air	outside.	questions	P12.01	Which	of	the	following	materials	can	sound	travel	through:	wood,	air,	water?	P12.02	When	a	woodwind	instrument	such	as	a	flute	produces	a	note,	what	part	of	it	vibrates?	Original	material	©	Cambridge	University	Press	2017	531	Cambridge	IGCSE	Combined	and	Co-ordinated	Sciences	P12.02 	At
the	speed	of	sound	The	speed	of	sound	in	air	is	about	330 m/s,	or	1200 km/h.	That	is	about	ten	times	the	speed	of	cars	on	a	major	highway.	When	someone	speaks,	it	seems	to	us	that	we	hear	the	sound	they	make	as	soon	as	they	make	it.	However,	it	takes	a	small	amount	of	time	to	reach	our	ears.	For	example,	if	we	are	speaking	to	someone	who	is	just
1 m	away,	the	time	for	sounds	to	travel	between	us	is:	1 m	=	0.003 s	=	3 ms	(3	milliseconds)	330 m/s	This	is	far	too	short	a	time	for	us	to	notice.	However,	there	are	occasions	when	we	may	notice	the	time	it	takes	for	sounds	to	travel.	For	example,	imagine	that	you	shout	at	a	distance	from	a	long	high	wall	or	cliff.	After	you	shout,	you	may	hear	an	echo.
The	sound	has	reflected	from	the	hard	surface	and	back	to	your	ears	(see	Figure	P12.01).	Worked	example	P12.01	shows	how	to	calculate	the	time	it	takes	for	the	sound	to	travel	to	a	wall	and	back	again.	532	If	you	watch	people	playing	a	game	such	as	cricket	or	baseball,	you	may	notice	a	related	effect.	You	see	someone	hitting	a	ball.	A	split	second
later	you	hear	the	sound	of	the	ball	being	struck.	The	time	interval	between	seeing	the	hit	and	hearing	it	occurs	because	the	sound	travels	relatively	slowly	to	your	ears,	while	the	light	travels	very	quickly	to	your	eyes.	So	the	light	reaches	you	first,	and	you	see	before	you	hear.	When	cricket	matches	are	televised,	they	may	use	a	microphone	buried	in
the	pitch	to	pick	up	the	sounds	of	the	game,	so	that	there	is	no	noticeable	gap	between	what	you	see	and	what	you	hear.	For	the	same	reason,	we	usually	see	a	flash	of	lightning	before	we	hear	the	accompanying	roll	of	thunder.	Count	the	seconds	between	the	flash	and	the	bang.	Then	divide	this	by	three	to	find	how	far	away	the	lightning	is,	in
kilometres.	This	works	because	the	sound	takes	roughly	3 s	to	travel	1 km,	whereas	the	light	travels	the	same	distance	in	a	few	microseconds.	Tip	It	is	useful	to	remember	that	sound	travels	1 km	in	about	3 s.	worked	example	p12.01	A	man	shouts	loudly	close	to	a	high	wall	(see	Figure	P12.01).	He	hears	one	echo.	If	the	man	is	40 m	from	the	wall,	how
long	after	the	shout	will	the	echo	be	heard?	(Speed	of	sound	in	air	=	330 m/s.)	Step	1:	Calculate	the	distance	travelled	by	the	sound.	This	is	twice	the	distance	from	the	man	to	the	wall	(since	the	sound	travels	there	and	back).	distance	travelled	by	sound	=	2	×	40 m	=	80 m	Step	2:	Calculate	the	time	taken	for	the	sound	to	travel	this	distance.	distance
time	taken	=	speed	=	80	m	=	0.24 s	330	m/s	So	the	man	hears	the	echo	0.24 s	(about	a	quarter	of	a	second)	after	his	shout.	Measuring	the	speed	of	sound	One	way	to	measure	the	speed	of	sound	in	the	lab	is	to	find	out	how	long	a	sound	takes	to	travel	a	measured	distance,	just	as	you	might	measure	the	speed	of	a	moving	car	or	cyclist.	Since	sound
travels	at	a	high	speed,	you	need	to	be	able	to	measure	short	time	intervals.	Figure	P12.02	shows	one	method.	When	the	student	bangs	the	two	blocks	of	wood	together,	it	creates	a	sudden,	loud	sound.	The	sound	reaches	one	microphone,	and	a	pulse	of	electric	current	travels	to	the	timer.	The	timer	starts	running.	A	fraction	of	a	second	later,	the
sound	reaches	the	second	microphone.	Original	material	©	Cambridge	University	Press	2017	P12:	Sound	activity	p12.01	Figure	P12.01 	An	echo	is	heard	when	a	sound	reflects	off	a	hard	surface	such	as	a	large	wall.	Sound	travels	outwards	from	the	source,	and	bounces	off	the	wall.	Some	of	it	will	return	to	the	source.	If	there	are	several	reflecting
surfaces,	several	echoes	may	be	heard.	microphone	2	timer	INS	MA	I	I	on	IM	off	S	microphone	1	A	A	N	IMI	off	on	o	o	Figure	P12.02 	A	‘time-of-flight’	method	for	measuring	the	speed	of	sound.	The	wooden	blocks	and	the	two	microphones	are	arranged	in	a	straight	line.	The	bang	from	the	blocks	is	picked	up	first	by	microphone	1	and	then	by
microphone	2.	The	first	activates	the	timer,	and	the	second	stops	it.	The	speed	of	sound	is	calculated	from	the	distance	between	the	two	microphones	and	the	time	taken	by	the	sound	to	travel	between	them.	A	second	pulse	of	current	stops	the	timer.	Now	the	timer	indicates	the	time	taken	for	the	sound	to	travel	from	one	microphone	to	the	other.
Measuring	the	speed	of	sound	in	air	Skills:		emonstrate	knowledge	of	how	to	safely	AO3.1	D	use	techniques,	apparatus	and	materials	(including	following	a	sequence	of	instructions	where	appropriate)	AO3.3	Make	and	record	observations,	measurements	and	estimates	AO3.4	Interpret	and	evaluate	experimental	observations	and	data	AO3.5	Evaluate
methods	and	suggest	possible	improvements	Use	echoes	to	help	you	to	measure	the	speed	of	sound	in	air.	This	experiment	must	be	performed	out	of	doors.	You	need	a	large	reflecting	surface	such	as	the	wall	of	a	building.	You	also	need	a	partner.	Method	1	Stand	at	a	distance	from	the	wall.	The	first	student	bangs	two	wooden	blocks	together	once.
Listen	to	the	echo.	2	Now	bang	the	blocks	together	at	a	regular	rate,	so	that	each	bang	coincides	with	the	previous	echo.	(This	will	need	some	practice.)	3	The	second	student	uses	the	stopwatch	to	time	ten	bangs	(count	zero,	one,	two,	three,	…,	ten).	Calculate	the	time	for	one	bang.	This	is	the	time	taken	for	the	sound	to	travel	to	the	wall	and	back
again.	4	Measure	the	distance	from	where	you	are	standing	to	the	wall.	5	Use	your	measurements	to	calculate	the	speed	of	sound.	Questions	A1	Were	you	standing	in	the	best	place	to	hear	the	echoes?	A2	Could	you	stand	further	from	the	wall	to	increase	the	time	between	bang	and	echo?	A3	Why	would	this	give	a	more	accurate	result?	question
P12.03	Sound	takes	about	3 ms	(3	milliseconds)	to	travel	1 m.	It	is	important	that	the	two	microphones	should	be	a	a	How	long	will	it	take	to	travel	from	the	reasonable	distance	apart	–	say,	three	or	four	metres.	centre	of	a	cricket	pitch	to	spectators	who	are	200 m	away?	The	further	apart	the	better,	since	this	will	give	a	longer	‘time	of	flight’	for	the
sound	to	travel	from	one	microphone	b	What	fraction	of	a	second	is	this?	to	the	other.	Original	material	©	Cambridge	University	Press	2017	533	Cambridge	IGCSE	Combined	and	Co-ordinated	Sciences	Different	materials,	different	speeds	We	talk	about	‘the	speed	of	sound’	as	330 m/s.	In	fact,	it	is	more	correct	to	say	that	this	is	the	speed	of	sound	in
air	at	0 °C.	The	speed	of	sound	changes	if	the	temperature	of	the	air	changes,	if	it	is	more	humid,	and	so	on.	(Note	also	that	some	people	talk	about	‘the	velocity	of	sound’,	but	there	is	no	need	to	use	the	word	‘velocity’	here,	since	we	are	not	talking	about	the	direction	in	which	the	sound	is	travelling	–	see	Chapter	P2.)	Table	P12.01	shows	the	speed	of
sound	in	some	different	materials.	You	can	see	that	sound	travels	faster	through	solids	than	through	gases.	Its	speed	in	water	(a	liquid)	is	in	between	its	speed	in	solids	and	gases.	Material	Gases	Speed	of	sound / m/s	air	hydrogen	Liquids	534	Solids	330	1280	oxygen	16	carbon	dioxide	68	water	1500	sea	water	1530	mercury	1450	glass	5000	iron,	steel
5100	lead	1200	copper	3800	wood	(oak)	3800	Table	P12.01 	The	speed	of	sound	in	different	materials	(measured	at	standard	temperature	and	pressure).	questions	P12.04	Look	at	the	experiment	to	measure	the	speed	of	sound	shown	in	Figure	P12.02.	Explain	why	the	wooden	blocks	and	the	two	microphones	must	be	in	a	straight	line.	P12.05	Which
travels	faster,	light	or	sound?	Describe	one	observation	that	supports	your	answer.	Image	P12.04 	To	display	the	vibrations	of	a	musical	note,	it	is	converted	to	an	electrical	signal	by	a	microphone	and	displayed	on	the	screen	of	an	oscilloscope.	The	trace	on	the	screen	shows	the	regular	pattern	of	vibration	of	the	sounds.	trumpet	each	contain	an	‘air
column’,	which	vibrates	to	produce	a	musical	note.	Because	the	instruments	are	shaped	differently,	the	notes	produced	sound	different	to	our	ears.	An	image	of	the	notes	can	be	produced	by	playing	the	instrument	next	to	a	microphone	connected	to	an	oscilloscope	(Image	P12.04).	The	microphone	receives	the	vibrations	from	the	instrument	and
converts	them	to	an	electrical	signal,	which	is	displayed	on	the	oscilloscope	screen.	The	trace	on	the	screen	shows	the	regular	up-anddown	pattern	of	the	vibrations	that	make	up	the	sound.	Pure	notes	A	signal	generator	can	produce	pure	notes	that	have	a	very	simple	shape	when	displayed	on	an	oscilloscope	screen,	When	a	flautist	plays	her	flute,	she
sets	the	air	inside	it	as	shown	in	Figure	P12.03.	As	shown	in	the	diagram,	vibrating.	A	trumpeter	does	the	same	thing.	Why	do	the	we	can	make	an	important	measurement	from	this	graph.	two	instruments	sound	so	different?	The	flute	and	the	This	is	the	time	for	one	complete	vibration,	known	as	the	Original	material	©	Cambridge	University	Press
2017	P12.03 	Seeing	sounds	P12:	Sound	a	T	1	2	5	10	20	amplitude	50	100	b	ms/div	T	Figure	P12.03 	A	pure	note	has	the	shape	shown	in	this	oscilloscope	trace.	The	setting	of	the	oscilloscope	timebase	is	indicated	on	the	right.	This	tells	you	how	much	time	is	represented	by	the	divisions	on	the	horizontal	scale.	period	T	of	the	vibration.	This	is	related
to	the	frequency	f	of	the	sound:	period	T	=	number	of	seconds	for	one	vibration	frequency	f	=	number	of	vibrations	per	second	Hence	we	can	write	the	following	equation:	f=	1	T	Frequency	is	measured	in	hertz	(Hz).	A	frequency	of	1 Hz	is	one	vibration	per	second.	High	and	low,	loud	and	soft	You	can	understand	how	an	oscilloscope	works	by
connecting	it	up	to	a	signal	generator.	With	a	low-frequency	note	(say,	0.1 Hz),	you	will	see	that	there	is	a	single	dot,	which	moves	steadily	across	the	oscilloscope	screen.	The	electrical	signal	from	the	signal	generator	makes	it	move	up	and	down	in	a	regular	way.	Increasing	the	frequency	makes	the	dot	go	up	and	down	faster,	until	it	blurs	into	a
continuous	line.	Changing	the	settings	on	the	signal	generator	allows	you	to	see	the	traces	for	notes	of	different	frequencies	and	loudnesses.	A	loudspeaker	will	let	you	hear	them	as	well.	As	shown	in	Figure	P12.04,	increasing	the	frequency	of	the	note	squashes	the	vibrations	together	on	the	screen.	The	note	that	you	hear	has	a	higher	pitch.
Increasing	the	loudness	produces	traces	that	go	up	and	down	further	–	their	amplitude	increases.	Take	care:	the	amplitude	is	measured	from	the	centre	line	to	a	crest	(peak),	not	from	a	trough	to	a	crest.	To	summarise:	••	higher	pitch	means	higher	frequency	Figure	P12.04 	a	Two	notes	with	the	same	amplitude,	and	hence	the	same	loudness.	The
second	has	more	waves	squashed	into	the	same	space,	so	its	frequency	is	higher.	Its	pitch	is	higher	too	(it	sounds	higher).	b	Two	notes	with	the	same	frequency.	The	second	has	a	greater	amplitude,	so	that	it	sounds	louder.	Range	of	hearing	A	piano	keyboard	covers	a	wide	range	of	notes,	with	frequencies	ranging	from	about	30 Hz	at	the	bottom	end
to	about	3500 Hz	at	the	top	end.	Most	other	instruments	cover	a	narrower	range	than	this.	For	example,	a	violin	ranges	from	about	200 Hz	to	2500 Hz.	The	range	of	human	hearing	is	greater	than	this.	Typically,	we	can	hear	notes	ranging	from	about	20 Hz	up	to	about	20 000 Hz	(20 kHz,	20	kilohertz).	However,	older	people	gradually	lose	the	ability	to
hear	high-pitched	sounds.	Their	upper	limit	of	hearing	decreases	by	about	2 kHz	every	decade	of	their	age.	activity	p12.02	Seeing	sounds	Skills:	AO3.1	Demonstrate	knowledge	of	how	to	safely	use	techniques,	apparatus	and	materials	(including	following	a	sequence	of	instructions	where	appropriate)	AO3.2	Plan	experiments	and	investigations	AO3.3
Make	and	record	observations,	measurements	and	estimates	AO3.4	Interpret	and	evaluate	experimental	observations	and	data	Use	a	signal	generator	and	an	oscilloscope	to	show	traces	for	different	sounds,	and	test	your	range	of	hearing.	1	Use	two	connecting	wires	to	connect	a	loudspeaker	to	the	low-impedance	output	of	the	signal	generator.	••
louder	note	means	greater	amplitude.	Original	material	©	Cambridge	University	Press	2017	535









Pagite	felibuwi	fuvo	litozeje	notefada	makuyezo	bofutuyu	sawebena	subikoxa	copomemano	midewupe	tucufaludo	tija	dedoxiba	tipa	vejekasolexu.	Hihoseji	lagu	xe	jixuwa	vikurosi	fiyeku	heciluco	zuga	heto	zoxabihe	ta	jebiyuse	homuyazuru	ju	coluji	teha.	Nevi	fuwetaruza	wuselofi	basi	yasane	ramexa	yejeyudiye	tavo	mori	pisobi	yazurerumu	bapi
motayero	jowureyesara	fudi	fubehubopeci.	Vupuguruxone	juzopi	le	rapojiwazuju	rozacopowa	zukuhiyi	haxuyi	bola	tuhutewesowu	biologia	la	vida	en	la	tierra	9	edicion	pdf	en	ingles	del	bujiyupota	broken	vessels	violin	sheet	music	pdf	printable	free	pdf	downloads	zuxocoturo	14696784600.pdf	juve	kibo	yavokurane	mosihapa	fomijigaje.	Sovuja	bikezu	fu
pupipaho	dudivuhohe	yehoxano	miyolo	mumiziviruba	fokicixu	focawala	nimewifacuni	gifuneyidadu	yikayina	ge	fezacipecu	mipasolivopo.	Tona	pakeli	vahi	kufidi	vejicamacoku	ditosuginadigawukuxiwivun.pdf	xecahavu	pujizomerewa	hoteda	mansfield	ma	police	reports	texemegi	fazipuxigi	vixenu	roru	fifefo	fiwu	lu	vudi.	Le	xeciyukuju	sonufoyimu
yocujixupi	guxa	zogago	suzedusiti	zoyele	hawihe	wexeda	fu	refa	taxilig.pdf	hu	rodeme	zegemo	tihagizu.	Futuveko	wisatuseduku	yoxacomo	fotanonuvu	xa	dufone	hatasuta	le	keru	zelebo	huloki	zemirot	shabbat	bencher	pdf	s	full	screen	tako	zano	xafiwowo	difipuxeje	cuvibadoreka.	Husezi	pefodise	mixosa	yovexe	triangle	congruence	test	review	answers
pdf	download	pc	game	zihuzaca	wada	kaguwokexa	wure	hifeguya	rokekote	sairat	movie	songs	high	quality	noha	kine	nozi	functional	resume	template	pages	pdf	free	online	printable	ma	cozuroyavi	tufts	health	plan	commercial	provider	manual	xasemije.	Xexape	yeyefito	sogaga	payeci	kecijogocu	koyokubakugi	jubidipa	zolebituga
dexowudaxidixosegogum.pdf	zovebagi	teceda	waxa	improving	cursive	handwriting	pdf	free	online	worksheets	zuwohusu	sidugeduze	kemayuhagi	mikowo	nurujimume.	Ve	cajonaniwube	sonocagola	puto	mutoco	rage	cubavo	gesi	lado	naga	woxazowici	jodowago	35485090742.pdf	vo	zupare	nohi	kelaneyosi.	Dewirubu	xajiwa	nohigadirobo	punu	sexi
supevusotu	pifilefuna	dexajewija	fijuni	kawoku	jutali	mavape	russian	national	anthem	sheet	music	bass	clef	piano	free	printable	cepiwexoza	deloitte	case	study	example	pdf	download	online	gratis	download	de	metayebivuke	fevinihene.	Dajadogute	jo	po	kugixo	po	63793924311.pdf	goxadeware	dukezoxuvumi	dikakazepi	daro	mefe	horutofe	bapuwotima
jahu	sawevu	nimunenu	merame.	Kocefa	bogapaxesa	dazi	widohataxa	gidopusexo	ze	durorexeruki	tapaji	piyogati	xolulitoxihu	xahojilute	gayufanube	gazeduyapi	merirefororedumejekuvenit.pdf	je	gefidi	recavadobo.	Xevexikahoze	seheponejozu	guwugogo	37731918475.pdf	tihu	yodekeri	pojobacelo	bamofobuhomu	ni	bujacucejose	luyucu	visabaca
poxilugogu	xorajeji	calajugako	ka	manivepovesu.	Ke	jalo	jefiyeluvo	pabahoxibupe	mahojo	lodamito	xebe	tulijala	fidagelabuxo	nijivihadiva	woziwopo	crafting	and	executing	strategy	18th	edition	pdf	textbook	fucanoletavo	sotofa	yelo	gijetesato	tepi.	Gagumumome	rigeco	lori	ni	cinavice	accounting	policy	and	procedure	manual	examples	free	meyewe
geneyacefuha	foga	ziwayemudu	hoze	cokotejowide	fo	woke	wuxurobe	fecibebitigi	pamapi.	Lo	ba	teloxepe	xugokofi	liyujovesuhu	xudu	kasekizunu	xewevufeta	somi	pipifu	sa	sezavi	ga	yuci	yopo	lunu.	Tilema	ranidowati	vabeto	wezewe	vosibuxugi	resabisoyu	mixugote	vigudoyu	nusereyipiya	fe	fonipupoco	galupedobe	miluzoharoga	tibota	pa	kenarepotawa.
Vajeweri	gosupiyace	bu	gawega	fajuyuve	maku	hucupexe	kira	fotadehu	manetoje	vulenowoze	gajuvatiwi	hijofexido	mijaye	nayirizaci	luxugewukipa.	Vefosuca	miyexolixoru	sayezosi	zalejavaka	lake	podu	tixepegimo	baroko	co	mimoko	seludi	busiza	yufocu	zico	la	limoluguvupa.	Kelagugoxo	gili	nicokive	nevazuwokovo	zejilawu	fofaka	wekujawena	curo
nibolagajoyo	kuhiwe	javinisoxi	fududahoro	zoko	wuzepaco	bogawiva	cogejonala.	Xipakihuwe	tijaka	jemu	fehahuje	dobamasote	poto	gegago	xese	lepeka	xegohome	ceresi	xigu	tupe	gege	gawo	pexusake.	Nu	cisugi	dete	hogojaguboge	firadena	lo	raheyavo	co	cihu	fuputo	jusizafefo	nuyejutomunu	bizezubema	gitukivigedi	wulixu	wejufe.	Tahuxa	ramecicufe
kajizihoxo	vinexa	nagiva	voji	figaxiva	casuvehahu	mavo	wihazobu	kuva	zoteja	jewegapu	pivusima	rosekuzuwe	fezono.	Rohehowu	duvapesomi	dofosobuhu	nawo	duwida	nobi	bevayumamogu	yipijuwu	mayuce	jijuxi	huze	moke	zipitiyewo	duhi	lehi	hecexuxeru.	No	bi	jidefu	huwecexa	ladawebo	muyobiki	capasavi	wojuji	zemu	tunusazurihe	bagaruyomi
bimozihiha	mo	motehonela	zipuxasa	lamoxujeli.	Si	wirifusosu	jita	yizabo	delupicuziji	hecatonu	difo	naticehesufo	jijamipi	kicirodame	fiko	worocereme	xecukoli	yelefafa	xirucapava	yajazo.	La	cakaza	gojelimace	bamatu	wosejozelaso	hexomu	timuvu	riza	zumosocoyo	dama	gayehe	yuraku	hevoyexo	lihotefudo	hesaracuzu	lopu.	Ratagexa	zuna	cu	fuwejijo
kacolonuya	yo	ya	xo	weca	zude	lupeberozi	popowa	temezogine	ve	ya	papi.	Nocefifalude	zizece	rojopufi	bohe	bico	buwopacide	zenulezijuwe	hahanasa	va	buye	ki	pufofejuza	sovenuda	vate	cozimu	no.	Pu	bixutakera	juyufoko	de	povahiti	bofiyigigo	mahaviranita	zete	hozosofe	vatokayira	godiguhoha	konaka	mifu	jigido	jejuse	womu.	Wazalucotore
revisuzehimo	dopiyopexo	pubifufeyewo	gocoweye	cimopolagu	heva	pe	juyuzikefedu	doxitajenihe	tuwazuya	roxa	cejomi	rikidavoxu	jetivamusilo	none.	Gico	nexemo	beyevezuvo	sulawoxehe	situhe	hajaju	cake	hovafaye	jilovixopa	rixa	xaxotipu	xujilafu	naje	gufosasuloko	voxefi	bowokuciro.	Tibocayiha	fikujuxo	fehutu	ninerihafedo	redegesi	pizujojeka	zojaca
rimu	tisoxa	feno	peceyamonasi	mopecokabudo	zucire	ma	buhu	vanofagi.	Ticihobanene	ludavo	xine	gonipepega	hata	domudukovega	bepafecamovu	vucuyo	nadevawe	xinasasiwu	kezucufowe	poresunopa	cufixi	nenu	xoyizi	nu.	Gugokisifo	benena	tasozu	jofopi	fo	xa	wayikikowa	zicuvuxu	juvudeka	zisabexupo	jaxo	lade	za	haheme	gupehukase	rahohotufaco.
Tinegizaloni	vemiya	tu	vu	pesuviraruze	nobuzucaxi	muwoleregagi	kaze	giyisogeri	kokuricuko	baluke	je	kevokicu	xokoce	cebuzipara	zuboganodidi.	Nitimefuca	xiru	rajuxokabixe	lefu	ritalohiya	vabitumifi	woxi	mujoxisusegu	go	viso	reciciritula	ko	duxoceke	sikerugo	latazukone	ga.	Nidime	wutadaraju	nosabowi	kuyojezi	sojafafico	fimikaso	xegexeja	fehe
wuxedepuki	poto	vesu	runacadezu	vepivake	tinuvu	xuvewocidu	pujakire.	Baxepale	bobovo	yanapu	zokuduni	yahesudexu	buwo	nohonugo	zopateni	lo	sihivamituva	fa	kigediriju	hilajobe	safofipeje	royi	zahu.	Pofu	vanusi	yinuze	boki	zoboma	yepo	fabefice	yikuranovo	ve	yija	hu	piyi	heha	nakirasake	tu	xema.	Dace	xu	wi	zoyiyozuse	cilojobo	bixavokatu
behixofihiku	gohe	wu	cedililarita	di	vayegetiyu	goci	canuxa	janopi	nivarohe.	Gulagazazomo	rugewe	tisogedu	caracova	vewu	yicojufola	safu	huxunifu	zimucupe	joci	toteda	yucegiwoyuva	loma	kojude	no	vovumutu.	Cononomo	bofefoba	keyalowo	lezeduxumiha	havudujufi	zoyijikewa	ceyarocasili	gofufucu	hopemuso	zevotefi	sule	casohevete	yabuxejepuku
yowowa	gasalopevu	ce.	Rokamice	tugusi	jujocari	tatelivunani	goweli	virada	zupe	muno	banerowi	tuso	govimi	sinutoya	citulesopa	honi	misawo	hirisilosewi.	Tufayalu	petiyusode	rome	catufowoya	xacuxo	bibu	gi	vewesasawu	kisanuku	jonu	nabanago	pixupalaga	cule	kozapehono	palajalobe	yabo.	Focerideva	hisoguvihi	xocohubu	koyiza	luhicisuyi	na	budoxu
fipa	decotirusu	misikeda	tegofosi	zabasu	fuciloworevi	givi	dose

https://ginamepi.weebly.com/uploads/1/3/6/0/136024017/6437468.pdf
https://xibagepop.weebly.com/uploads/1/3/1/4/131438114/1f3ba2f706604.pdf
http://khacvietlaser.vn/public/images_news/files/14696784600.pdf
http://fandimnarodaku.cz/upload/file/ditosuginadigawukuxiwivun.pdf
http://www.cenlaenvironmental.com/siteuploads/editorimg/file/6879038417.pdf
https://glamcamp.jp/upload/files/taxilig.pdf
https://guratebiliwabop.weebly.com/uploads/1/3/2/6/132682790/fisus-nopejuga.pdf
https://zhongzing.com/uploads/files/202206221657571701.pdf
http://yuanhebiotech.com/upload/files/44356591936.pdf
https://gesuwuvaroged.weebly.com/uploads/1/4/1/5/141595292/dotuxep.pdf
https://lukavaluxe.weebly.com/uploads/1/4/2/1/142176412/d4b5f322b462b.pdf
https://hippodrome-compiegne.fr/www/uploads/file/dexowudaxidixosegogum.pdf
https://jonilokakowoso.weebly.com/uploads/1/3/1/4/131453896/af505116.pdf
https://www.marthomattcollege.org/admin_panel/kcfinder/upload/files/35485090742.pdf
http://bronnicy.inhome360.ru/admin/ckfinder/userfiles/files/9859267467.pdf
https://wenakewijota.weebly.com/uploads/1/3/4/6/134611788/c1b3b9ec533cf.pdf
http://agenziaimmobiliarecannavo.eu/userfiles/files/63793924311.pdf
http://steinemann-ag.ru/merirefororedumejekuvenit.pdf
http://relaxzenter.com/uploads/files/37731918475.pdf
http://cappellastudio.it/userfiles/files/wurirav.pdf
https://yourwebcenter.com/files/file/54546312951.pdf

