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Working Scientifically 1

The Scientific Method

Thiz section ien't about how to 'do’ sclence — but H does show you the way most sclentists work.

Scientists Come Up With Hypotheses — Then Test Them

1) Scientists fry to explain things. They start by obeerving something they don't understand.
2) They then come up with a hupothess — a possible sxplanation for what they've cbserved.

3) The next step iz to test whether the hypothesis might be rght or not.  This involves -
making a prediction based on the hypothesis and festing it by gathering avidence Al A o

socuenbists
{i.e. data) from investigations. I evidence from experiments backs up a prediction, }gﬁmm that
you're a sfep closer fo figuring out H the hypothesis is true. atoms booked Be this

Several Scientists Will Test a li'yputhesis

I} Normally, sclentists share thelr findings in peer-reviewsd journsls, or at conferences. 2

2} Peer-review iz where ofher scientists check resulis and scienfific explanations fo make L
sure they're "scientific’ (e.g. that experiments have been done in a sensible way) |
befors they're published. It helps fo detect folse claims, but it doesn't mean that .
findings are correct — just that they're not wrong in any obwvious way. M.umr;eﬁdmu

3) Omce other scienfiste have found out abowt a8 hypothesiz, they'l atart basing their was gathered, scientists
own pradictions on i and carry out their own experiments. They'll also try fo changed their
reproduce the original experiments to check the resulis — and if all the experiments hyprdhesis to this
in the world back up the hypothesis, then sclentists starf o think the hypothesis s frue.

4] However, if a scienfist does an experiment that doesn't fif with the hypothesis (and other sclentisis

can reproduce the resulis) then the hypothesis may need fo be modified or sorapped alfogether.

If A1l the Evidence Suppurts a I-I.m_t.hes-is__,- It's lct:epted — For Now |

1) Accepied hypotheses are offen referred 1o as theories. Our currently
accepted theories are the ones that have survived thiz "iral by evidence'

— they've been tested mamy times over the years and survived. -

2) However, theories hever bacome totally indisputable foct. If new evidenco comes
along that can't be explained using the existing theory, then the hypothesising and

testing is likely fo start all over again. o i
Theories Can Involve Different T]rpes of Models

FeSE Tl e S CRDTHON nrmgjymufudui'n \l.l||.r1|r|||||||“||““|””

ﬂdngmhrudﬂin Lﬁcaalnﬂddn.ﬂmnheunndmmmmwa Secientists test madels by carmpng —

and make predictions. E.g. the Bohr model of an atom ke a simplified :m"mmimmﬂw—

way of showing the arrangement of electrons in an afom (see p.103). = h:“:“::‘j:{:;modﬂ =

K cah be used fo explain frends down groups in the periodie table. ’rlllrlllnmm.u..“..,,,x“

2} Computationsl models use computers to make simulations of complex real-life processes, such as

climate change. They're uzed when there are a lot of different variables (factors that change) to
congider, and because you can easily change fheir design to take info sccount new data.

3) Al models have mitationhs on what they can explain or predict. E.g. ball and stick models (a fype
of spatial model) can be used to show how ions are arranged in an jonic compound. One of their
limitations is fhat they don't show the relative sizes of the lons (see p.1l4).

I'm off to the zoo to test my hippo-thesis...

The scientific method has developed over time, and many people have helped to develop it. From Aristotle to
modern day scientists, lots of people have contributed. And many more are likely to contribute in the future.

Working Scientificalty
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Communication & Issues Created by Science

fcientfific developments can be great, but they can sometimes ralse more questions fhan they answer...

It's Important to Communicate Scientific Discoveries to the Public

Bome scienfific discoveries show that people should change their habifs, or they might provide ideas that
could be developed into new fechhology. Qo scientists need {o fell the world about their discovertes.

Gens fechnologies are used in ganefic enginearing fo produce genefically me Informafion
uhmﬂﬂmmnpnnmdnmhnmmﬂmhdhfmmmmwﬁﬂ_nﬂﬁmnmﬂmudm
the general public, =o they can make informed decisions about the food they buwy and eat.

Scientific Evidence can be Presented in a Biased Way

1} Reports sbout scientific discoveries in the media (e.g. newspapers or felevision) aren't peer-reviewed.

2) Thiz means that, even though news stories are offen baced on data that has been peer-reviewed, the data
might be presented in 8 way that ks over-simplified or naccurete, making it open to misinterpretation.

3] People who want to make & point can sometimes precend dafa in a blased waiy. (Somefimes without

knowing they're doing it.) For example, & scientist might overemphasize a relationship in the data, or a
newspaper arficle might describe deteils of data supporting an idea without giving any evidence against 1.

Scientific Developments are Great, but they can Raise Issues

Beientific knowledge is increased by doing experiments. And this knowledge leads to scientific developments,
a.g. new technologies or new advice. These developments can create issues though. For example:

Economic fssues: Qociehy can't always Bocial lscues: Decisions based on seientific evidence affect
afford to do things scienfiste recommend people — e.g. should fossil fuels be taxed more highly?
|e.g. investing in alternative energy sources)  Wiould the effect on people’s lifestyles be accepiable...

without cutfing back elsewhers.

Personal lssues; Bome decisions will affect rmum'_ml\ﬂl_minghh For mmnpln I:nﬂiclnﬂ a dan fo
individuslz. For example, someone might produce electrichy will change the local habitet o come

support aifernafive energy, but object if a species might be displaced. But it will alzo reduce our
wirid farm is built next to their house. need for fossil fuels, so will help to reduce climate change.

. Science Can’t Answer i:?er? aui.isti.ﬁn — Especially Ethical Ones .

1) We don't understand everuthing. We're always finding out more, but we'll never know all the answers.
2} In order to answer scienfific questions, sdentists need data fo provide evidence for fheir hypotheses.
3} Bome questions can't be ancwered yoi because the data can't eurrently be collected,
or bacause there's not encugh data o support a theory.
4] Eventusily, as we get more evidence, we'll answer some of the questions that currently can't be
anewered, .. what the impact of global warming on sea levels will be. Buf there will always be the
"Should we be doing this at all?"-type questions that experiments con'{ hdpmiﬂmm

. hnnmpkﬂﬂi@h@mﬁqmﬂdk@mmmmﬂmhm
New druge could let pecple think in ways beyond the powers of hormal brains.

* Other people say they're bad — they could give you an unfair advantage in exams. MP'MP"B :
might be precsured into teking them so that they could work more effectively, and for longer hours.

Tea to milk or milk to tea? — Totally unanswerable by science...

Science can't tell you whether or not you should do something. That's for you and society to decide. But there are
tons of questions science might be able to answer, like where life came from and where my superhero socks are.

Working Scientifically



By reading thiz page you are agreeing to the Hek of a paper cuf or severe drowsiness...
Nothing is Completely Risk-Free

1) A hagard is something that could pofendisfiy cause harm.

2} All hazards have a risk atiached 1o them — this is fhe chance that the hazard will causze harm.

3} The ricks of some things seem pretty cbyvious, or we've known asbout them for a while, like the risk of
causing acid rain by polluting the atmosphere, or of having a car secidend when you're fravelling in a car.

4} New technology arksing from scientific advances can bring new rsks, e.g. sclentiste are unsure whether
nanoparicles that are being used in cosmetics and suncream might be harming the cells in our bodies.
These risks need to be considered slongside the benefits of the technology, e.g. improved sun profection.

5} You can estimate the size of a rick based on how many times something happens in a big sample (e.g.
100000 people) over a given parigd (e.g. a year). For example, you could assess the rek of a driver
eraching by recording how many people in a group of 100000 drivers crached their cars over a yoar.

8] To make decisions about activities that involve hazerds, we need o fake info account the chance of

Fa

the hazard causing harn, and how serdous the consequences would be i H did. If an activity involves a
hazard that's very [fkely fo cause harm, with serious consequences W if does, it's considered high risk.

Poople Make Their Own Decisions About Risk

1) Mot all risks have the same conssquences, e.g. if you chop veg with a sharp knife you rsk cutting your
finger, but if you go scuba-diving you Hek death. You're much more [ikely fo eut your finger during

2} People tend fo be more willing to accept a Hak iF they choose fo do something {e.g. go scuba diving),
compared o having the rgk imposed on them (e.g. hoving 8 nuclear power sfation bult next door).

Lmant LS Lo

view fomilizr activities as low-risk and unfamilizr activities as high-rick — eaven  that's not the caga.
For example, cycling on roads is often high-risk, but many pecple are happy to do it because H's a

4} People may underestimale the rsk of things with long-term or invisible effects, e.g. using tanning beds.

Investigations Can be Hazardous
1) Hazards from science experiments might include:
+  Microorganisie, e.g. some bacteria can make you Hl.
+ Chemicals, e.g. sulfudc acid can burn your skin and alcochols cateh fire easily.

= Firg, e.g. an unatfended Bunsen burner is a fire hazard. \ - -_
+  EHeeideiy, e.g. faulty electrical equipment could give you a shock. 5 Sl ".fii |1_.r:'
2} Part of planning anh investigation iz making sure that it's zafe. i 7

3} You should alweys make sure that you identify all the hazards that you might encounter. Then
should think of ways of reducing the risks from the hazerds you've identified. For example:

*  If you're working with sulfuric acid, slways wear gloves and safety goggles. Thiz will reduce
the risk of the scid coming info contact with your skin and eyes. ‘J:r““”:.:ém”1”””“'"'”“'
* If you're using a Bunsen burner, stand it on a heat proof maf. u:“;ki f:‘*“w?ﬂh_!hfhwxds
This will reduce the risk of starting a fire. g v

Interret research, or aski rteacher, =
-'lll|'H|l|mlI-I|||||rlul?l’~‘:c”|'l'||||.|.||i.'c‘~

£

-

LR

Not revising — an unacceptable exam hazard...

The world’s a dangerous place, but if you can recognise hazards, decide how to reduce their risks, and be happy to
accept some risks, you can stll have fun. Just maybe don't go skydiving with a great white shark on Friday 13th.

Working Scientifically



4

Designing Investigations

Dig out your lab coat and dust down your badly-seratched safety goggles... W's invesfigation tine.
fnvestigitions Produce Evidence to Support or Disprove a H‘ypothesis '

1) Becientists observe things and come up with hypotheses to explain them (sees p.1).
You need to be able to do the same. For example:

Observation: People have big feet and spois. Hypothesis: Hawving big feet causes spois.

2) To determine whether or not a hypothesis is right, you need to do an i ation fo gather
evidence. To do this, you need fo use your hypothesis fo make a prediction — something you
think will happen that you can test. E.g. people who have bigger feet will have more spots.

3} lIrwestigations are used to see if there are patierns or relationships befween fwo varables, e.g. fo
see if there's a pattern or relationship between the variables 'number of spole’ and "size of feet’.

Evidence Needs to be Répeatahle, Repmduci.hle and Valid
1) Repeatsble means that if the same person does an experiment again using LTI RLR I I I

the same methods and equipment, they'll get similar results. E m:ff“ﬁ“"“” =
2} Reproducitle mesns thet if someone eloe does the experiment, or 8 different = ad chudie, ; E

method or piece of equipment is used, the results will shill be similar. T
3} W data iz repeatsble and reproducible, #'s reliable and sclentfists are more likely to have confidence in #.

4) Velid recubtc are both repestable snd reproducible AND they snower the orginal question.
They come from experiments that were designed to be a FAIR TEST...

To Make an Investigation a Fair Test You Have to Control the Variables

1) Ina lab experiment you usually change one varable and measure how # affects snother variable.
2} To make it & fair fect, everything else that could affect the results should stay the same

— otherwize you can't tell if the thing you're changing iz causing the resulfs or nof.
3) The veriable you CHANGE iz called the INDEPENDENT variable.

4} The varable you MEASURE when you change the independent variable iz the DEPENDENT variable.
5) The variables that you KEEP THE 2AME are called CONTROL varables.

You could find how temperaturs affects the rate of an snayme-conirolled reaction. The independant
variable iz the temperature. The dependent variable iz the rate of reaction. Confrol variables
include the concentration and amounts of reactants, pH, the time period you measure, efc.

6) Because you can't always confrol all the varables, you often need fo use a confrol experiment. This is
an experiment that's kept under the same condifions as the rest of the investigation, but doesn't have
anyfhing done fo K. This iz so that you can see what happens when you don't change anything af all.

The Bigger the Sample Size the Better

1) Data based on small semples isn't as good ss data bazed on large samples. A sample should represent
the whole populafion (i.e. i should share as many of the characteristics in the population as possible) —
& small sample can't do that as well. I¥'s also harder o spot anomalies I your sample size is foo small.

2} The bigger the sample size the betfer, but scientists have fo be realistic when choosing how big.
For example, if you were studying the effects of living near a nuclear power pland, H'd be greaf fo study
everyone who lved near 8 nuclear power plant (a huge sample), but H'd fake ages and cost a bomb.
'z more realictic o study a thousand people, with a range of ages, gender, and race.

This is no high street survey — it's a designer investigation...
Mot only do you need to be able to plan your own investigations, you should also be able to look at someone else’s
plan and decide whether or not it needs improving. Those examiners aren’t half demanding.

Working Scientifically



5

Collecting Data

You've designed the perfect invesfigation — now H's fime fo get your hands mucky and collect some data.

Your Data Should be Repeatable, Reproducible, Accurate and Precise

]
2)

3)

4)

To check repeatabiliiy you need fo repeat the readings and check that the resulis are similar.
You need to repeat each reading at least three fimes.
To make sure your resulte are reproducible you can eross check them by faking a

depends on your method — you need fo make sure you're measuring the Poppant | e (| Puie v
Hght thing and that you don't mise srything that should be included in the : - 2
measurements. E.g. estimating the amoont of gae released from a reaction - = L
by counting the bubbles isn't very accurate because you might miss some of |2 L 3 =

the bubbles and they might have different volumes. W's more scourate to
rmeasure the volume of gas released using a gos suringe (see p.232). Dﬂ*-lu:f 1;::::5“&
Your data slso needs to be PRECISE. Precise resulis are ones where the data is all " ’
really close o the mean (average) of your repeated resulis (i.e. not spread out).

Your Equipment has to be Right for the Job

1)

3)

The measuring equipment you use has fo be sensitive enough fo measure the changes you're looking for.
For example, if you need fo measure changes of 1 em® you need fo use a8 measuring eylinder or burette
thet cah measura in 1 em® steps — #'d be ho good trying with one fhat only measures 10 om® stepe.

e e

balances have a rezolution of 1 g, some have a resolution of 0.1 g, and some are even more sensitive.

Alzo, equipment heeds to be calibrated by measuring a known value. If there's a differerice between the
measured and known value, you can use thiz fo correct the inaccuracy of the equipment.

; i';uu !-i-ee-d-tn.l.oﬁk out fﬁr Ermrs and j.ﬁoma"lﬁus ﬁésnifs .

I

2)

3)

4)

5)

8)

The resulte of your experiment will ahways vary 5 bif beesuse of RANDOM ERBORE — unpredictable
differences caused by things like human errors in measusng. The errors when you make a reading
from a ruler are random. You have to estimate or round the distance when i's between fwo marks
— =0 sometimes your figure will be a bit above the real one, and sometimes if will be a bit below.

You can reduce the effect of random errors by taking repeat readings and
finding the measn. Thiz will make your resulis more preciza,

if a measurement is wrong by the same smount svery fime, t's called EdiTGGG

a TYSTEMATIC ERROR. For example, if you measured from the W i Sm'f:t!u:l lrlr:;:,
very end of your ruler instead of from the 0 em mark every time, all your then daing. repeats gnd
measurements would be & bit small. Repeating the experiment in the exact ~ “I™9ng 3 mean can ok,

[ FOUF resdfs
same way and caleulafing 8 mean won't correct & systematic error. *“'”mm'.'ﬂ'f.’.“f‘.‘ﬂ"f?,f

Just b make things more complicated, i a systematic error iz caused by uging

equipment that isn't zesoed propeely, H's called a ZERO ERROR. For example, f 8 mass balance

always reads 1 gram before you put anything on i, &l your measurements will be 1 gram foo heavy.
You can compensaie for some systematic errors if you know about fhem though, e.g. i your mass
balance always reads 1 gram before you put anything on # you can subtract 1 gram from all your results.
Bometimes you get a resulf that doosn't fit in with the rest at all. This is called an ANOMALDUS
HESULT. You should investigate # and try to work out what heppened. W you can work out what
happened (e.g. you measured something totally wrong) you can [grore # when processing your results.

L

LITefaph

vHrpdp

Watch what you say to that mass balance — it's very sensitive...

Weirdly, data can be really precise but not very accurate. For example, a fancy piece of lab equipment might pive
results that are really precise, but if it's not been calibrated properly those results won't be accurate.

Working Scientifically
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Processing and Presenting Data

Processing your data means doing some calculations with i to meke B more useful. Once you've done
that, you can present your resulis in a nice chart or graph {o help you spot any paterns in your data.

Data Needs to be Organised |

Tables are dead useful for mw When you draw a table use a ruler
and make sure sach column has & heading (including the uniz).

Yuu Might I-Imne to P Prucess s Your Data

I:l W'Im gw"mm mpuninufnn expermant gmniu:n.id always calculate the mean (& fype of sverage).
To do this add together all the data values and divide by the total number of values in the sample.

2) You might also need fo caleulate the range (how spread out the data is). M‘;E‘;::';:;:‘f
To do this find the largest number and subiract the smallest humber from if. e s when

W,

v

= caloalating thess
The results of an a:pcrmnttoﬁndﬂuvohmauf produced in an i
:n:qmu—mnh‘n“sd reaction are shown bel Hupmnvmlumeand tl'lermgu
28 37 {25+3?+32] 3—32 IF-28=9
3) You might also need to calculste the median or mode (fwo more fypes of average). 1"”“
To calculate the medien, put all your data in numerical order — the median iz the = Hyou L;:LL'E";L"
middle value, The number that appears most often in 8 data sef is the mode. = number of vaes,
= the median &

Eg.Hyouhave the dataset: 1 2113 4 2 = hadfway between the
The medianis: 1 11 2 2 8 4. The mode iz | because | appears most offen. = middle twa values,

LR N AT T,

RN IR

Round to the Lowest Number of Significant Figures
The firsf significant figure of a number is the first dight that's nof zero. The second and fhird significant
figures come straight affer (even if they're zeros). You should be sware of significant figures in calculations.
1} Inany esleulstion, you should round the anewer o the lowest number of significand figures (e.f.) given.
2] Remember to write down how many significant figures you've rounded fo affer your ancwer.
3] W your calculation has mulfiple steps, cnly round the final ahewer, or i won't be as accurate.

The mass of a solid is ©.24 g and its velume s ©.715 cm®. Calculate the density of the selid.

Fanal should
Density = 0.24 g + O.715 cmy! = 0.33566.. = 034 glem’ (2 af) — o eyt 10

BEET T

If‘fnur Data Comes in Categories, P:resent It in a Bar Chart

1) IH’hn independont uuialﬂala categorc {mmhd&nﬂm na{nguﬂm
a.p. flower colour, blood group) you should uese a bar chart fo display the data.

2) You aleo use them i the independent variable iz discrete (the data can be counted in chunks, where
there's no in-befween value, e.g. number of protons i dizcrete because you can't heve half a proton).

3) There are some golden rules you need fo follow for drawing bar charts:

The scale peeds to be - \ IF yonive got tha
lincar {there should 5 you've more than ane
e L B -Z D Frogparfiand  gomt®™ .\ of data mehede a key.

R B s 4 D Brocooliland
each davizian]. £
/'—E D s i o it
2
Remember to " least halF of the graph paper).
inchude the snits. g ! HEF
0

Labzl both auxes. m “:m'_-'m_hr'“ s Leave nm%ﬂ dhifferent ra‘bngaic:.



If Your Data is Continuous, Plot a Graph

If both variables are condinuous (humerical data that can have any value within & range,
e.g. length, volume, temperature) you should use a graph to display the data.

Here are the rules for plotting points on a graph:

To plot poents,
Ul the biggest daka T 1 o use 2 sharp I *
' ot o draw a 104 Graph fo Show Produst pencil and make
values you've g s — B EAlHE i )
serpibie soale on your aoes. / Agningt neat fitthe crome o iclged
Here, the hlﬂhﬂt amournt of E a et I i vid EiT1 ] Taea] | {dent do blobs). unchear marks

product formed is 28 omr,

=0 it makes sense to Label 0P 5 0 LB i IF youire asked ks draw a line {or curve) of
the ywos up to 10w’ ‘g | bzt fit, draw 2 Bne through or as pear to
:F @ | a5 [T pg_li.n‘h' L3 ..pml:'l, ?mmgz.n}'
. . g‘- e T & f 1t arsmialows readte Dot Jnmﬂ'b! CIOSSEs U
The aeprrdent variable & E |
goes on the s / 2 * | anomedous vendt

{the wertical omel. | | Chrarwe 2t mice and big {eovering at

least half of the graph paper).

The independent varisble goes an 0 e . . *

o 2 B8 B i} 5
the s {the honzontal one). e Taing: (] S Remember to mchude the wunits.

Graphs Can Give You a Lot of Information About Your Data
1) The gredient {slope) of a graph tells gyou how i iny
quickly the dependent variable changes if you E""h“ =
change the independent variable, se— ohange in X

This graph shows the volume of gas produced in a reaction against time. :—

The graph iz linear (H's a straight line graph), so you can simply
caleulate the gradient of the line fo find out the rate of reaction. \, &

1) To eelculate the gradiend, pick two poinds on the line
that are easy fo read and a good distance apart. %
2} Draw a line down from one of the points and a line scross from the

other fo make a friangle. The line drewn down the side of the triangle
iz the change in y and the bne across the botiom is the change in x.

Change iny = 6.8- 2.0 =48cm® Changeinx=52-16=3.6s

ate = gradient iny _ 48cm’ i = M something :
= = = = o = dll'lq.hm o
R inx Z8: 1.3 g —rrmf‘r*:ﬁiﬁﬁhhrﬂuhm =
Flaggaig T T

mlmihufﬂkgmdimtmfunﬂsu[}'] wundts of ¥, cmfs can sho be written as cmis Y LR g py

2} To find the gradient of & curve at 8 certain poind, draw a fangent o the curve at thaf poini
and then find the gradient of the tangend. See page 148 for detalls on how fo do this.

3) The intercept of a graph iz where the line of best fit crocses one of the axes. The x-infercept is
where the line of best fit crosses the x-axic and the yintercept iz where H crosses the y-mds.

Graphs Show the Relationship Between Two Variables
1} You can get three types of correlation
(relafionship) between variables: e,

2) Just because there's correlation,
it doasn't mean the change in one

variable is causing the change in EOSIIVE soncation:  INVERSE (nogative] cooslation: MO comslaions
hﬂi‘l"ﬂ—ﬁlwﬂm@“’bﬂ as one variable noregses as one varable ipcroases I:uhwmn

ofher factors involved {m page 9}_ the other increases. the other decreases. l]"l! o wariables.

I love eating apples — I call it core elation...

Science is all about finding relationships between things. And I don’t mean that scientists gather together in
corners to discuss whether or not Devini and Sebastian might be a couple... though they probably do that too.

Working Scientifically
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Units and Equations

Graphs and maths skills are all very well, but the numbers don't mean much i you can't get the units right.

$.I. Units Are Used All Round the World |

; Cuiaatity 51 Base Unit
1) W wouldn't be all that useful i | defined volume in terme of bath fubs, == T
you defined it in terms of egg-cups and my pal Barwat defined i in
terms of balloons — we'd never be able to compare our data. h?ﬂ'h i
2) To stop this happening, scientists have come up with a set of m: ;""d'm;
siandard units, called 8.1. units, that all scientists use fo measure .
their data. Here are some .1, units you'll see in BOQE Qcience:ss P tempertur e &

ﬁcaiing Prefixes Can Be Used for Large and Small Quantities

1) Quantifies come in a huge range of sizes. For example, the volume of a swimming pool
might be around 2 000 000 000 em®, while the volume of a cup is around 250 cm®.

2) To make the size of numbers more manageable, larger or smaller units are used.
These are the 5.1, baze unit (e.g. metres] with a prefix in front:

aiga [G) mega (M) kilo (k) | deci fd) | conti {c) | milli {m} micro [p) nanc {n}
"multiple of unit. 10° |1oooooconod | oo | o1 | oo | ooot | ooooooines | 1o
MLk r (1 TINTRE R
3) These prefixes tell you how much bigger or emaller 8 unit is ::"H.' sl e i Di-u';,:'l:
than the base unit. 8o one kilometre is one thousand metres. e siraaler . g ko B Loy iz

ST G T A (T T i L
4) To gwap from one unit fo another, all you heed to khow iz what number you have fo divide or ’

* To go from a bigger unit {like m) to a smaller unit {like cm), you mulliply by the conversion facfor.
* o go from a smaller uni (ke g) to a bigger uni (like kg), you divide by the conversion factor.
G) Here sre some conversions that'll be useful for GCSE Sclence:

Mazs can have Energy can have  Volume can have unifs of  Length can have lofs of unifs,
unite of kg and g.  uns of Jand k).  m%, dn® and em®. including mm, pim and hm.
= 1000 = 1000 = 1000 2 1000 * {000 » 1000
i " P ——
kfe 8 kl "lru..____,,.-a-‘J ma‘l-._.f&"a:l.__,.f em® MM MM ﬂm
S looo 1000 +1000 1000 #1000 + 1000

Always Check The Values Used in Equations Have the Right Units

1) Formulas and equations show e : :
relationships bet wariables. “fou can find the sgeod of a wawe using the equation:
wave speed = frequency = wavelength. You can rearrange
2) To resrrange an equation, make sure that thi : I S g
: is equation to find the [reguancy by dividing sach sids by
whatever you do to one side of the equation wavelength to give frequency = wave speed + wavelength.
you also do to the oiher side.

3} To use a formuls, you need 1o know the values of il bui one of the variables. Subsiituie the

values you do know into the formula, and do the calculation to work out the final variabla.

4) Always make sure fhe values you puf into an equation or formula have the right s,
For example, you might have done an experiment to find the speed of a frolley. The distance the
trolley fravels will probably heve been measured ih em, but the equation to find speed uses disfanee

I wasn’t sure I liked units, but now I'm converted...

It easy to get in a muddle when converting between units, but there’s a handy way to check you've done it right.
If you're moving from a smaller unit to a larger unit {e.g. g to kg) the number should get smaller, and vice versa.

Working Scientifically



Drawing Conclusions

Congratulations — you're nearly at the end of a gruelling investigation, fime fo draw conclusions.
Ynu Can Only Conclude What the Data Shows and NO MORE |

1) Drawing conclusions might seem pretty straightforward — you just look aiugurdaiuu-rd
say what pattern or relafionchip you see betwesn the dependent and independent variables.

Thefale o fhe righ concLusIon:

shows the rate of & A 195 Catalyst B makes this
reaction in the presence of B 5.5 reaction go facter
two different catalysts: No catalyst EE than catalyst A.

2) But you've got fo be really careful that You can't conclude that catalyst B increases the
your conclusion matches the daia rate of any other renction more than catalyst A
umfwﬂﬂflddnm*iﬂgﬂﬁn'ﬂim..ﬂ* — the results might be completely different.

3} You also need to be able to use your resulis
fo justify your conclusion {i.e. back up The rate of this reaction was 8 cm’/s fasier

your conclusion with some specific data). =3 using catalyst B compared with catalyst A.
4) When writing a8 conclusion you need to refer back 1o the original hypothesis and say whether the data
supporis if of nOf: e 11, pyinothesie for this experiment might have been that
catalyst B would make the resction go quicker than
catalyst A. If so, the data supporis the hypothesis.

Correlation DOES NOT Mean Cause

If two things are correlated (i.e. there's a relationship between them) # dossn't necessanly mean a change
in one varable is causing the change in the other — this ks REALLY IMPDRTANT — DON'T FORGET IT.
There are three possible reasons for a correlation:

1) CHANCE: It might seem strange, but fwo things can show a correlation purely due to chance.

For example, onhe study might find a corralation belween people’s hair colour
and how good they are at frishes. Bt other scientiste don't get a correlation
when they investigate H — fhe results of the first sfudy are just a fluke.

2) LINKED BY A 3RD VARIABLE: A lot of the time i may look as if & change in one varable
is causing a change in the other, but if isn’t — a third variable links the two things.

For example, there's a correlafion between water ferparature and shark atfacks,
Thiz isn't because warmer water makes sharks crazy. Instead, they're linked by
& third variable — the number of people swiniming (more people swim when the
water's hoter, and with more people in the water you get more chark affacks). -

R, —
= ,55"
3) CAUZE: Somefimes a change in onhe varsble does cause a change in the [ §
other. \humnmiumrduda-ﬁhufamrdnﬂu-lsduninmwﬁmumvn ;
e arigbles that could, just could, be affecting the result.

l-'urnmrq:l ihamnabmd&lhnbuhwmuhmkmgmrdl ng cancer. This ks because
dwdndnlnmhﬂmummknmmnlurgunmw Thiz eonclusion was only made

I conclude that this page is a bit dull...

...although, just because I find it dull doesn’t mean that | can conclude it's dull (you might think it’s the most
interesting thing since that kid got his head stuck in the railings near school). In the exams you could be given a
conclusion and asked whether some data supports it — so make sure you understand how far conclusions can go.

Working Scientifically
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Uncertainties and Evaluations

Hurrah! The end of another investigation. Well, how you have fo work out all the things you did wrong.

Uncertainty is the Amount of Error Yonr Measurements Might Have

1) When you repeat a measuremant, you often get a slightiy different figure each fime you do H
due to random errer. This means that gach result has some uncertainty fo i,

2} The measurements you make will also have some uncerfainty in them due to The range is the largest value
limits in the resolution of the equipment you use [see page B). minus the smallest vabue ().

3) This all means that the mean of a set of results will also have some uncertainty range
{o H. You can calculste the uncertainty of & mean result using the equation: uncartainiy = o

4} The larger the range, the less precise your resulls are and the
there will be in your resulis. Uncertasinties are shown using fthe '+' symbol.

The table below shows the results of a respiration experiment to determine the volume of

carbon dioxide produced. Calculate the uncertainky of the mean.

T e [T =R e, 1} First work out the range:
Repeat 1 2 3 | mean 4
o ST Range = 20.1 — 198
Wolume of CO, produced [em?®) 204 | 198 | 200 | 200 g
= 0300 em’

2} Use the range to find the uncertainty:
Unrcertainty = range + 2 = 0300 + 2 = Q150 cm®. So the uncertainty of the mean = 2000+ 0150 o’

5) Measuring a greater amount of something helps fo reduce uncertainty. For example, in a rate of
reaction expedment, measuring fhe amount of product formed over a longer period compared o a
shorter period will reduce the percentage unceriaindy in your resulis.

Evaluations — Describe How it Could be Improved

An eveluafion is a critical anelysis of the whole investigation.
1} You should comment on the method — was i valid?
Did you control all the other variables to make it a fair fest?

2) Comment on the gualify of the resulls — was there enough evidence to reach a

3) Were there any anomalous resulis? I there were none then oy so. I there were any, fry fo explein
thetn — were they caused by srrors ih measurement? Were there any other variables that could have
affecied the results? You should comment on the level of unceriainty in your results too.

4) Al this analysis will allow you to say how confident you are thet your conclusion is rght.

5) Then you can suggest any changes fo the meihod that would inprove the quality of the resulis,
so that you could have more confidence in your coneluston. For example, you might suggest changing

more measurements at narrower indervals could ghve you a more accurate reculi. For example:

Enzymes have an oplirum fempersiure (a femperature at which they work best). 8ay you do an
to find an enzyme's optimum temperature and fake messurements at 10 *C, 20 °C, 30 °C,

the experiment, faking more measurements sround 40 "C fo a gef a more sccuraie value for the opfimum.

B) You could also make more predictions based Ao IR Db L R R R TR b
lusion., #h £ F A = 'HW&H!umesﬁng- P wenks o the i -':u': ﬂl‘lﬂ.‘lFl'ﬂﬂkE :—
onh Lour S er_gxperimants = sure that you say why you thenk. this would make the results better. =

could be carred out to test them. B N O T LT LT T e

Evaluation — next time, I'll make sure I don’t burn the lab down...

So there you have it — Working Scientifically. Make sure you know this stuff like the back of your hand. 1t's not
just in the lab that vou'll need to know how to work scientifically. You can be asked about it in the exams as well.

Working Scientifically



Topic Bl — Cell Biology 11

When scomeone first peered down a microzcope et & slice of cork and drew the boxes they saw,
Iittle did they know that they'd seen the bullding blocks of every organism on the planet...

Organisms can be Prokaryotes or Eukaryotes
1) Alllving things are made of cells.
2) Cells can be either prokaryofic or eukaryofic. Eukaryotic cells are complex and include
all anitnal and plont cells. Prokaryotic cells are croaller and shinpler, e.g. bactedia (see below).
3) Eukaryoies are organiems that are made up of eukaryofic cells,
4} A prokaryote is a prokaryolic cell (i#'s a single-celled organism).

Plant a.nd .E.nimal Celis have Simllanties and leferences '

The different partz of a cell are called subcellular structures.,
Mozt animal cellz have the following subcellular structures — make sure you know them afl:
1)  Mucleus — containg genetic maferial that controls the activities of the cell.

2] Cutoplasm — gellike substance where most of the chemical reactions happen.

It containg enzumes |see page 25) that confrol these chemical reactions.

3) Cell membrane — holds the cell together and t:u-rlmfnvmnfﬂnmhardnu’r.

4} Milochondrin — these are where most of the reactions for serchi aj
place (see page 55). Rmpbnﬂunirannhmm!ﬂihﬂlihandlnudamwmk

5} Ribosomes — these are where profeine sre made in the cell.

Plant cells usually have sll the bits that animal eells have, plus a few oxira
things that animal cells don’f have:

1} Rigid cell wall — mede of cellulose. It supports the cell and strengthens i.
2) Permanent vacucle — confaing cell zop, a wesk solution of suger and calte.

3) Chloroplasts — these are where photosynthesic occurs, which makes
food for the plant (see page 50). They contain a 0o i,

green substance called chiorophull, which absorbs = TP @ of algse feg seaweed) alsa

= b a rigid cell wall an é
the light needed for photosynihesis. T P Pttt
5r||.|1l||I||l|1Jr'|||n||~|.|4|I-I|.|l..-
Bacterial Cells Are Much Smaller 2" gt o the s of el writen =
i standard Farm (see the nedt page agel. &
Bacteria are prokaryotes. Here's what a bacterial cell might look like: FR e R s A
Cell membrane Call wall Bacterial calle don't have & 'frue’
W nuclous — inetead they have

a gingle circuler sfrand of DMA
that floats freely in the cyfoplasm.

Bacteria don't have

chioroplasis or mitochondda. They may also contain ohe or more

small rings of DNA ecalled plasmids.

Cell structures — become an estate agent...

You could get asked to estimate the area of a subcellular structure in your exam. If you do, treatitasa
regular shape. For example. if it's close to a rectangle, use the area formula *area — length = width’.

Q1  Give two differences in structure between prokaryotic and eukaryotic cells. [2 marks]

Topic B1 — Cell Biology
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Microscopes are pretly imporfant for biclogy. So here's a couple of pages all about them...

Cells are Studied Using Microscopes '
1) Microscopes let us see things that we can't see with the naked eye. The microscopy fechniques
we cah use have developed over the years as fechnology and knowledge have improved.

2) Light microseopes use light and lenges to form an image of a specimen and magnify # (make it look
bigger). They let us see ndividual cells and large subcellular structures, e nuclsl.

3) Electron microscopes use slecirons instead of light to form an image. :WS;: I\‘I:.:H';'flu.—__

: PR - ok =

They have a much higher magnification than light microscopes. = thm-mmﬂ: =

4) They also have a higher resolufion. |Resolution is the ability to distinguish :’n Iliﬁm MiErascope, 5
betwaen fwo poinds, so a higher resolution gives a sharper imape.) AL

G) Eleciron microscopes let us see much smaller things in more defall, ke the infernal struciure of
mitochondris and chloroplasis. They even let us see finker things ke rbosomes and plasmids,

You Need to be Able to Use the Formula for Magnification

You can calculate the magnification
of an image using fhis formula: IF you want 10 work out .
the knade size Or the 'CU':'!FHF:HE'I‘J‘.‘IG
P image size cealsizs OF the Object, Ak S P
magnification = e %t Ea) remeradige the The parts you can =il
real size equakion using this soe Are 'E: hF:.rmda
L g2 e
Imaige sire and real sre should have the seme urets. forrmua. toangls i
lFlhe_'f don't, }w.lu'” roeed to corvert Huern Brsk (e page B).
A specimen is 50 pm wide. Calculate the width of the image of the
specimen under a magnification of x 100, Give your answer in mm.
1 1 i F I FEemember, to comvert
1) Ezarrange the formula image size = magnification « real size fram micrometres {pm

ta millimetres (mm),

2] Fill in the values you know image size =100 = 50 od 1o divide b
3} Remember the unils in your answer = mDD-Ij"/FTDTEG [see pd). 4
4 E'E' BONTH pami 4

Conyert the units. =5 mm
1000 =5 mm

' You Need to Know How to Work With .Numher_s in Standard Form
1) Because microscopes can see such finyg objects, somefimes t's useful fo write numbers in gtandard form.

2} Thiz iz where you change very big or small numbers with lofs of zeros info something more manageable,
a.g. 0.017 can ba written 1.7 » 1072,

3) To do this you just need to move A mitochondrion is approximately ©.0025 mm long.

the decimal point left or right. Wirite this figure in standard form.

4} The number of places the decimal 11 The first number needs to be between 1 and 100 so the
point moves iz then represented decimal point needs to move after the 2% D.rmf-
by a power of 10 — this iz 2)  Count how many places the decimal point has moved g
positive if the decimal point's — this is the power of 10, Don't forget the minus sign R

moved 1o the |eft, and negative

i it'e moved o the right. because the decimal point has moved right.

Your resolution to revise should be increasing right now...
Keep an eye on the units for that equation — if they're not the same, it just won't work.

Q1 A cheek cell is viewed under a microscope with = 40 magnification. The image of the cell 1 id
is 2.4 mm wide. Calculate the real width of the cheek cell. Give your answer inpm.  [2 marks]

Topic Bl — Cell Biclogy
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More on Microscopy

I¥'s all very well knowing what microscopes do — you also have to know how to actually use one.

You Need to Prepare Your Slide

If you want to look at a specimen (e.g. plant or animal cellz} under a light microscope, you need fo put i
oh a microscope slide first. A slide is & sidip of clear glass or plastic onfo which the specimen is mounded.

Hera's how to prepare a slide fo view onion cells:

1) Add a drop of waier to the middle of a clean slid. Aol g
2} Cut up 8h onich and separate H out info [agers. Use tweezers to peel off Cover <ip

gome epidermal fiscue from the bottom of ohe of the layers.

3) Using the tweezers, place the epidermal fissue info the wafer on the slide. Spesimen
4) Add a drop of lodine solution. lodine solution is a stain. ’h'in"fm"“ﬂ' e

Ofaine are used fo highlight objects in a cell by adding colour to them.

5} Place a cover slip (a square of thin, fransparent plastic or glass) on fop. To do this, stand the cover slip
uprighi on the slide, next io the water droplet. Then carefully tit and lower H so i covers the specimen.
Try not to get any air bubbles under there — they'll cbetrued your view of the specimen.

 Use a Light Microscope to Look at Your Slide
To look at your prepared slides, you need o know how to use a light microscope:

1) Clip the slide you've prepared onto the stage. Eyepiece
2] Balect the lowsst-powsrad objsctive lens

(i.e. the one that produces the lowest magnification). g,
3) Use the coarse adjustment knob fo move the stage up “ﬁﬂf‘“

to just below the objective lens.

4} Look down the syepicce. Use the coarse adjustment knob fo
move the stage downwards until the image is rouphly in focus. Fing

5) Adjust the focus with the fine adjustment knob, unfil you get  adustment e
a clear image of what's on the slide. kot g S:"'-:t
8) If you need to see the slide with greater mapnification, swap - 3
to a higher-powered objective lens and refocus.
Draw Your Observations Neatly with a Pencil
1) Draw what you see under the microscope using a8 pencil with a charp poind. ;
) Make sure your drawing fakes up at least half of the space —— cell wall
available and that it iz drawn with clear, unbroksn lines. e
8} Your drawing should ot include any colouring or shading. 3 2 -
4) W you are drawing cells, the subcellular structures s e mruagnification of
should be drawn in proportion. real length = O3 mm drawing = # 110

S LRE LR R T e L L P Ty LR
‘l‘nuunwkuuliherﬁlm;ﬁaceﬂb_rmm'_ﬂunurhrniullsy‘ou
[.-I.n-mahng. ?mmEmp)ﬁ!.‘ﬁNmmmhn\q:ﬁﬁuﬁmd
mapnification that i was observed under. your drawing using this formula: magnification ~ length of drawing of cell =
teal length of cell. So here, magnifieation = 33 mm + 0F mem = x 1405,
B) Label the important features of your drawing 7000 00000 LR RN CH 0L O B LY E R r L E Y

{e.g. hucleus, chloroplasis), using straight, uncrossed lines.

E) Remember to incude a tile of what
you wers oheerving and write down the

INLRY
I b

.\:,I'II

A light microscope is better than a heavy one...
If you can use a microscope, you're halfway to ruling the world. That's what I like to think, anyway.
1 Why might you add stain to the sample on 2 microscope slide? [1 mark]

Topic B1 — Cell Biology
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Cell Differentiation and Specialisation

Cellz don't all look the same. They have different structures fo suit their different funclions.

Cells Differentiate to Become Specialised _

1) Differentiafion is the process by which a cell changes to become specialized for Hs job.
2) As cells change, they develop different subcellular structures and furn into different tuypes of cells.
Thiz allows them to carry out specific functions.

3] Most differenttation oocurs as an organism develops.
In most gnimal cells, the ability to differentiate is @
then |ost af an early stege, after they become specialised.
However, lote of plant cells don't ever lose this ability.

4) The cells that differentiafe in mature animals are mainly used “"ﬂ‘:;'um

for repairing and replacing cells, such as skin or blood cells.
5) Some cells are undifferentiated cells — they're called stem cellz.  There's more about them on page 16.

You Need To Know These Examples of Specialised Cells

SPERM CELLE are specialisad for REPRODUCTION

The function of a spern is basically fo get the male DNA fo the female DNA.

M hes & long tall and 8 giresmlined head to help B swim to the egg.
There are a lot of mitochondria in the cell to provide the erergy needed.
It also carries enzumes in He head fo digest through the egg cell membrane.

NERVE CELLS are specislised for RAPD SIGNALLING

The function of nerve cells is to carry elecirical signals from one part of the body 1o
another. These cells are long (to cover more distance) and have branched connections

af their ends to connect to other nerve cells and form a petwork throughout the body.

MUBCLE CELLS are specialised for CONTRACTION

The function of a muscle cell is fo confract quickly. These cells
are long (so that they have space to contract) and contain lots
of mifochondria to generate the snergy needed for contraction.

ROOT HAIR CELLE are specislised for absorbing WATER and MINERALS

Root hair cells are cells on the surface of plant roots, which grow into long "haeirs" that stick out info
the soil. This gives the plant a big surface area for absorbing waier and mineral ions from the soil. i |

PHLOEM and XYLEM CELLE are specialised for TRANGPORTING SupgTANCER ™

Phloem and xylem cells form phloem and xylem tubes, which franspord

.

| ~ataninirieg,,

substances such as food and water around plants. To form the tubes, the cells gam;;:; Z—
are long and joined snd o end.  Xylem cells are holiow in the cenfre and phloam _-fdf'ldl',rﬂ'mm;__
page 40, =

cellz have very fow subcellular structures, so that stuff can flow fhrough them. =l = a
= CEENELET NN

Tadpoles and tent pegs — cells are masters of disguise...
You need to know how the structure of each of the cells on this page relates to its function. Lucky vou.
Q1 Plants transport food substances from the leaves to growing parts of the plant through phloem tubes.
Give one feature of a phloem cell that makes it specialised for its function. [1 mark]

)2 Describe how a root hair cell is specialised for ifs fimction. [2 marks]

Topic Bl — Cell Biology
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Chromosomes and Mitosis

In order fo survive and grow, our cells have got to be able to divide. And that means our DNA as well...

120 0 i
i o
A ] =

2 I on i

L Sl

| Chromosomes Contain Genetic Information

1} Most cells in your body heave a nucleus. The nucleus containg
your genetic material in the form of chromosomes.

2} Chromosomes are cofled up lengths of DNA molecules.

3) Each chromozsome carres a large number of genes. Different genes
control the development of different characteristics, e.g. hair colour. o

4} Body cells hormally have two copies of esch chromosome — one from the organism’s ‘mothes’, and one
from its "father’. 8o, humans have two copies of chromosome 1, two copies of chromosome 2, efc.

5} The diagram shows the 2 i ez from & humen cell.
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The Cell C}rcle Makes Hew Cel.ls fu: Grawth Ilelrelupment and Repair 1

I} M[‘.‘ﬂiﬂ i mg!hgn\llg!g organisme g_r:Le_ to pmduun haw nuln 8z part of arowth and £ W'&

repiicaticn

a series of stages called the cell cucle.
2) The stage of the cell cycle when the cell divides is called mitosis.
3) Mulicellular organisme use mitosts fo grow o replace cefls that have been damaged.
4} The end of the cell cycle resulfs in two new cells iderdical to the original cell,
with the same number of chromosomes.
5} You need to know sbout these fwo main stages of the cell cycle:

1) In a cell that's not dividing, the DNA is all spread out in long sirings.

2) Before it divides, the cell has fo grow and incresse the amount of
gubediular structures such as mitochondris and dbosomes.

3) It then duplicsies He DNA — so there's ohe copy The ket arm has
for each new cell. The DNA is copied and forms the same DNA a=

&5 the right arn of
Xﬁhapedmmm Ead’imnfl‘l’n -

Onee ifs confends and DNA have been copied, the cell iz ready for mitosis...

4} The chromosomes [ine up at the centre of the cell and cell fibres pull them
apart. The fwo arms of each chromozome go fo opposite ends of the cell.

E) Membranes form around each of the sets of chromosomes. These become
the nuclei of the fwo hew cells — the nucleus has divided.

8] Lasily, the cufoplasm and cell membrane divide.

The cell has now produced two new daughier ceflls. The daughter cells contain

4 y
exactly the same DNA — they're idendical. Their DNA iz also identical o the
@ (@ =u

A cell’s favourite computer game — divide and conquer...

Mitosis can seem tricky at first. But don®t worry — just po through it slowly, one step at a time.

1 A student looks at cells in the tip of 2 plant root under a microscope.
She counts 11 cells that are undergoing mitosis and 62 cells that are not.
a) Calculate the percentage of cells that are underpoing mitosis. [1 mark]
b) Sugeest how the student can tell whether a cell is undergoing mitosis or not. 1 mark]

Topic B1 — Cell Biology
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Stem cell research hag exciting possibilifies, but 's aleo prety confroversial.

Embryonic Stem Cells Can Turn into ANY Ty_l:_be of Cell

1) Differentiation s the process by which a cell changes to become spechalised for Hs job — see p.ld.

2] Undifferentiated cells, called stem cells, con divide to produce lots more undifferentiated cells.
They can differentiate into differend tupes of cell, depending on what instructions they're given.

3) SBtem cells are found in early human embrycs. They're exciting fo doctors and medical researchers because
they have fhe potential fo turn info sy kind of cell af all. This makes sense # you think about it — &ll the
different fypes of cell found ih a human being heve to come from those few cells in the early embeyo.

4) Adulis also have stem cells, but they're only found in certain places, like bone marrow. Unlike embryonie
stem cellz, they can't furh info any cell type &t all, only certain ohes, such as blood cells.

E) %fem cells from embryos and bone marrow can be grown in a lab fo produce glones (genefically idendical
eeflz) snd made to differendiate into specialised cells to use in medicine or Fesearch. e seias :

Stem Cells May Be Able to Cure Many Diseases

1) Medicine already uses adult stem cells to cure disesse. For example, stem cells transferred from
the bone marow of a healthy person can replace faully blood cells in the patient who receives fhem.

2} Embryondc stem cells could also be used to replace faulfy cells in sick people — you could make
insulin-producig cells for people with diabetes, nerve cells for people paralysed by spinal injurles, and so on.

3) In a type of cloning, called therapeutic cloning, an embryo could be made to have the same genetic
Informafion as the patient. This means that the stem cells produced from # would also contain the
same genes and so wouldn't be rejected by the patient's body I used to replace faulty cells.

4} However, there are rsks iwolved in using stem cells in medicine. For example, sfem cellz grown in the lab
may become contaminated with a virus which could be passed on to the patient and so make them sicker.

‘Some People Are Against Stem Cell Research
1} Bome pecple are againsi stem cefl research because they feel that human embryos
shouldn't be used for experiments since each ohe is a potendial hutnan life.

2} Others think that curing exisling patients who are suffering is more important than the righls of embryos.
3) They argue that the embryos used in the research are ususlly urwarded ohes from feedifify clinics which,
if they weren't usad for research, would probably just be desfroysd.

4} However, campaigners for the rghts of embryos feel that scientisfs should concentrate more on finding and

developing other sources of stemn cells, so people could be helped without having fo use embryos.
5} Ih some countries stem cell research is banned. H's allowed in the UK as long as # follows sirict guidelines,

Stem Cells Can Produce Identical Plants

1) In plants, stem cells are found in the meristems (parts of the plant where growth ocours — gee p.39).
2) Throughout the plant's entfire ife, cells in the meristem fissues can differentiate into any tupe of plant cell.
*  These sfem cells can be used fo produce clones (identical copies) of whole plants quickly and cheaply.

*  They can be used to grow more planis of rare species (1o prevent them being wiped out).

*  Dom celle can aleo be uzed fo grow crope of idenfical plants
that have desired features for farmers, for example, disease resiziance.

But florists cell stems, and nobody complains about that...
Whatever your opinion is, make sure you know the uses of stem cells and the arguments for and apgainst using them.
Q1 How can stem cells be used to preserve rare plant species? [2 marks]
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Particles move sbout randomiy, and after a bit fhey end up evenly speced. I¥'s not rocket science, is H...

Don’t Be Put Off by the Fancy Word

1) "Diffusion" is simple. W's just the gradual movement of parficles from places where fhere are [ofs of
them to places where there are fower of them — H's just fhe natural tendency for shuff to spresd oud.

2} Unfortunately you also have to learn the fancy way of saying the same thing, which is this:

DIFFUION s the SPREADING OUT of parlicles from an area of
HIGHER CONCENTRATION fo &, area of LOWER CONCENTRATION.

3) Diffusion happens in both solufions and geses — that's because the particles in these substances are
free fo move sbout randomly.

4} The simplest fype ts when different goses diffuse through each ofher.
Thiz is what's happening when the emell of perfume diffuses through the sk in 8 room:

g .7 B o Ra

e oar e & [ o] PHH:““H
oo 0 || © 8 0
parfunspurﬁdmb e o (o] in fhe air

E) The bigger the concentration gradient (the differsnce in concentration), the fasfer the difusion rate.
8) A higher femperafurs will also give a fasier diffusion rate because the parficles have more energy,

s0 move around faster.

Cell Membranes Are Kind of Clever...

1) They're clever because they hold the cell fogether BUT they let stuff in and ouf e well.
2) Dissolved substances can move in and out of cells by diffusion.
3] Only very small molecules can diffuse through cell membranes fhough
— fhings like cojgen (needed for respiration — see page 56), glucose, smino scids and water.
4 Big molecules ke starch and profeins can't fit through the membrane:

0 5 D)
. "t
Q ¥ Q Owgp @ &
& 9o .9
@Q %

5) Just like with diffusion in air, particles flow through the cell membrane from where thera's a
higher concentration (a lot of them) to where there's a lower concentration (pot such a lot of them).

8) They're only moving about rendomiy of course, so they go both ways — but i there are a lot more
parficles on one side of the membrane, there's a net (overall] movement from that side.

7} The larger the surface area of the membrane, the faster the diffusion rate, because more particles can
pass through &t ohoe — see page 20.

Revision by diffusion — you wish...
Wouldn't it be great if all the ideas in this book would just pradually dnft across into your mind... .
1 A student adds a drop of ink to a glass of cold water. 1 Wirdoa

i ¥ie
a) What will the student observe to happen to the drop of ink. Explamn your answer. [2 marks] e §
b} How might the observation differ if the ink was added to a plass of warm water? [ 1 mark]
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If you've got your head round diffusion, osmosis will be a breeze. I not, have another read of the previous page.
Osmuosis is a Special Case of Diffusion, That's All

OEMO2IE = the moverment of water molecules sorose 8 parfiall permashls membrane
from a region of highes wafer concentration fo & region of lowsr water concentration.

1) A parfially pormesble membrana s just one with very small holes in B, Qo small, in fact, only
tiny molecules (e water) can pass through them, and bigger molecules (e.g. sucrosa) can't.
2} The water molecules actually pass both ways through

the membrane during osmosis. This happens because o < o
water molecules move about randomly all the time.
3} But becsuse there are mope water molecules on one e o o
side than on the other, there's a steady net flow of 8 o
water into the region with fewer water molecules, B R
i.e. info the sironger sugar solufion. 5 D e
4} This means the strong sugar sclution gete more
diluie. The weter acte like iH's trying to "even up”® _ _
the concentration either side of the membeane. [ Het moverent of water moleoudes

5} ODesmosis iz a iype of diffusion — passive movement of water particles from
an area of highor water concentration fo an area of lower water concentration.

You can Observe the Effect of Sugar Solutions on Plant Tissue PRACTICK),

There's a fairly dull experiment you can do fo show osmosis at work.
1} You ewt up an inhocent potato into identical cylinders,
and get some beskers with different suger solutions Pure et e
in them. One should be pure water and another should | water Potsto b Eugar
be a very concanirated sugar solufion (e.g. 1 mol/dm?). cyfindsrs sohution

Theh you can have a few others with concentrations -
in between (e.g. 0.2 mol/dm?, 0.4 mol/dm?, 0.8 mol/dm?, eic.)

- — e —

\1Il|.||l|I|-||I.I'|I.II|-IIII'IL|Illll.l.:‘_

2] You measure fhe mass of the cylinders, then leave 2 Wm:mgﬂup':mmﬁemg
one cylinder in sach beaker for fwenty four hours or so. = t";ﬂ:';:u;;:athn s ylinders =

3} Then you take themn out, dey them with a Z that didet huve the same initial mass
paper towel and measure their masses again. = An increase i mass will ghue 3 positit

= ;nﬂ]d!ﬂ'ﬂ"i"

4) H the cylinders have drawn in water by osmosis, they'll have increased - "';::t:mh;fe rtage change.

in mags. I water hag been drawn out, they'll have decreased in mass. "e'nunmlnuy-tul““"'”"
You ean calculate the percenfage change in mass, then plot a few graphs and things.

6) The dependent varisble is the chip mess and the independent variable is the concentration of the
suger solufion. All other varables (wolume of solufion, temperature, time, type of sugar used,
etc. ete.) must be kept the same in each case or the experiment won't be a fair fest.

B) Like any experiment, you need fo be awere of how arrors (see p.5) may arse.

Sometfimes they may occur when carrying out the method, e.g. f some pofate o D s gy,
cylinders were not fully dried, the excess water would give a higher mass, or f - xT::“"'d?rmwou =
water gyaporated from the beakers, the conhcentrations of the sugar solutions Mumﬁm;:;ngm
would change. You can preduce the effect of these errors by repeating the i

see what effact they have =
experiment and calculafing a8 mean percentage change at each concentration. o podate chip s, =

VAU p gy g

FELErLAL
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.d"_frl

And to all you cold-hearted potato murderers...

Just remember, osmosis is really just a fancy word for the diffusion of water molecules. 1ts simple really.

a1 Explain what will happen to the mass of a piece of potato
added to a concentrated salt solution. [2 marks]
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Active Transport

Sometimes substances need to be abzorbed againet a concentration gradient, i.e. from a lower fo a
higher concentration. Thiz process is lovingly referred to as ACTIVE TRANSPORT.

Root Hairs Take In Minerals and Water

1) As you saw on page 14, the cells on plant roots
grow info "hairc" which stick out into the soil.

2} Each branch of a root will be covered in millions
of these microscopic hairs.

3) This gives the plant a large surface area for
abgorbing water and mineral ions from the soil.

4] Plants need these mineral ions for healihy growih.

5) The concentration of minerals is usually higher in
the root hair cells than in the so0f around them.

=""'”“Hruur

Root Hairs Take in Minerals Using Active Transport 5: m;m‘f;" {_5
1) Minerals should move out of the root hairs if they followed the rules of diffusion. = ﬁiﬁ?&* =
-'_.-rl.lrli“””;lll-::

The cells must use another method to draw them in.
2] That method is, in fact, & conveniently mysterious process called "active transport™.
3] Active fransport allows the plant fo shaorb minerals from a very dilute solution, againet a
conceniration gradient. This ie essential for ite growth. But active transport needs ENERGY

from respiration to make H work.
4] Active fransport also happens in humans, for example in taking glucose from the gul |see below),
and from the kidney tubules.

 We Need Active Transport to Stop Us Starving |
Active fransport is used in the gut when there is a lower concentration of nutrients in the gut,

but a higher concentrafion of nutrients in fhe blood.
1) When there's a higher concentration of glucose and
amino ackds in the gut they diffuse naturally info the blood.
2} BU] — sometimes there's & lower concentration
of nufrients in the gut than there is in the blood.
3) Thiz means that the concentration pradient is gut
the wrong wey.
4] The same process used in plant roots is
used here...
- Agtive transport”.
5] Active fransport allows nufrlents to be taken info the blood,

despite the fact that the concentration gradient is the wrong way.
8] This means that glucose can be taken into the bloodstream when s concentration in the blood is already

higher than in the gut. H can then be transported fo celfls, where #H's used for respiration (see p.B4).

HActive transport — get on yer bike...
An important difference between active transport and diffusion is that active transport uses energy. Imagine a pen
of sheep in a field. If you open the pen, the sheep will happily diffuse from the area of hizher sheep concentration
into the field, which has a lower sheep concentration — you won't have to do a thing. To get them back in the pen
though, you'll have to put in quite a bit of energy.
Q1 What is the purpose of active transport in the gut? [1 mark]
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Exchange Surfaces

How easily stuff moves between an organism and Hs ervironment depends on e surface area fo volume retio.

Organisms Exchange Substances with their Environment

1) Celle can use diffusion to fake in substances they need and get rid of waste products. For example:
= Oxygen and carbon dicdde are fransferred between cells and the erwironment during gas exchangs.
* In humans, ures (a waste product produced from the breakdown of proteing)
diffuses from cells info the blood plasma for removal from the body by the kidneys.

2) How easy i ks for an organism o exchange substances with He environment depends on fhe
organiem’s surface area fo volume ratio (24 : V).

You Can Compare Surface Area to Volume Ratios

A ratio shows how big one value ks compared fo another. The larger an organism i, the smaller Hs surface
area iz compared fo Hs volume. You can show this by caleulating surfoce ares to volume rafios:

A hippo can be represented by a 2 om X 4 cm x#ernhhm:k._.____*
The area of a surface ks found by the equation: LENGTH = WIDTH
8o the hippo's fotal surface ares fs: %
(4 % 4} x 2 (fop and bottom surfaces of block) 2 amt
+ (4 x 2] % 4 (four sides of the block)
= 84 em®.
The volume of a block iz found by the equation: LENGTH = WIDTH = HEIGHT
8o the hippo's volume s 4 X 4 x 2 = 32 em®.

The surface area to volume ratio of the hippo can be written as 84 : 32, The cube mouse's

To gimplify the ratio, divide both sides of the ratio by the volume. surface ares ks oix fimes
. its volume, but the cube

8o the surface area fo volume ratio of the hippo s 2 = 1. it matane s

A mouge can be represented by a 1 om X 1 em ¥ 1 em block. - is only fwice iHs volume.

Mz surface srea ke (1 X 1) % 8 = 6 em®. "\1 — 8o the mouse has a

He volume is 1 x 1 x 1= 1em®. """?‘%E larger surface area

0Op #he surface area fo volume ratio of the mouse fe 6 : 1. L compared to its volume.

Multicellular Organisms Need Exchange Surfaces

1} Insingle-celled organisms, gases and dissolved substances can diffuse directly info (or outf of) fthe cell
across the cell membrane. 11's because they have a large surface ares compared fo their volums, so
enouph subsiances can be exchanged across the membrane fo supply the volume of the cell.

2) Mulficeflular organisms have a smaller surface ares compared fo their yolume — not encugh
substances can diffuse from their outside surface fo supply their enfire volume. Thiz means they need
some sort of exchange surface for efficient diffusion (see pages 21-22 for some examples).

The exchange surface structures have to allow enough of the necessery substances to pass through.

3) Ewchange surfaces are ADAPTED to maximize effectivensss:

*  They have a thin membrane, so substances only have a short distance o diffuse.

= They have a [arge surface ares so lofs of a substance can diffuss &t once.
*  Exchange surfaces in animals have lots of blood vessels, to get stuff into and out of the blood quickly.
s Gag sxchange surfaces in animals {e.g. slveoli} are often ventilated toe — air moves in and out.

Not that I'm endorsing putting animals in boxes...

A large surface area isa key way that organisms’ exchange surfaces are made more effective.

Q1 A bactenal cell can be represented by a 2 pm = 2 pm = 1 pm block.
Calculate the cell’s surface area to volume ratio. [3 marks]
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Exchanging Substances

Thiz page iz about how fwo different parts of the human body are adapied so thet substances can diffuse

through them mosi effectively. The first bif is about how gages in the lungs get info and ouf of ihe blood.
The second iz sbout how digested food gets from the gut fo the Bood.

Gas Exchange Happens in the Luligs |

1) The job of the lungs iz to transfer oxygen to the
blood and to remove waste carbon diocdde from H.

2] To do thiz the lungs contain millions of littfle air sacs
called alveoli where gas exchange takes place.

Blue = blood with carbon dicxide.
Red = blood with oxygen.

3} The alvecli are specialised fo maximise the diffusion
of 0, and CO,. They have:
*  An enonnous surface area (asbout 75 m® in humans).
= A moist lining for dissolving geses.
= Very thin wells.
= A good blood supply.

_ The Villi Provide a Really Really Big Surface Area :

1} The inside of the small intesfing i coverad in millions
and milliong of these tiny litile projections called willi.
2} They increase the surface area in & big way so
that digested food iz aboorbed much more quickiy
into the biood.
3) Motice they have:
+ a single layer of surface cells,
» & very good blood supply fo assist quick absorption.

‘}'L|'|||'||llll||I|J|r||ll'||-'||l,a-__
- mcﬁgﬁbﬂm moves imto. =~

= the bood by diffuson and by =

i m:[rwl.rm:pnrt [sarpa.g:'lgk =
"-"||l|llrlfllHI|i|l1|l1|JI"~"

AlVeoli — the Italian gas man...

Thankfully, our bodies are well adapted for efficient diffusion of substances. But the array of life’s snazzy
exchange surfaces doesn’t stop here, oh no — just take a look at what’s coming up on the next page...

Q1 Give one way in which alveoli are adapted for gas exchange. [1 meark]
2 Coeliac disease causes inflammation of the small intestine, which can damage the villi.
Suggest why a person with coeliac disease might have low levels of iron in their blood.  [2 marks] =t
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More on Exchanging Substances

More stuff on adaptations for diffusion now — only this fime, #'s plands and fish. Wheoopee...

The Structure of Leaves Lets Gases Diffuse In and Out of Cells

)
2)

3)

4

5)
8)

Carbon dioxide diffuses info the air speces within the leaf, then # diffuses info the cells where

photosynthesie happens. The leaf's structure is adapted so that this can happen easily.
The underneath of the leaf is an exchange surface. I's covered in litle holes called stomata
which the carbon dioxide diffuses in through. :

Onygen (produced in photosynthesis) and wafer vapour
alzo diffuse out through the stomata. (Water vapour is
actually lost from all over the leaf surface, but most of H
iz lost through the stomata.)

The size of the stomata are controlled by gusrd cells

— zee page 41. Theze cloce the stomata i the plant iz =
losing water faster than it ie being replaced by the roofs. m:ﬂﬂmw
Without these guard cells the plant would soon wilt.

The flatiened shape of the leaf increases the area of this exchange surface so that #'s more effective.

The wallz of {he cells incide the leaf form another exchange surface. The air spaces inside the leaf
increase the ares of this surface so there's more chance for carbon dioxide to get info the cells.

The water vapour gvaporates from the cells inside the leaf. Then H ezcapes by
diffusion because fhere's a lot of i inside the leaf and less of it in the sir outside.

Gills Have a Large Surface Area for Gas Exchange

1)
2)

3)
4)

5)
8)

7

8)

The gillz are the gas sxchange surface in fish.

Water (containing oxugen) enfers the fish through

ifs mouth and passes out through the gills. As this happens, —waber
oougen diffuses from the water info the blood in the gills and

carbon dioxide diffuges from the blood into the water.

Each gill is made of lots of thin plates called gill filaments,
which ghe & big surface sres for exchange of gaces. ..___-‘ lamel
The gill flaments are covered in lots of finy struchmres

called lamellas, which iherease the surfacs sres eveh more.

The lamellae have lois of blood capillaries to speed up diffusion.  arberies

They also have a thin surface lager of cells fo mindmize the
digtance that the gases have to diffuse. il flaments

Blood flows through the lamellae in one direciion and
water flows over in the opposite direction. This maintaine a
largea concentration gradient between the water and the blood.

The concentration of oxugen in the water is always higher than that in the blood,
g0 ag much oxygen as poscible diffuses from the water into the blood.

In, out, in, out, shake that oxygen about...

There’s a theme here — multicellular organisms are really well adapted for getting the substances they need
to their cells. It makes sense — if they couldn’t do this well, they'd die out. 1f you're asked in an exam how
something’s adapted for exchange, think about whether surface area is important — cos it often 1s.

Ql

Give two ways in which the structure of a gill is adapted for effective pas exchange. [2 marks]
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Revision Questions for Topic Bl

Wall, that's Topic Bl done and dusted. Now there's only ohe way fo S ;"_;:H'r‘g";'.};“‘c
find ouf whether you've learnt anything from H. And yes, I'm afeaid Retrieval iz for Tapic BI —
it involves that whole load of questions staring you in the face.

s

(REEERN

Just scan this CF. codel =
+  Try these questions and tick off sach one when you get i rght. PEEERATIT R LRI
*  When you're complefely happy with a sub-topie, tek B off.

S

Cells and Microscopy (p.11-13) [ |
1) Name five subcellular structures that both plant and animal cells have.
2} What three things do plant cells have that animal cells don't?
3) Where is the genefic material found in:
a) animal cells,
b} bacterial cells?
4} What type of organisms are bacteria — prokeryotes or eukaryotes?
G} Which gives a higher resclution — a light microscope or an electron microscope?
Differentiation and Division (p.14-15) D
8] What is cell differentiafion?
7} Give three ways that a sperm cell is adapted for swimming to an egg cell.
8) Draw a diagram of a nerve cell. Why is i thiz shape?
9) What are chromosomes?
10} What is the cell cycla?
1) What iz mHoziz used for by multicellular organiema?

Stem Cells (p.16) [ |
12) Give two ways that embrycnic stem cells could be used to cure diseases.
13} Why might some people be opposed to the use of human embryos in stem coll rezoarch?

Exchanging Substances (p.17-22) |_|

14} What is diffusion?

1&) Name three substances that can diffuse through cell membranes, and fwo that can't.

18] What type of molecules move by cemosis?

17) Give the two main differences betwoen sctive transport and diffushon.

18) Give three adaptations of exchange surfaces that increase the efficlency of diffusion.

19) Give two ways that the villi in the small intestine are adapted for absorbing digested food.

20} Explain how leaves are adapfed fo maximize the amount of carbon dioxide that gefs to their cells.
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Cell Organisation

Qome organisms contain loads of celis, but how, you might wonder, do all these cells end up making a
working human or squirrel... the anower's organisation. Without i, they'd just make & meaty splodge.

I Large Multicellular Organisms are Made Up of Organ Systems
1) Celis are the basic building blocks thet meke up all living orpeniems.

2) As you know from page 14, soocialiced cells carry out a particular funclion.

3} The process by which cells become specialised for a particular job is called difforensation.
occurs durng the development of a mulficellular organism.

4) These specialized cellz form Hzsues, which form orpans, which form organ systens (see below).

B) Laspe multicefular organizms (e.g. squirrele) have different costerns inside them
for sxchanging and fransporfing materdals.

Epithelial cell
laes than
. Similar Cells are Organised into Tissues 0.1 mim
A fizzue ks & group of similar cells that work fogether to cerry out a particular function. |
It can include more then one ype of cell.
In mammals (like humans), examples of tissues include:
1) Muscular izsue, which condracts (shorfens) fo move whatever it's atfached to.

2) Glandular tkssue, which makes and secrefes chemicals like enzymes and hormones.
3) Epithelial fiszue, which covers some paris of the body, e.g. the inside of the gui.

Epithelial fizcue

Tissues are Organised into Organs
An organ is a group of different fissues that work together to perform a cerfain funciion.
For example, the stomach is an organ made of these fissues: i Siomad
1) Muscular tissue, which moves the stomach wall to churn up fhe food.

2) Glandular tissue, which makes digesfive juices to digest food.
3) Epithelial fizsue, which covers the outside and inskde of the stomach.

about 10 cm
Organs are Organised into Organ Systems Mmr?lim

lorger than an
An organ system is a group of organs working together alivary glands ﬁ optthobl ool
1o perform a parficular function. I i

For example, the digestive system (found in humans and other mammals)
breaks down and sbeorbs foed. W's made up of these organs:
1} Glands (e.g. the pancress snd salivary plands),

which produce digesfive juices.
2) The stomach and small intestine, which digest food.
3) The liver, which produces bile. T =0 8mall intestine

4) The small intestine, which absorbs soluble food molecules. = Large intestine
5) The largs infectine, which shsorbs water from undigested food, LR TN AT RN P
mﬂ’“ﬁ' "o need to kpow where

these nrgans are on & -
diagram — sex page 28 too. =

||h|||I.|1|1II11r|'\|1l|1|'|I|I|I

STLEE,

Organ sysfems work fogether fo make entire orpanizmes.

Soft and quilted — the best kind of tissues...

So in summary, an organism consists of orpan systems, which are proups of orpans, which are made of tissues,
which are groups of cells working together. Now just for the thrill of it, here a practice question.
ol The bladder iz an organ. Explain what this means. [2 marks]
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Chesical reactions are what make you work. And enzymes are what make them work.

Enz‘ymes Are Gataljrsts Produced I:rgr Living' Things

I

These rmﬂurﬂ need o be carsfully cmimﬂed —to, gn’r the ggﬁ amounts of substances.

2) You can usually make & reaction happen more quickly by raizing the femperature. This would speed

up the useful reactions but also the unwanted ones foo... not good. There's also a limil to how far
you can raise the femperature incide a Mngmahm before He cells start getting domaped.

4)

Enzymes are all [orpe proteins and all proteine are made up of chaine of sidno acids,
These chains are folded inte unigue chopes, which enzymes need to do their jobs (see below).

Enzymes Have Special Shapes So They Can Catalyse Reactions |

I

Chemical reaciione usually involve things either being splif apart or joined topgether.

2] Every enzyme has an gofive sife with a unique shape that fiis onto the substance involved in a reaction.
3) Enzymes are really picky — they usually only catalyse one specific reaction. _}HI_;_}:'II'IIHINIHHJ,
4) This is because, for the enzyme fo work, the substrate has o it into s S it S
acfive site. If the substrate doesn’t match the enzyme's active site, then = called the sibsirate. =
the reaction won't be catalysed. ST TE AT
5} This diagram shows the 'lock and key' s

mtdel of enzyme action. This is simpler

than how enzymes actually work. > ,..-vﬁ.\

Ins reality, the active site changes chape == g products
a litfle s fhe subsirate binds fo i i‘m S
fﬂgﬂf&ﬁﬂ@m. Thiz iz called the e e enryme unchanged after reaction

linduced fi#' model of enzyme action.

I Enzymes Need the Right Temperature and pI-I"

0 Rate of Reartion

M':Hk;pﬁmm?mF 1) Changing the femperature changes the rate of an enzyme-catalysed reaction.
e E;wm 2} Like with any reaction, a higher temperature ihcreases the rate af firsf.

But if it gets too hot, nmnnufﬂmbﬂhdslmldhﬂﬂ'nnwnahgnﬂlu

bresk. This changes the chape of the enzyme’s active site, oo the substrate

won't fit any more. The enzyme iz caid to be denstured.

- 45 o T‘mﬂ} All enzymes have an optimum temperatire that they work best at.

4 H also affects H it's too h too low,
] The pH enzymes. 5 igh or i Oiptimum

E) Al enzymes have an opfimum pH that they work best at. W often neutrsl pH 7,

the pH interferes with the bonds holding the enzyme together. y /—l'\PH
This changes the shape of the aciive site and denatures the enzyme.

“; I"- > pH

but not alweys — e.g. pepsin is an enzyme used to break down profeins
in the sfomach, It works best af pH 2, which means it's well-suited fo the acidic condifions there.

If only enzymes could speed up revision...
Make sure you use the special terms like “active site’ and “denatured’ — the examiners will love it.

Q1

Explain why enzymes have an optimum pH. [2 marks]
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Investigating Enzymatic Reactions

You'll soon krow how to investigate the effect of pH on the rate of enrume activifiy... | bet you're thrilled.

You Can Investigate the Effect of pH on Enzyme Activity @

solution — if starch is present, the iodine solufion will change from brownu-crange — anniiin i,
o blus-black. This is how you can invesiigste how pH affects arnulace aofivity: i ;m::j use an dlectrc =
1) Put a drop of lodine solufion info every well of a spotiing fle. S M
2) Place a Bunsen burner on a hest-proof met, and a tripod and gauze over the of waler, 4o contral the =
Bunsen burner. Put a beaker of waizr on fop of the fripod and heaf the water 7, [fpeatiee =

CORNETVIRETY

the temperature). Try fo keep the temperature of misture sampled
the water constond throughout the experiment.

8) Use a syringe to add 1 em? of amylase solufion
and | em® of a bufier solulion withapHof B to a

boiling tube. Using fesi tube holdars, put the tube y eyl i
into the beaker of water and wait for five minutes. salution
:.pqu'ng tile

4} Next, use a diffeceni syringe to add & em®
of a starch solulion to fhe bolling tube.

5} Immediately mix fhe contenis of the boiling tube and sfarf a siop clock,

B) WUse confinuous sempling fo record bow long H fakes for the amylase o break down all of the starch.
To do this, use a dropping pipette fo take a fresh sanple from the boiling fube svery 20 seconds and
put & drop inte & well. When the jodine solution resnsins browny-orange, stareh is no longer present.

7} Repest the whole expariment with buffer sclufions of different pH values 3~;'_,“Hh':r|“|.,,,,lm
to see how pH affecis the fime taken for the siarch to be broken down. = t:“fnuﬂm,apHm':
mrﬂ:bwﬂw‘h :'

FH of :
HJ-.““I-":"wmrlmuNs.

LCANRE

8) Remember fo conirol any variables each fime (e.g. concentration
and volume of amylase solution) to make H & fair lesl.

]

TR prag gy

Here's How to Calculate the Rate of Reaction

1) It's often useful to calculate the rate of reaction affer an experiment.
Rate iz a measure of how much something chenges over fime.

2) For the experiment sbove, you can calculate the rate of reaction using this formula: AL,
E - m ’ IrﬂJ
B 00 8 el flkins R serdiine T brack dovry-all of Wik sl by achilon. = oo

was 90 seconds. 8o the rate of the reaction = 1000 = 90 = [l &7 (2 s.4.)

rale i gowen
per anit time,
3] I an experiment measures how much something changes over fime, you caleulate the ~'"''110ne®
rate of reaction by dividing the amoundt that # has chenged by the fime teken.

A AFANTYRT

WP Ldring

The enzyme catalase catalyses the breakdown of hydrogen peroxide inte water
and oxygen. During an investigation into the activity of catalase, 24 cm? of oxygen was
released in 50 seconds (s). Calculate the rate of the reaction. Whrite your answer in cm® 571

Amount of product formed = change = 24 em?® —“"'”“1“'””““Il.;’:.qlfill_inl:t:nl‘}:”&
1 i pe =
Rate of reaction = change + time = 24 cm® + 50 5 = 048 om” 5 i.i?:::lﬁ-.u-.n:rﬁu|1||||?r|||u|‘~'

Mad scientists — they’re experi-mental...
You could adapt this experiment to investigate how factors other than pH affect the rate of amylase activity.
E.g. vou could use a water bath set to different temperatures to investigate the effect of temperature.

01 An enzyme-controlled reaction was carried out at pH 4. After 2 minutes,
36 cmt of product had been released. Caleulate the rate of reaction in cms. [1 mark]
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Enzymes and Digestion

The enzymes used in digestion are produced by cells and then released info the guf to mix with food.

Digestive Enzymes Break Down Big Molecules |

1) Starch, profeins and fats are BIG molecules. They'te foo big fo pass through the walls of the digestive
system, so digestive enrymes break these BIG molecules down info ewaller ones like sugars (e.g. glucosze
and malfose), amino ackds, glucersl and fatty scids. These ewaller, soluble molecules ean pass easily
through the walls of the digestive system, allowing them fo be sbeorbed info the bloodetream.

Carbohydraszes Convert Carbohydrates into Simple Sugars

Armijlase s an example of a cachotuidraze. It breaks down starch. AT RE A
= - Starchis & :

= carbohydeate. =
IR ELLIEAA A

Amylase iz made in hree places:
1) The salivary giands 2} The pancreas 3] The small intestine

. Proteases Convert Proteins into Amino Acids

A =

Proteases are made in ffree places: 1) The sfomach (s called pepsin thers)
2} The pancress
8) The small infestine

Lipases Convert Lipids into Glycerol and Fatty Acids
) TN
R i
= 4 ik -

[Ghycerol & fatty acids| i
Lipases are made in fwo places: 1) The pancreas 2] The cmall intestine

2] The body makes good use of the products of digestion. They can be used to make new corbohuydrates,
proteins and lipids. Some of the plucose (a sugar) that's made is used in respiration (see p.54).

Bile Neutralises the Stomach Acid and Emulsifies Fats |

1} Bile is produced in the liver. I's sfored in the gall bladder before it's ralnﬂnnd info the small intestine.

2) The hydrochiorc scid in the stomach makes the pH too acidic for enzymes in the small intestine
to work propedy. Bile is alkaline — i neufralises the acid and makes conditions alkaling.
The enzymes in the small infestine work best in these alkaline conditions.

3} W pmulstfies fate. In other words if breaks the faf into finy droplets. This gives a much
bigger surface area of fat for the enzyme lipase fo work oh — which makes ite digestion faster.

What do you call an acid that’s eaten all the pies...
Make sure you know the examples of amylase. protease and lipase, and the reactions that they catalyse.
Q1 Bile is a product of the liver. Describe and explain its role in digestion. [4 marks]
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More on Enzymes and Digestion
8o how you know what the enzymes do, here's a nice big picture of the whole of the digestive system.

The Breakdown of Food is data!fsed h? Enzymes |

) Enzymes used in the digestive system are produced by specialised cells in glands and in the gut lining.
2) Different enzymes catalyse the breskdown of different food molecules.

Tongue
Salivary glands
These preduce amylase Stomach |
snzymae in the galiva. 1} I pummels the food with its
mugcular walls.
2} It produces the profease
= ehZme, pEpsin.
R | 3) It produces hydrochloric acid
Where bile : for fwo reasocne:
is produced. I 8} To kill bacteris
Bile neutralises -~ y A b) To give the right pH for the
stomach acid and Y e R protease enryme to work
emulsifies fats. = (pH 2 — acidic).
| Gall bladdr | Pancreas
Where bile is stored, Produces protesse. amylace
hatia 'y relasaeid and lipase ehzymes. |t relesses
into the il infestine. thege into the small intestine.
- | Small intestine
Large intestine '

1) Produces protesse, smilase

Whare axcess water and lipace enzymes o

iz ghsorbed from complete digestion.

the food. 2) This is also where the
digested food i abeorbed
out of the digestive system
into fhe blood.

Rectum

Where iho.?-‘_aie-p_ga‘% {made up mainly of indigestible food) are
siored before they bid you a fond farewedl through the anus.

Mmmm — so who's for a chocolate digestive...

Did you know that the whole of your digestive system is actually a hole that goes right through your bedy.
Think about it. It just gets loads of food, digestive juices and enzymes piled into it. Most of it's then absorbed
into the body and the rest is politely stored for removal.

o MName the three parts of the digestive system that produce protease enzymes. [3 marks]
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Food Tests

There are some clever ways to idendify what fype of food molecule a sample containg. For each of the tests,
you need to prepare a food sample. I#'s the same each fime though — here's what you'd do:

1) Get a piece of food and break it up using a pestle and mortar.

2) Tranzfer the ground up food to a beaker and add some disfilled water.

3) CGive the mixture a good ctir with & glass rod fo dizcolve some of the food.

4) Filter the solution using a funnel lined with fiter paper to get rid of the solid bits of food.

_ Use the Benedict’s Test to Test for Sugars

Qugars are found in all sorts of foods such as biscuils, cereal and bread. There are two fypes of sugars

— hon-reducing and reducing. You can test for reducing sugers in foods usihg the Behedict's fest:

1} Prepare a food sample and fransfer & cm® fo a fest fube.

2) Prepare a water bath so that H's set to 75 °C.

3] Add some Benedict's solufion to the test tube {about 10 drops) using a pipette.

4) Place the fest fube ih the water bath using a test tube holder and leave i in there for & minutes.
Make sure the tube is poinfing sway from you.

E) ¥ the food sample containe a reducing sugar, the sohition in the test fube will change from the hormal
blue colour to green, 100w or brick-red — # depende on how much sugar iz in the food.

Use Iodine Solution to Test for Starch _

You can slzo check food samples for the presence of gfarch. Foods like pasts, rice and potafoes eontain
a lot of starch. Here's how fo do the test:

1} Make a food sample and transfer & cm® of gyour sample fo a fest tube.
2} Then add a few drops of lodine solution and gently shake the fube fo mix the contents. If the sample

Use the Biuret Test to Test for Proteins

You can use the biuret test to see if a fype of food condaing profein.

Meat and cheese are protein rich and good foods to use in this fesf. Here's how if's done:

1} Prepare a sample of your food and transfer 2 om® of your sample to a test tube.

2} Add 2 em® of biuret solufion to the sample and mix the eontents of the fube by gently shaking H.

3] I the food sample containg protein, the solution will change from blue to purple.
If o protein iz present, the solufion will stay blue.

Use the Sudan ITI Test to Test for Lipids

Lipids are found in foods such as olive oll, margarine and mifle.
You can test for the prezence of lipids in a food using Sudan | staln soluthon.
1} Prepare a sample of the food you're testing (but you don't need to filter H).
Trancfer about & cn® into 8 fest fube.
2} Use a pipette o add 2 drops of Sudan |1l sisin solufion fo the test fube and genily shake the tube.
3) Budan Il stain solution siains lipids. If the sample containg lipids, the mixiure will separate out into

fwo layers. The fop layer will be bright red. If no lipids are prasent, no separate red layer will form at
the top of the liquid.

All this talk of food is making me hungry...
Make sure you do a risk assessment before starting these tests — there are a lot of chemicals to use here.
o1 Mame the chemical that you would use to test a sample for the presence of starch. [1 mark]
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You need fo get cygen into your Loodsiream fo supply your cells for respirafion. You also need fo get rid
of carbon dimdde from your blood. This all happens in your lungs when you breathe air in and out.

The Lungs Are in the Thorax

1) The thorax iz the top part of your body.

2) Ws ceparated from the lower part of the body by the diaphiragm.

8} The lunge are like big pink sporges and are protected by the Hbeage.
They're surrounded by the plaural membranes.

4) The air that you breathe in goes through the fraches.
Thiz splits into two tubes called bronehi (each one iz
& bronchus), one going o each lung.

E) The bronchi split info progrescively smaller tubes
called bronchicles.

8) The bronchicles finally end at small bags called slveali

where the gas exchange takes place (see below).

Alveoli Carry Out Gas Exchange in the Body :

1) The lungs confain millions and millions of litfle air sacs called alveol, surrounded
by a network of blood capillades. This is where gas exchange happens.

2} The blood pessing next o the alvecli has just returned fo the lungs from
the rest of the body, so i contains lots of carbon diokide and very liftle
oxygen. Owygen diffuses out of the shveolus (high concentration) into the
blood (low concentration). Carbon dicxide diffuses cuf of the blood (high
concentration) info the alveolus (low concentration) fo be breathed out.

3] When the blood reaches body cells oxypen is
releaged from the red bood cells (where there's a high concentration)
and diffuses into the body cells (where the concentration is low).

4) Af the same fime, carbon dioxide diffuses out of the body cells (where
there's a high concentration) info the blood (where there's a low
concentration). 1's then carded back fo the lungs.

' You Can Calculate the Breathing Rate in Breaths Per Minute .

Rate coleulafions pop up all the fime in biology, end you're expected to know how to do them — fhankfully
they're prety sasiy. Breathing rafe is the sort of thing that you could get asked fo work out in your exam.

Bea takes 91 breaths in 7 minutes. Calculate her average breathing rate in breaths per minute.
breaths per minute = number of breaths + number of minutes

=0 + 7

=13 breaths per minute

Stop huffing and puffing and just learn it...

Alveoli are really well adapted for carrying cut pas exchange. It could be a wise move to learn all about exactly
how they're adapted. You met them back on page 21, so head back there if you need a reminder.

Ql During a 12 minute run, Aagib took 495 breaths.
Calculate his average breathing rate in breaths per mimute. [1 mark]

Topic B2 — Organisation



31

Circulatory System — The Heart

The circulatory systern carries food and oxygen 1o every cell in the body. As well as being a delivery service,
it's alzo a waste collection service — it cardes wasfe products fo where they can be removed from the body.

The DOUBLE Circulatory System, Actually

The circulatory system iz made up of the heart, blood vessels and blood.

Humans have a double circulatory sustem — fwo circuls joined together:

1}  In the first one, the Hght ventricls (see below) pumps decoygenated blood (blood g
without oxygen) fo the lungs to take in moygen. The blood then returns to the heart.

2} In the second one, the lefi veniricle (see below) pumps owygenafed blood around all

the oiher organs of the body. The blood gives up s ocxygen at the body cellz and
the deoxygenated blood returns to the heart fo be pumped out to the fungs again.

The Heart Contracts to Pump Blood Around The Body
1} The heart i & pumping organ that keeps the blood flowing around
the body. The walls of the heatt are mostly made of muscle fissue,
2) The heart has valves o0 make sure that blood flows in
the right direction — they prevent it flowing backwards.

3) This is how the heart uses its four chambers (right aivium,
Hght ventricle, left atrium and left ventticle) to pump blood around:

Mo (s when there 1=
st ome, Mdria is phosal.
ﬁrllllnnrunln\'

lil!lrllll”ll-lHrlH'll.:

1) Blood flows indo the two giria from the =

2) The siria contract, pushing 5 _ (e
ih&bbndhh 'I'I'IEMH_ "".:.._. . 1 \ o —

3) The ventricles contract, forcing the Right TN AN T
blood info the pulmonery artery and Qide
the gorfa, and out of the heart.

4} The blocd then fAows o the organs through
arteries, and returns through veins (see next page).

5} The atria fill again and the whole cycle siarts over.

Mo, we haven't

made a ristake
— thiz & the
The heart aleo needs He own supply of moygenated blood. right and Jeft side
Arteries called coronary arleries branch off the aorta and surround of the person
the hearf, making sure that it gefs all the cxugenated blood # needs. whese heart it iz)

The Heart Has a Pacemaker

1) Your resting heart rate is confrolled by a group of cells in the rght atrium wall that act as a pacemaker.
2} These cells produce a small eleciric impulze which spreads to the
surrounding muscle cells, causing them fo copfract.
3) An ariificiel pacemaker is offen used fo control heartbeat if the natural pacemaker cells don't work propedy
(e.g. if the patient has an irregular hearibesi]. H's a lite device that's implanted under the skin and has

a wire going fo the heart. |t produces an eleciric current to keep the heart beating regularly.

Okay — let’s get to the heart of the matter...
Interesting fact — when doctors use a stethoscope to listen to your heart, it's the valves closing that they hear.
Q1 Which chamber of the heart pumps deoxypenated blood to the lungs? [1 mark]

Q2 What is the function of the coronary arteries? [1 mark]
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Circulatory System — Blood Vessels

Blood Vessels are Designed for Their Function

There are three different fypes of blood vessel: m
1} ARTERIEZS — these carry the blood away from the heart.

2) CAPILLARIER — these are involved in the exchenge of materials at the tissues.
3) VEINS — these carry the blood fo the heart.

: Arteries Carry Blood Under Pressure

1) The heart pumps the blood out at high pressure so the
artery walls are sirong and elasfic.

2) The walls are thick compared to the size of the hole
down the middle (the "lumen™ — silly namal).

3) They contain thick layers of muscle to meke them strong,
and elastic fibres fo allow fhem fo strelch and spring back.

Capillaries are Really Small

1) Arteries branch into capiflaries.
thin wall -— only 2} Capillares are really finy — foo small fo see.
one coll thick 3) They carey the blood resfly close fo every cell in the
body fo exchange subefances with them.

4} They have permesble walls, so substances can diffuse in and out.
5) They supply food and oxygen, and take away waste like CO,.

6) Their walls are usually only one cell thick. This increases the rate
of diffusion by decreasing the distance over which i ocours.

Veins Take Blood Back to the Heart

1) Capillaries sventually join up to form veins.
The blood s at lower pressure in the veins so the
walls don't need fo be as thick as arfery walls,
2) They have a bigger lumen than arteries to
help the bood flow despite the lower pressure.
3} They also have valves fo help keep the blood
flowing in the right direction.

You Can Calculate the Rate of Blood Flow

You might get asked
to caleulate the rate of iitied 1464 ml of blood passed through an artery in 45 minutes
blood fAow in gour exam. Calculate the rate of blood flow through the artery in mifmin.

Thankfully, i's not too iricky.

Take a look at this o rate of blood flow = volume of blood + number of minutes

= 1464 = 4.5 = 325 ml/min

Learn this page — don’t struggle in vein...
Here's an interesting fact for you — your body contains about 60 000 miles of blood vessels.

Q1 2.175 litres of blood passed through a vein in 8.7 minutes.
Calculate the rate of blood flow through the vein in ml/min.
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Circulatory System — Blood

Blood s a fissue. One of s jobs is fo act as a huge fransport system. There are four main fhings in blood...
Red Blood Cells Carry Oxygen |

1) The job of red blood eells is to carry mugen
from the lungs to all the cells in the body.
2) Their shape is a biconcave dise (like a doughnut) —
this gives a large surface area for absorbing caygen.
3] They don't have a nucleus — thic allows more

room fo carry ooqjgen.
4) They contain a red pigment called haemoglobin.

E) In the lungs, heemoglobin binds to oxygen to become
oxyheemogobin, |n body fissues, the reverse happens —
oxyhaemoplobin splifs up into haemoglobin and orygen, to
relesse oxygen to the cells. {

. White Blood Cells Defend Against Infection w
Qome can change shape to gobble up urwelcome

1}
Q @@ migroorganisms. in a process called phagocytosis.
2} Ofhers produce antibodies to fight microorganisms, as well as

HJI-HI-I:IIIIIHII|IrHFI'ILHI.IJI-IIir'||||1r.r'
The more red blead cells youve got, the more

n can get to your cells. Ab high altibudes
there's ke oxygen in the air —— o people who e
Hﬁu‘eprn.lﬁ.rm mnr:ndﬂ:iudodhl.ummpmulr_ I
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anhtitoxing to heutralise any toxine produced by the microorganisme.
3] Unlike red blood cells, they do have a nucleus.

Platelets Help Blood Clot

1) These are small fragmends of cells. They have no nudlsus.
2) They help the blood o clot af a wound — fo sfop all your

blood pouring out and fo stop microorganisms geing in.
{80 basically platelets just float about waiting for accidents fo happen.)

3} Lack of platelels can cause excessive bleeding and bruising.

Plasma is the Liquid That Carries Everything in Blood
This iz a pale straw-coloured liquid which cosrles jusl about svergfhing:

1) Red and white blood cells and plafelets.

2) Nutrients like glucose and smino acids.

These are the soluble products of digestion which are
absorbed from the gut and taken fo the cells of the body.

3) Carbon dicedde from the organs to the lungs. bl
4) Urea from fhe liver to the kidneys. .
B) Hommones. : '

8) Proteins.
T} Asdibodies and anfifcsine produced by the white blood cells.

Platelets — ideal for small dinners...

Blood tests can be used to diagnose loads of things — not just disorders of
the blood. This is because the blood transports so many chemicals produced

by so many organs... and it’s easier to take blood than, say, a piece of muscle.
o1 Describe the purpose of platelets in blood.

(32 State the function of the cell labelled X in the image on the right.
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Cardiovascular Disease

Cordiovascular dizease is a term used o desecribe diseases of the heart or blood vessels, for example coronary
heart dicease. This page telle you all about how stenis and siating are used fo combst coronary heart dizesse.

Stents Keep Arteries Open

1) Coronary heari disesse is when the coronary arieries that supply the blood to
the musde of the heart get blocked by layers of fatiy material len!drh_ﬁ_.iQ.

thera's a lack of cuygen to the hmﬂ ‘muscle — this can maul-! i & heart attack.

2} Sionis are fubos ihai are inserted inoide arferes. Thag keep them open, rndtlng
sure blood can pass

3) Bienis are s way of lowering the rzk of a heard atlack in people with coronasy hessd dizease.
They are effeciive for a long fime and the recovery fime from the surgery is relatively ouick.

4] On the down side, there iz a Figk of complications during the operation (e.g. heart attack) and a risk
of infection from surgery. There is also the sk of pattents developing a biood clot near the stent —
this iz called fhrombosis.

Statins Reduce Cholesterol in the Blood

1} Cholesterol iz an essendtial lipid that your body produces and needs {o function properly. However, foo
much of 8 certain fype of cholesterol (known as 'bad' or LDL cholesterol) ean cause health problems.
2} Having too much of this "bad’ cholesterol in the bloodstream can cause fatty depostis
to form inside arteries, which can lead to coronary hear! disease.
3) Oiatine are drugs that can reduce the amount of 'bad" cholestercl present
in the bloodstream. This slows down the rate of fatty deposite forming.

Sta'tms Have ﬁdvantages a:nd Disadvantages

Advantages Disadvantages

1) By reducing the amount of "bad’ cholesterdl in 1) Salinz are a long-ferm drug that must
ﬂmHmd.ninﬁmnmmdueaﬂumkulgiuims be taken regularly. There's the rigk that

3 someohe could forget to take them.

2) ﬂuwﬂlmmdunhgﬂnnmnﬂnf'bnd' 2] Btafing can sometimes cause
cholestercl, statins can increase the amount negative side effects, e.g. headaches.
of a beneficlal fype of cholesterol (known as "good’ Lome of these side effecis can be
or HOL cholesterol) in your bloodstream. This fype serious, e.g. kidney failure, liver
cah remove 'bad' cholesterol from the blood. demage and memory loss.

8) Bome studies suggest that statins may also help 8) The effect of statins fen't instand.
prevent some other diseszes. It takes time for their affect to kick in.

Unlike stents and statins, using CGP books only has advantages...

Stents and statins might be good treatments for coronary heart disease, but they're not perfect. Make sure you're
aware of the drawbacks as well as the advantages of each. That way, you'll be covered if they come up in the exam.
Q1 a) How can stents be used to reduce the risk of heart attacks
in people with coronary heart disease? [2 marks]
B) Sugpest two disadvantages of treating patients using stents. [2 marks]
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Mozrxe on Cardiovascular Disease

With more fakery than a ‘Rollecks’ watch, this page s about artificial hearts, arfificial blood
and replacing head valves. All a bit gruesome, I'll admit — but it's IHe-zaving stuff.

lln Artificial Heart Can Pump Blood .E.round the Body

annﬂmﬂhmhgaﬂ failum.dﬂcimmnu pefiurrna eart h-m-r.;g!an {or heart and lungs trencplant if fhe
lungs are algo diseased) using donor organs from people who have recently died. However, if donor organs

aren’i_avallable right away or they're not the best option, doctors may fit an ariificial heart.

1} Ariificial hearis are mechonical devices that pump blood for a persoh whose own heart has failed.
They're usually only used as & ternporary fix, fo keep a person alhve unfl a donor hesd can be found
or to help a person recover by allowing the heart fo rest and heal. In some cases though they're used
as a permanent fix, which reduces the need for a donor heart.

2) The maein sdvaniage of artificial hearts s that they're less ke he rais I:luil'lahodg'nhmrmm
system fhan a donor heart. Mhbmmﬂmg'rnnmdnfru-nmgf scrp_l cs, 80 the body doesn't
recognizse them as 'foreign’ and affack in the same way as i does with living tissue.

3) But surgery fo fit an arificial heart (as with fransplant surgery) can lead fo Beeding and infection.
Also, arfificial hearts don't work as well as healthy naturs! ones — parts of the heart could wear ouf
or the slecirical motor could fail. Blood doesn't flow through arfificial hearte as smoothly, which can
cause blood clofs and lead to sfrokes. The pafient has o teke drugs to thin their blood and make sure
this doesn't happen, which can cause problems with besding if they're hurl i an accident.

Faulty Heart Valves Can Be Replaced With Biological or Mechanical Valves |
1} The valves in the heart can be damaged or weakened by heart attacks, infection or old age.
2) The damage may cause the valve fissue fo sfiffen, so it won't open properly. Or a valve

may become [eaky, allowing blood to flow in both directions rather than just forward.
Thiz means that blood doesn't circulate as effectively as normal.

3) Bevere valve damage can be freated by replacing the valve. Replacement valves
can be ohes faken from humans or other memmals (e.g. cows or pige) — these are

biological valves. Or they can be man-made — these are mechanical valves. E I,

4} Replacing a valve iz a much less drastic procedure than a whole heart transpland.
But fitting artificial valves is still major surgery and there can still be problems with blood clofs.

HArtificial Blood Can Keep You Alive In An Emergency

1} When someone loses a lof of Blood, e.g. in an accident, their heart can still pump the remaining red blood
cells around (to get cuygen to their organs), as long as the volume of their blood can be topped up.

2} Arfificial Mood is a blood substifute, e.g. a salt solution {"saline”), which is used fo replace the
lost volume of blood. W's safe [if no air bubbles get info the blood) and can keep people alive even if
H\ugbm%nfihalrmdbhnudnﬂn This may give the patient enough fime to produce new blood cells.
If not, the patient will need a blood transfusion.

3) Ideally, an artificial blood product would replace the function of the lost red blood cefls, so that there's
no need for a blood francfugion. Scienfists are currently working on products that ean do this.

Pity they can’t fit me an artificial brain before the exam...

Make sure you know about the consequences of faulty heart valves or heart failure, as well as the advantages and
disadvantages of the freatments on this page. Obviously if someone is really ill, it’s unlikely that they'd turn down
an artificial heart, artificial blood or a valve replacement — but these treatments aren’t perfect.

01 a) Describe how faulty heart valves can lead to poor blood circulation. [2 marks]
b} Sugpest how severe damage to a heart valve can be treated. [1 mark]
2  Suggestone disadvantage of treating coronary heart disease with an artificial heart. [1 mark)
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Health and Disease

There's ot a great deal about diseazes and health problems that you ean laugh sboul, so excuse me
if thic page iz a bit dull. W'z important stuff to know sbout though, so you'd best get cracking.

Diseases are a Majnr Cause of Ill Health

Diseases Can be Communicable or Non-Communicable

1) Communicable disesses are thooe that can spread from person to person or betwesan
animals and people. They can be caused by things like bacieria, viruses, parasites and
fungi. They're somefimes described as confagious or infectious diseases. Measles and
malaria mnmnphsnfmurﬂmhlﬂdmm There's more about them on pages 43-45.

niCH sesses are those that cannot spread between people or between animals
u-rdponpla degarﬂuﬂghuihalﬁ e and get worse slowly. Asthma, cancer and
corohary hesd disense (see page 34) are examples of honh-communicable diseases.

2)

Different Types of Disease Sometimes Interact

Qometimes diseases can inferact and eause ofher physical and mental health gmnllllr“”""""f

= Pathogen 1 just the Fncy =
iszues that don't immediately seem related. Here are a fow examples: = perym for & microseganisen

1) People who have problems with their immune system (the system E "Kﬂ“::;;t:ﬁ:t
that your body uses to help fight off infection — see p.48) have an Ty e
incressed chance of suffering from communicable diseases such as influenza (flu), because their
body iz less likely to be able to defend Heelf againet the pathogen that causes the disessa.

2) Qome fypes of cancer can be tHggered by infaction by certain viruses. For example, infection with
some fypes of hepatitic virus ean cause -ferm infections in fhe liver, where the virus lives in the
cellz. Thiz can lead to an incresced chence of developing liver cancer. Another example iz infection
with HPY {human papilloma virug), which can cause cervical cancer in Women.

3) Immune system reactions in the body caused by infection by & pathopgen can sometimes irigger

allergic reactions such as skin rashes or worsen the symptoms of asthims for asthma sufferers.

4) Mental health lsues such as dopression can be trggered when someone i suffering from cevere
phuysical health problems, parficulary i they have an impact on the person's ability fo carry out
everyday acfivities or if they affect the parson's life axpectancy.

S IRARLIRIAN

' Other Factors Can Also Affect Your Health
There are plenty of factors other than diseases that can also affect your health. For example:
1) Whether or not you have a good, balanced diet that provides your body with everything i
needs, and in the rght amounts. A poor diet can affect your physical and mental health.
D) The giress you are under — being conetantly under lots of stress can lead to health issues.
3} Your life station — for example, whether you have easy sccess fo medicines o treat
illness, or whether you have sceess fo things that can prevent you from getting il in the first

place, e.g. being able to buy healthy food or sccess condoms to prevent the fransmission of
some sexually fransmitted diseases.

If stress can affect your health, why do we have exams...

You really need to get the terms communicable and non-communicable disease into your head.
They could come up in the exam and you'd be really sad if you didn’t understand the question.
Q1 What 1= meant by “health? [1 mark]

Q2 Why iz influenza classed as a communicable disease? [1 mark]}
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Risk Factors for Non-Communicable Diseases

You've probably heard the ferm 'risk factor' before. This page has all the info you need to know about them.

Risk Factors Increase Your Chance of Getting a Disease

1) Rizk factors are things that are linked to an increase in the likelihood thet a person will develop a
cerfain disease during their lifefime. They don't guarantes that someone will get the disease.

2} Rigk factors are offen aspects of & person’s fesiyle (e.g. how much exercize they do). They can alzo
be the presence of certain substances in the environment (e.g. air pollution) or substances in your body
{e.g. asbestos fibres — ashestos was a matertal used in bulldings until it was realised that the fibres
could build up in your alrways and cause disesazes such as cancer later in life).

3) Many non-communicable diseases are caused by several different ek factors inferacting with each other
rather than ohe factor alone.

4) Lifestyle facfors can have different impacts locally, nationally and globally.

E.g. in developed countries, non-communicable diseases are more common as people generally have
a higher incotme and ean buy high-fat food. Mationally, people from deprived sreas are more likely fo
siwoke, have a poor diet and not exercize. This means the incidence of cardiovescular dizesse, obesity
and Jype 2 dishefes is higher in those aress. Your individual choices affect the local incidence of disease.

Some Risk Factors Can Cause a Disease Directly
1} Bome risk factors sre able to directhy couse a diseage. For example:

1} Smoking has been proven to directly cause cardiovasculor disease, lung disease and lung cancer
It damages the walls of arieres and the cells in the lindng of the lungs.

2} I's thought that obesity can directly cause Tupe 2 disbetes by making the body less sencifive or
resiziant to iheulin, meaning that i struggles fo condrol the concendrafion of glucose in the blood.

3) Drinking foo much alcohol has been shown to cause [iver dizesse. Too much alcohol can affect
bealn funciion too. W ean damage the nerve cells in the brain, causing the brain o lose volume.

4) Smoking when preghant can cause lois of heslth problems for the unbosn batwy.
Drinking slcohol has similar effects.
B} Cancer can be directly caused by exposure fo cerfain subsfances or padistion. Things that
cause cancer are known as carcihogens. lonksing radiafion (e.g. from X-rays) is an example
of a carcinogen.
2] However, ek factors are idenfified by sclentists looking for correlations in data, and correlation
doesn't alwayus equal cause (see p.9). Bome rick factors gren't capable of directly causing a dicease.
For example, a lsck of sxercise and a high fat diet are heavlly linked to an increased chance of
cardiovascular dizease, but they can't couse the disease directly. W's the resulting high blood pressure
and high "bad’ eholesterol levels (see p.34) that ean aciually cause M.

Non-Communicable Diseases Can Be Cosﬂ}r

1} The HUMAN cost of hon-communicable diseases ks obwvious. Tens of ndlions of people around the world
diu from murﬂuﬂ:ﬂu dizeases per year. Pmpln wifh these diseases may have a lowss qualr’rugf

21 Ii's alzo hpnrhhi ir.t H'rhk sbout the FINANCIAL mai Tlm cost lﬂ iha HHE‘. uf reses chagg md irbafir.;

g::_&t.g AIB:u. if the l‘amlg nmrnbnr with fthe dhmn has te give up work or dies, the I’umlg g income will

be reduced. A peduction in the humber of people slle to work can also affect a countru's econoniy.

Best put down that cake and go for a run...
You might be asked to interpret data about risk factors. See p.9 for a few tips on what you can and can't say.
9] Give an example of a type of risk factor other than an aspect of a person’s lifestyle. [1 mark)
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Cancer's not a pleasant topic, but the more we understand sbout i, the better our chances of svoiding and
beating i (and getting pood marks in the exam). You're a good way through the fopic, so keep going.

Cancer is Caused by Uncontrolled Cell Growth and Division

This uncontrolled growth and division ks a result of changes that oceur o the cells and results in the
formation of a jumour (a mass of cells). Not all fumours are cancerous. They can be benigh or malignant:

1) Benigh — This iz where the tumour grows undl there's ho more room.  The fumour stays
in ohe place |usually within 8 membrane) rather than invading other fizsues in the body.
Thiz type izn't normally dangerous, and the fumour ion't cancerous.

2) Malignant — This Iz where the tumour grows and spreads fo neighbouring healthy Hssues.
Cellzs can bresk off and spreed to other parts of the body by fravelling in the bloodstream.
The malignant cells then invade healthy fissues elsewhere in the body and form
secondary tumours. Malignant tumours are dangerous and can be fatal — they ere cancers.

Risk Factors Can Increase the Chance of Some Cancers

Aryone can develop cancer. Having risk factors dosan't mean that you'll definitely get cancer.
It just means that you're af an increased risk of developing the disease. Cancer supvivel roles have

and incressed sersening for the disease.

Risk Factors Can Be Associated With Lifestyle
Bcientists have idenfified lofe of Ifestyle risk factors for various fypes of cancer. For example:

1} Smoking — IW's a well known fact that smoking is linked to lung cancer,
but research has also linked i fo other fupes of cancer too, including
mouth, bowel, stomach and cervical cancer.

2} Dbeszity — Obesiy has been linked fo many different cancers, including bowel, liver
ahd kidney cancer. 1z the second biggest preventable cause of cancer sfter smoking.

3) UV exposure — People who are often exposed to UV radistion from the Sun have an
increased chance of developing skin cancer. People who live in sunny dimates and people
who spend a lot of fime cutside are at higher fsk of the diseaze. People who frequently use
suh beds are slso putting themselves at higher risk of developing skin cancer.

4} Viral infection — Infection with some viruses has been shown to increase the chances of
developing cerfain fypes of cancer. For example, infection with hepatifiz B and hepatitis C
viruses can increase the Hek of developing liver cancar. The likelihood of becoming infected
with these viruses sometimes depends on lifestyle — e.g. they cen be spread betwesn people
through unprotectod sex or sharing needles.

Risk Factors Can Also Be Associated With Gen&tics

1) Bomefimes you ean inherit faulhy genes that make you more susceplible fo cancer.
2) For example, mutatione (changes) in the BRCA genes have been linked fo an increased likelihood
of developing breast and ovarian cancer.

At least our rubbish summers reduce our UV exposure...

Joking aside, UV radiation can still reach us through the clouds, and like many other lifestyle nsk factors,
we can take steps to reduce the risk, e.p. by keeping covered up outside and wearing sun block.
Q1 What are tumours the result of? [ mark]

2 List three lifestyle factors that can increase the risk of developing cancer. [3 marks]
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Plant Cell Organisation

You sew on page 24 how animals keep their spedialised cells neat and fidy — plands are in on the act foo.

Plant Cells Are Organised Into Tissues And Ozrxgans

Planiz are made of organs ke slems, rools and leaves. Plant organe work together fo meke organ systems.
These can perform the various tasks that a plant needs fo carry out fo survive and grow — for example,
fransporting substances around the plant. Plant organs are made of fizoues. Examples of plant fiscues are:
1) Epidernal fissus — this covers the whole plant.
2} Palisade mesophyll flesue — this is the part of the leaf where most photosynihesis happens.
8) Bpongy mesophull Hssue — this is also in the leaf, and confains big sir spaces to allow w“"F‘;:L:':';r:“f:
pases to diffuse in and out of cells. phatosymthess, =
4) Xylem and phioem — they fransport things like water, minersl lons and food ,',“’:':IP:‘?:E?;HE
around the plant (through the roots, stems and leaves — see hext page for more).
E) Merisiem tzsue — this is found at the prowing fips of shoofs and ootz and is able fo
differentiate (change) into lote of differsnt tupes of plant cell, allowing the pland fo grow.

ARENNT

- The Leaf is an Organ Made Up of Several Types of Tissue
Leaves contain epidermal, mesophull, sylem and phioen fissues.

\.,.'urlllHIrIrI1rI1I.|lI1'||||J,
uArty nafmes here — like
anhyﬂ Mesaphpll jiet

rreans middle of a Ll (5o
can't they just say that?)
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You need to know how the structures of the fissues that make up the leaf are related fo their function:
1} The epidermal fizssues are covered with a wan cuticle, which helps fo reduce waler loss by evaporafion.
2} The upper epidermis ks fransparent so thet light can pass through H to the pelizads lager.
3) The palisade leuer has lote of chioroplasis (the Iitle sfructures where photosynthesis takes place).
This means that they're near the top of the leaf where they can get the most light.
4) The xjleqn and phioem form a network of vascular bundles, which defiver water and other nuirents fo the
enfire leaf and fake away the glucose produced by photosynthesis. They also help suppori the siructure.

5} The fissuss of leaves are also adapted for efficient pas exchange (see page 22). E.g. the
tower epidernils is full of Iitle holes called stormata, which let CO, diffuse directly info the leaf.
The opening and closing of stomata is controlled by gused cells in response to environmental

condifions. The air spaces in the spongy mesophyll Hesue (norease the rate of diffusion of gases.

| Plant cell organisation — millions of members worldwide...

There are a lot of weird names here, so make sure you spend plenty of time on this page. Maybe you
could draw your own leaf diagram and label it with descriptions of the different tissue types. [t would
make an excellent Chrisimas present for someone. or an art collector might even want it

Q1 Describe the characteristics of meristem tissue. [2 marks]
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Transpiration and Translocation

You might be surprised to learn that there aren't finy trucks that transport substances around plants.
Then again, you might not be — either way, you need to learn the sfuff on this page...

Phloem Tubes Transport Food: .

1} Made of columns of slongafed living cells with small pores
in the end walls to allow cell zap to flow through.

2) They fransport food substences (mainly dissolved sugars)
made in the leaves fo the rect of the plant for immediate
use (e.g. in growing regions) or for slorage. /B

3) The fransport goes in both directions. "4 't 4 lqud shote = (1]

4) This process is called franslocation. made up of the substances

by erpmhdm‘hdwtzf.
.r||=:“|ﬂ||11|.11|.H|,|1||1||r'|
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. Xylem Tubes Take Water Up: |

1) Made of dead cells joined end to end with no end
wills between them and a hole down the middle.
They're strengthened with a material called lignin.

2} They carry water and minersl jong

3) The movement of water from the roots, fhrough

franspiration strest (see balow).

_- : Transpiratiun is the Loss of Water from the Plant

A A 1} Transpiration iz caused by the evaporation and

A diffusion (see page 17) of water from a plant's surface.

= Most transpiration happens at the [eaves.

2) This evaporation creafes a slight shorfage of water in
the leaf, and s0 more water is drawn up from fhe rest
of the plant through the xylem vessels fo replace it.

3) This in furn mesns more water ALEIE R LIt .
is drawn up from the roofs, and :H“db:'*ml"’-'{;?gE
so there's a constant transpiration :otni“m:;“& 5;: 3
stream of water through the plant. ing up water, I

TR RN RS

SYRRIELY!

Transpiration is just & side-effeci of the way
leaves are adapted for photosynihesis.

They have to have sfomats in them so that
gases can be exchanged easily (see page 23).
Becausze there's more water inside the plant
than i the air cuiside, the water escapes from
the leaves through the stomata by diffusion.

Don’t let revision stress you out — just go with the phloem...
Phloem transports substances in both directions; but xylem only transports things upwards — xy to the sky.
Q1 Describe the structure of xylem. [3 marks]
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Transpiration and Stomata

Sorry, more on franspirafion. But then i's a quick dash through stomata and out of the other end of the fopic.

Transpiration Rate is Affected by Four Main Things

1) LIGHT INTENSITY — the brighter the light, the greater the franspirafion rate.
Stomats begin to close os i gefs darker. Photosynthesis can't happen in the dark, so fhey
don't need fo be open fo let CO in. When the stomata are closed, very Hile water can escape.
2) TEMPERATURE — the warmer it is, the faster trancpiration happens.
When H's warm the water parficles have more energy fo evaporate and diffuse cut of the stomata,
3} AR FLOW — the betfer the air flow around a leaf (e.g. sfronger wind), the greater the trancpiration rate.
H sir flow around a leaf iz poor, the water vapour just surrounds the leaf snd doesn't move away.
Thiz means thera's a high concentration of water particles oufside the leaf as well as inside #, =o
diffusion doesn't happen as quickly. If there's good alr flow, the water vapour is swept away,
maintaining a low concentration of water in the alr outside the leaf. Diffusion then happene quickly,
from anh area of higher concenfration fo an area of lower eoncentration.
4] HUMIDITY — the drier the air around a lesf, the faster transpiration happens.
This is like what happens with air flow. If the air ks humid

there's a lot of water in it already, so there's not much of a rasarvair of wanr
differerice befween the inside and the outside of the leaf.

Diffusion happene fastect if there's & really high concentration

Tap is shat off

in one place, and a really low concendration in the other. ek o v during mxparimant
s

You can estimate the rate of franspiration by measurdng 1he male.

the uptake of water by a plant. Thiz iz because you can "’""ﬂ::":'ﬂ

assume that water upiake by the plant is directly related
o water loss by fhe leaves (transpiration}.
Set up the apparatus as in the diagram, and then record

the starfi ion of the air bubble. Btart a stopwatch
and record the disiance moved by the bubble per unit time,
DU R AR E TR TR R R I R R R N Y e
e.g. per hour. Keep the conditions constant throughout 400l e Seting 4
the axperiment, e.g. the temperature and air humidity. = u”quhbugh_.},,,,mm‘tipsmwzﬁ.lg
e e T T T L L LA AR TR RN

Guard Cells Are Adapted to Open and Close Stomata '

purdedl 1)  They have a kidney shape which opers and closes the stomata (page 22) in a leaf.
S M 2) When the plant has [oiz of water the guerd cells fill with it and go plump and furgid.
Thiz makes the sfomata open so poses can be exchanged for pholosynihesis,
3) When the plant ks zhort of weter, the guard cells lose weter and become flaccid,
making the sfomata close. This helps stop too much water vapour escaping.
4} Thin outer walls and fhickened inner walls make fthe opening and dosing work.
5) They're also censifive to light and close of night fo save water without losing out

and cooler — go less weter is loot through the stomata than if they were on the upper surface.
7) Guard cells are therefore adapied for gac exchange and condrolling waler loss within e leal

I say stomaaarta, you say stomaaayta...
Different leaves will have different distributions of stomata. You can peel the epidermal tissue off some
leaves and mount them on microscope slides (see page 13) to compare them. 1 thrilling stuff.

1 Aloe vera plants grow in hot, dry areas. Primroses grow i cool, wet areas. Predict which
plant will have fawer stomata per cm® on the underside of its leaves. Explain your answer. [2 marks]
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Revision Questions for Topic B2

Well, that's Topic B2 finished. Now if's time for the greatest quiz ever. __3%”":;:;::;;&;‘;';: fe.
=  Try these questions and fick off each one when you get H rpht. Retrieval Chuir fur Topic B2 —

AP

= When you're complefely happy with a sub-topic, fick it off. -;) Just szan this OR, code!

FIETLLp NURN g g gl IR DT E

Cell Organisation (p.24) [ |

1) What iz a fissue?

2) Explain what iz meant by the term 'organ system'.

The Role of Enzymes and Food Tests (p.25-29) D

3) Why can enzymes be described as biclogheal catalysts?

4) Why do enzymes only usually cafalyse one reaction?

5} What does i mean when an enzyme has been 'denatured"?

8) Descrbe how you could investigate the effect of pH on the refe of amylase activity.
7} List the three places where amylase is made in the human body.

8] What iz the role of lipases?

9) Where iz bile stored?

10) Name the colution that you would use to test for the presence of lipkds in a food sample.

The Lungs and Circulatory System (p.30-33) D

1} Name the fubes that split off the trachea.

12) Explain the role that alvecli play in gas exchange.

13) Explain why the cireulatory system in humans iz described as a 'double circulatory system’.
14) Why does the heart have valves?

15) Name the four chambers of the heart.

18) How is the resfing heart rate controlled in a healthy heart?

17) How are arteries adapted to carry blood awey from the heart?

18) Why do red blood cells not have a nucleus?

Diseases and Risk Factors (p.34-38) T

19) Give two advantages and fwo disadvaniages of statine.

20) What is the difference between biological and mechanical replacement heart valves?
1) What iz meant by 8 non-communiceble dicease?

22) Give an example of where different types of disesse might interact in the body.
23) What iz meant by a rigk factor of a disease?

24} Which type of fumour is cancerous?

Plant Cell Organisation and Transport (p.39-41) | |

25) List the fissues that make up & leaf.

28) Explain how the structure of the upper epidermal tizsue in a leaf is related to He function.
27) What iz the function of phioem?

28) What iz transpiration?

28] List the four main things that affect franspiration.

30} How could you meazure the rate of transpiration?

31) Name the type of cell that helps open and dose sfomata.
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Communicable Disease

H you're hoping I'll ease you gently into this hew topic... ho such fuck. Straight on o the baddies of biclogy.

There Are Several Types of Pathogen

1) Pathogens are microorganizme that enter the body and eause disesse.
2} They cause communicable (infectous) diseases — diseases that can eacily spread (see p.38). ”_“\i
3] Both plants and animels can be infected by pathogens. qk/l h

1. Bacteria Are Very Small Livmg Cells

'Ij Bacteria are viory small cells (about T;"'Iﬂﬂi'l'n the size of your body cells),
which can reproduce rapidly inside your body.
2} They can make you feel il by producing toxine (potsons) that damage your cells and Hesues.

2.Viruses Are Not Cells — They're Much Smaller

1) Viruzes are not colls. They're finy, sbout 1100th the size of & bacferium.
2) Like bacteria, they can reproduce rapidly inside your body. &

W, ;- "a
3) They live inside your cells and replicate themselves using U EEE e
the cells" machinery to produce many copies of themselves. “,’ _.f'”-ﬁ‘_ k=
The cell will usually then burst, releasing all the new viruses. @ : "4 ¥
4) This cell damage s what makes you feel ill. | .I_s.,q b, AN s Y

3. Protists are Single-Celled Eukaryotes s
1) There are lots of different fypes of profiste. But they're all pukaryotes (see page 1)
and most of them are single-celled.

2) Qome profists are poraciies. Parasites live on or inclde other organisme and ean cause them demage.
They are often trancforred fo the organtem by a vector, which doesn’t get the dizease Hoolf
— e.g. an insect that carries the profist.

4. Fungi Come in Different Shapes .

3) ﬂmhgplmampmdummur_ns_ Minl'manhunpudmnﬂmrplminandmh

. Fathogens Can Be Spread in Different WE]FS

h‘l‘fﬂﬂﬂ'ﬂl‘.‘hbﬁ‘gﬂm&dhhﬁyw Hwemnfmihnfummadinkmwdmui

I} WATER — Some pathogens can be picked up by drinking or bathing in dirfy water. E.g. cholers iz a
bacterial infection that's spread by drinking water contaminated with the diarrhoea of other sufferers.

2) AR — Pathogens can be carried in the sir and ean then be breathed in. Some airborne pathogens are
carried in the air in droplets produced when you cough or sheeze — e.g. the influenza virus thet causes
flu iz spread this way.

3) DIRELT CONTACT — Zome pathogens can be picked up by touching contaminated surfaces, including
the gkin. E.g. sthlefe's foot is a fungus which makes skin Heh and flake off. It's most commonly
spread by touching the same things as an infected person, e.g. shower floors and fowels.

Hooray, I've avoided the classic ‘he was a fungi to be with' joke...
Yuck, lots of nasties out there that can cause disease. Plants need to be worried too, as you'll find out.
Q1 Describe how viruses cause cell damage. [2 marks]
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44

Viral, Fungal and Protist Diseases

There are heaps of dizeases caused by viruses, fungi and profisis, buf you just need to know sboui these ones.
You Need to Know About Three Viral Diseases... |

1) Measles is a viral disease. [t iz spread by dropleis from an infected person's sheeze or cough.

2} People with measles develop a red skin rach, and they'll show signs of a fever (a high femperature).

3) Measles can be very serious, or even fatal, if there are complications. For example, measles can
sometimes lead to preumonia (a lung infection) or inflammation of the brain (encephaliis).

4} Most people are vaccinated against measles when they're young.

1) HIV is a virus spread by sexusl contact, or by exchanging bodily fluids such as blood.
This can happen when people share needies when taking drugs.

2} HIV initially causes fAu-like sumptoms for a few weeks. Usually, the person doesn't
then experience any sympioms for several years. During this fime, HIV can be

confrolled with andiretroviral drugs. These stop the virus replicating in the body.
3) The virus attacks the immune cells (see page 48).

4} If the body's immune system iz badly demaged, i can’t cope with other infections
or cancers. Af this stage, the virus is known as [ate stage HIV infection, or AIDS.

1) Iobecoo mosaie vires (IMV) is 8 virus thet affects many spedies of plents, e.g. fomaioes.
) It causes a mosaie pattern on the leavas of the plants — pars of the leaves become discoloured.
3) The discolouration means the plant can't carry out pholosynthesis as well, so the virus affects growth.

“1HIII'||IIlII1||
Fh

= i 15 '_'

= imgortant for plank =

...a Fungal Disease... = g dadhag z
1) Rose black spot ie a fungus that eauses purple or black sgg};gfudwalupmi-hulewes_ mﬂﬁ £
of roge plants. Who'd have guessed. The leaves ean then furn pellow and drop off. *:..unlnlll'-lll"'

) This means that less photosynthesis ean happen, so the plant doesn’t grow very well.
3} I spreads through the environment in water or by fhe wind.

4) CGardeners can freat the disease using fungicides and by sirpping the plant
of e affected leaves. These leaves then need to be desiroyed so that the

fungus can't spread to other roze plands.

...and a Disease Caused bya Pmtlst

1) Malaria iz caused by a profist {mﬂ'ﬂprmluluapnga}
2) Part of the malarial protfist's life cycle takes place inside the mosquito. The mosquitoes are vectors
(see the previous page) — they pick up the malarial profist when they feed on an infected animal.

3) Every fime the mosquite feeds on another animal, i infects it by inserting the profist info the
animal’s blood vessels.

4} Malaria causes repeating episodes of fover. | can be fatal.
5) The gpread of malaria can be reduced by stopping the mosquitoes from breeding.
6) People can be profected from mosquitoes using insecticides and mosguito nets.

I've heard this page has gone viral...
The examiner could grill you on any one of these diseases, so make sure you know them all inside out.
Q1 What symptom of measles is shown on the skin? [ mark]

2 How can rose black spot be treated so that it doesn’t spread to other plants? [2 marks]
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Bacterial Diseases and Preventing Disease

Sorry — I'm afraid there are some more diseases fo learn about here. This fime, they're dizeazes
caused by bacteria. | don't know about you, but I'm starting to feel a bit Hehy all over...

You Need to Know About Two Bacterial Diseases

1) SBalmoneds is a type of bacieds that causes fond poisoning.

Salmonella bactera, e.g. eafing chicken that caught the dicesse whilst H was alive, or

eating food that has been contaminated by being prepared in unhygienic conditions.
E) In the UK, most poultry (e.g. chickens and furkeys) is given a vaccination
against Balmonella. This is to control the spread of the disease.

1) Gonorrhoea s @ sexually iransmitted disease (8TD).

2) 81Ds are passed on by sexusl contact, e.g. having unprofected sex.

3) CGonorrhoea e caused by bactera.

4) A person with gonorrhoea will get paih when they urinate. Another symptom iz a thick
yellow or green discharge from the vagine or the panis.

E) CGonorrhoea was originally freated with an anfibiolic called pericillin, but this has become
trickier now because straing of the bacteris have become pesistant fo H (see page 48).

B8] To prevent the spread of gonorrhoea, people can be freated with anfibiotics and should
uge barrier methods of contraception (see page BB}, such s condoms.

The Spreaﬂ of Disease Can Be Reduced or Prevented
There are things that we can do {o reduce, and even prevend, the spread of disease. For examnple:

1) Being hughenic — Using simple hyglene measures can prevent the spread of disease.
For example, doing things like washing your hends thoroughly before preparing food
or after you've sheezed can stop you infecting another parson.

Q) Destroying vectors — By geting rid of the organiems that epread dizease, you can
prevent the disesse from being passed on. Vectors that are insecis can be killed

using insecticides or by destroying their habiai so that they can no longer breed.

3) leolafing infected individuslz — If you isolate someone who has a
communicable disease, i prevents them from passing i on fo anyone else.

4) Vaccinaticnh — Vaccinating people and animals ageinst communicable diseases
means that they are less likely fo develop the infection and then pass i on to
someohe elze. There's more about how vaccination works on page 47.

The spread of disease — mouldy margarine...

OK, I promise, that’s it. No more diseases to learn about in this Topie. You may be sick of them already {geddit?)

but don't turn this page until you've got all the facts firmly attached to your cranial material.

Q1 What has made it harder to treat gonorrhoea? [1 mark]
Q2 It is important for chefs to wash their hands thoroughly before cooking. Suggest why. [! mark]

Topic B2 — Infection and Response



46

Fighting Disease

The human body has some pretiy neat features when it comes to fighling disease.

_ Your Body Has a Pretty Sophisticated Defence System _

1) The humen body has got features that stop a lot of nasties getting inside in the first place.

2) The skin acts as a barrier to pathogens. It also secretes anfimicrobial substences which kill pathogens.

3) Hairg and mucus in your nose trap particles that could contaln pethogens.

4) The iraches and bronchi {breathing pipework — see page 30) secrete mucus to frap pathogens.

E} The trachea and bronchi are lined with ciia. These are hair-like structures, which waft fhe mucus up fo
the back of the throat where H can be swallowed.

8) The stomach produces hydrochlosic acid. This kills pathogens that make i that far from the mouth.

Your Immune System Can Attack Pathogens

1) If pathogens do make it into your body, your immune sysfem kicks in to destroy them.

2} The most important part of your immune syetem i fhe white blood cells. They travel around in your
blood and crawl into every part of you, constantly patrolling for microbes. When they come scross
an irvading microbe they have three lines of attack.

l Consummg Tham

mhbhuduaﬂ engulf foreign cells and diges! them. % ,-
This I oaled phagooyusis. S ""“"_* 3. :.

' 2. Producing Antibodies

1} Every invading pathogen has unique molecules (called anfigens) on its surface.

2) When some fypes of white blood cell come across a foreigh andigen (l.e. one they don't recognise),
they will start fo produce profeing called anfibodies to lock onto the invading celle so that they can be
found and destroysd by other white blood cells. The antibodies produced are specific fo that type of
anfigen — they won't lock on fo any others.

3} Antibodies are then produced papidly end carried around the body to find all similar bacteria or viruses.

4) If the person is infected with the same pathogen again the white blood cells will rapidly produce
the antibodie: to kil # — the percon is naturslly immune fo that pathogen and won't get Ml

H\Hflilllru INEYRALE ! ”
antigens o anfibodies = Thewh-'tebic;mlclduh;.i”:
P e peodund 7 ke b
P ™ _.-/F-_“-- B ‘-/ w ’ "“'"";"sl?l-'mmlm:
i s f g -y - I
[ B | = | & L B ﬁ-ﬂ
\‘\; .ll 1 .-r‘l‘ !I‘= L l
ik new pathogens
4 | 4 attacked by
— white blood cell new anfibodies

3. Producing Antitoxins = These counteract foxing produced by the imading bacteris.

Fight disease — blow your nose with boxing gloves...
If you have a low level of white blood cells, you'll be more susceptible to infections. HIV attacks
white blood cells and weakens the immune system, making it easier tor other pathogens to invade.

Q1 What is phagocytosis? [ 1 mark]
2 How are the trachea and the bronchi adapted to defend apainst the entry of pathopens? [3 marks]
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Fighting Disease — Vaccination

Vaccinations have changed the way we fight disease. We don't always have to deal
with the problem once it's happened — we can prevent H happening in the first place.

Vaccinations Can Protect from Future Infections

1} When you're infected with a new pathogen, it takes your white blood cells & few days fo learmn
how to deal with . But by that fime, you can be pretiy il.

2) Vaccinahions involve injecting small amounds of dead or inacfive pathogens. These carry anfigens,
which cause your body to produce antibodies to attack them — even though the pathogen is harmless
(gince i's dead or inactive). For example, the MMR vaccine confaing weskened versions of the viruses
that cause measles, mumps and rubella {German measies) all in one vaccine.

3) But i live pathogens of the same fype appear after that, the white blood cells can rapidly
mass-produce anfibodies fo kil off the pathogen. Cool.

If liva measles

There are Pros and Cons of vaccinati.un

PROS

1) Vaccihes have helped condrol lote of communicable diseases that were ohoe commoh
in the UK (o.g. polio, measles, whooping cough, rubella, mumps, fetanus...}.
Smallpox no longer cecurs at all, and polio infections have fallen by 99%.

2) Big outbreaks of dizease — called epidemics — can be prevented if a large
percentfage of the population is vaccinated. That way, even the people who aren't
vaccinated are yplikely fo catch the disease because there are fewer people able fo
pase it on. But if a significant number of people aren't vaceinated, the disease can
spread quickly through them and lofe of people will be ill af the ssme fime.

CONS

1} Vaccines don't alweys work — somatimes they don't give you immunity.

2} You esn sometimes have a bad reschion to & vaccine (e.g. swelling, or maybe
something more cerous like a fever or seizures). But bad reactions are very rare.

Prevention is better than cure...

Deciding whether to have a vaccination means balancing risks — the nsk of catching the disease if you

don’t have a vaccine, against the risk of having a bad reaction if you do. As always, you nead to look at

the evidence. For example, if you et measles (the disease), theres about a 1 in 15 chance that you’ll get
complications (e.g. pneumonia} — and about 1 in 300 people who get measles aciually die. However, the

number of people who have a problem with the vaceine is more like 1 in 1 000 000.

o1 Basia is vaccinated against flu and Cassian isn't. They are both exposed to a flu virus.

Cassian falls ill whereas Basia doesn’t. Explain why. [2 marks] fESer=y
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Fighting Disease — Drugs

w8 biscuit, nurse? Thanks very much. Sorry, couldn't face that last page — I'm squeamich about needles.®

Some Drugs Relieve Symptoms — Others Cure the Problem

1) Painkillers (e.g. sspirin) are drugs that relieve pain (no, really). However, they don't actually
tackle the cause of the dizease or kill pathogens, they just help fo reduce the symptoms.

2} Other drugs do a similar kind of thing — reduce the sympioms without tackling the
underdying cause. For example, lofe of "cold remedies" don't actuslly cure colds.

3) Antisiotics (e.g. penicillin} work differently — they actually kill {or prevent the growth of)
the bacteria causing the problem without killing your own body cells. Different anfibiotics kill
different fypes of bacteria, so #'s important to be treated with the right one.

4} But anfiblofics don't destroy viruses (e.g. flu or cold viruses). Viruses reproduce using uour body eells,
which makes it very difficult to develop drugs that destroy just fhe virus without killing the body's cells.

5) The use of antiblotics hes grestly reduced the number of deaths from communicable diseases
caused by bacteria.

Bacteria Can Become Resistant to Antibiotics

1) Bacteria can mutate (change). This can cause them fo be resistant to (hot killed by) an antibiofic.
2) W you have an infection, some of the bacteria might be resistant to antibiotics.
3) Thiz means that when you ireaf the infection, only the non-resistant straine of bacteria will be killed.

4} The individual resistent bacteria will survive and reproduce. and the population of the resistant straln
will increaze. This is an example of natural selection (see page 76).

5) This resistant strain could cause a serous infection that can't be treated by antiblofics.
E.g. MREA (meficillin-resistant Slaphylococcus sureus) causes serfous wound infections
and i resistant to the powerful anfibiotic meticillin.

6) To glow down the pate of development of resistant sirains, if's important for doctors o svoid
ower-prescribing anfiblotics. 8o you won't get them for a sore throat, only for something more serfous.

7] We also importand that you finich fhe whols course of antibiotics and don't just stop once you feel better.

Many Drugs Originally Came From Plants

» Digitalis is used fo freat heart condifions. i was developed from a chemieal found in fogioves,
3) Bome drugs were exiracted from microorganisme. For example:
*  Alexander Fleming wag clearing out some Petri dishes containing bactorin. He noticed that one of

*  He found that the mould (called Penicilirn hofafum) on the Petr dish wasz

Ahh...Ahh... Ahhhhh Choooooooo — urghh, this page is catching...
Drug development is a big industry. And poess what — you're about to find out some more about it
Q1 Which type of pathopen can antibiotics be used to kill? [1 mark]

Topic B3 — Infection and Response *That's my exouse, you'll have fo think of your own.
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Developing Drugs

New drugs sre constantly being developed. But before they can be given fo the general public,
they have to go through a thorough testing proceduere. This is what usually happens...

There are Three Main Stages in Drug Testing

@ 1) In preclinical tesfing, drugs are tested on human cells and fissues in the lah.

2) However, you can't use human cells and fissues fo test drugs that affect

whole or multiple body systems, e.g. testing a drug for blood pressure must .__,'\1:"-
be dohe onh a whole animal becaouse i has an intact circulatory sysfem. P

(@) 1) The next siep in preclinical festing is 10 fest the drug on live animals.
This iz to test pfficacy (whether the drug works and produces the effect
you're looking for), to find out about is foxicity (how harmful it is) and

often it should be given).
2) The law in Britain states that any new drug must be fested on two different
live maminals. Some people think i's cruel to fest on ankmals, but others
believe this iz the gafest way to make sure a drug jsn't dangerous before
H'z ghven to humans.
_\_'l.|1|.|||rlilII.erl||1II.'|'III|IIIIIII-III|I|-|II.IIIIIJTIIII'5|-I||-I'||-|II-I||I|l!||||||:|'|1f_

= But some people think that animals are so different from humans that teting on animals s pointless. —
R L R T N R N T L R TR AR R TR R AR AN S

1) W the drug pesses the tests on animals then i's tested on human voluntesrs in a clinical trial.
2) Frt, the drug is tested on healthy volunteers. This is fo make sure that # doesn't have
any harmful side effects when the body fs working normally. At the start of the frial,

a very low doze of the drug is given and this is graduslly increasad.
3] W the results of the tests on healthy volunteers are good, the drugs can be tested on pecple

suffering from the fllhess. The oplimum dose is found — this is the dose of drug that is the
mvoet effective and has few side effects.

4) To test how well the drug works, patients are randomdy put info fwe groups. One ks given the
new drug, the other iz given a placebo (a substance that's like the drug being tested bui
doesn't do anything). This iz so the docior can see the actual difference the drug makes
— if allows for the placebo effect (when the pafient expects the freatment to work and =o
feels better, even fhough the freafment ksn'f doing anything).

5) Clinical trials are blind — the patient in the study doesn™t know whether they're getting the drug
or the placebo. In fact, they're offen double-blind — neither the pafient nor the doctor
knows undil all the results have been gathered. This ks zo the doctors monHoring the patients
and analysing the resulis aren't subconsciously influenced by their knowledge.

8) The results of drug testing and drug trals aren™ oo,
published until they've been through peer review.
This helps o prevent false claims.

L 1
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The placebo effect doesn’t work with revision...

... You can’t just expect to get 2 pood mark and then magically get it. 1 know, 1 know, there a lot of information to
take in on this page, but just read it through slowly. There nothing too tricky here — it's just a case of going over
it apain and apain until you've got it all firmly lodged in your memory.

a1 What is meant by the efficacy of a drug? [1 mark]
2 Why do clinical trials of a new drug begin with healthy volunteers? [1 mark]
3 Why must the results from drug testing be assessed by peer review? [! mark]

Topic B2 —Infection and Response



50 Topic B4 — Bioenergetics

Photosynthesis and Limiting Factors

First, photosynthesis equations. Then there are some more bits 'n' bobe you should know....

Photosynthesis Produces Glucose Using Light

1) Photosynihesis uses energy to change carbon dioxide and water info glucose and oxygen.

2) It tekes place in chloroplasts in green plant cells — they contein pigmends like chiorophyll thet abaorh light.
3) Energy is transferred fo the chloroplasts from the environment by light.

4) Photosynthesis is endothermic — fhis means energy is fransferred from the environment in the process.
B) The werd gguaﬂunfurphulumpﬁmﬁnln'

ESp——

B8) Here's the sumbol equation foo:

light

6C0, + BHO0 ——» CH.0, + 80,

Plants Use Glucose in Five Mﬁin"ﬂ'ajrs...
1} For respiration — This fransﬁzn: anerply from glucooe (see p- 54) whk:l'l enables the plants to

2} Making cellulose — ME iz corwerted into ceflulose for making niﬂmg plant coll wells (see p.1).

3) Making semino acids — Glucoss jg combined with nitrate ions (absorbed from the soll) to make
EminG aoids, which are fhen made into profeins.

4) Siored sz olls or fate — Glusoss ks furned inde lipids (fats end oils) for storng in seeds.

B} Dtored as sterch — Clucose s furhed into storch and siored in roofs, stems and leaves,

ready for use when photosynthesic ien't happening, like in the wirter. Slarch s insoluble,
which makes it much better for storing than glucose — a cell with lots of glucose in
would draw in loads of water and swell up

Limiting Factors Aﬁect the Rate of Photosynthesis I

1} The rate of photosunthesis ks affected by infensity of light, mnmhaﬁnnufﬂ[) and femperaty
2) Arny of theze three factors can become the limbting factor — Hinjunfhmﬂmlﬁsnfupplng
photosynthesis from happening any faster.

3) These factors heve a combined effect on the rate of photosynthesis, but which factor is limifing at a
parficular fime depends on the environmental conditions:
* af night i's preHy obvious thet light is the limiting factor,
* b winter H's often the temperature,
= i it's warm enough and bright enough, the amount of CO, is usually limiting.
4) Chlorophyll can also be a limiting factor of photosynthesis.
The amount of ehlorophyll in a plant can be affected by disesse (e.g. infection with
the tobaceo mosaic virus) or environmental stress, such as a lack of nuiriends. These
factors can cause chioroplasts fo become damaged or to hof make enough chlorophyl.
This means the rate of photosynthesis is reduced because they can't absorb as much light.

Now you’ll have something to bore the great-grandkids with...

You'll be able to tell them how, in your day, all you needed was a bit of carbon dioxide and some water
and you could make your own entertainment. But at the moment you need to learn this page. ..

ol Mame the products of photosynthesis. [2 marks]
Q2 Apart from temperature, name three other limiting factors of photosynthesis. [3 marks]
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The Rate of Photosynthesis

Now that you know light, CO,, and temperature all affect the rale of photosynthesls, you also need fo know
how they affect the rate, o you can fake a gander at a load of lovely pictures... wall, graphs. 1've also thrown
an experiment and an equation in for good measure. | can fell these pages are going fo be your favourites...

Three Important Graphs for Rate of Photosynthesis

1) Not Enough Light Slows Down the Rate of Photosynthesis

1) Light provides the shergy needed for photosynthess.

_:}::E 2) As the light level is raised, the rate of photosynthesis
increases steadily — buf only up to a certain point.

Rateof /
phul!:mg E{& 3} Beyond that, it won't make any difference — as lipht

e intensty increases, the rate will no longer increase.
€O, or temp needs This is because it'll be either the temperature or the
fo be increased CO, level which is now the limiting factor, not light.

rate increases with
P ight intensity | 4] In the lab you can change the light intensity by
- moving a lamp closer o or further away from your

plant {see the next page for thiz experiment).
E) Buf if you just plot the rate of photosynthesis ageinet "distance of lamp from the plant™, you
pet a weird-shapad graph. To get a graph like the one above you either need to measure the
light intensity af the plant using a light meter or do a bit of nifty maths with your results.

2) Too Little Carbon Dioxide Also Slows it Down
1) CO, ks one of the raw materials

2) Lwﬂh::hi infensity, the amount of CO N Rate of RN
will only increase the rate of photosynthesis photesynihesis \l\t}ﬁlﬁ:}
up to a point. After this the graph flattens out 1 2/
— as the amount of CO, increases, the rate r—
no longer increases, This shows that CO, is ight or temp neede
no longer the limifing factor. 19 % Norpaee
8) As long as light and CO, are in plentiful supply Plenity of ight (o7 lovel of €O,
then the factor limiting photosynthesic must
be tempesatura.

3) The Temperaiure has to be Just Right

1) Usually, if the femperature is the [imifing facior
M Rate of it's because it's too low — the enzymes needed
W for photosynthesis work more =lowly af
low femperatures.
i 2} But H the plant gets ioo hot, the enzymes #
e needs for photosynthesis and He other reactions

destroyed will ba damaged.

45 ° that hot i you're not careful ).
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The Rate of Photosynthesis

One Graph May Show the Effect of Many Limiting Factors
You could get a graph that shows more than one limiting factor on the rate of photosynthesis, for example:

1) The graph on the right shows how the rate of photosynthesic [
iz affected by light infensify and temperature. -

2] At the start, both of the lnes show that as the % =
ight infensify increases, fhe rate of phofosynihesis k] 25 °C
increases sfeadiy. -@E E: A

3) But the lines level off when lighi ie no longer the 5 & I5°C
limifing factor. The line at 25 °C levels off af a 'E.r,,f/"

higher point than the one at 15 °C, showing that
{ermperature must have been a limiting facior at 15 °C. light intensity

1} The graph on the ripht shows how the rate of photosynthesis
iz affected by light intensiy and CO_ concentration.

2) Again, both the lines level off when light is no longer the
limifing factor.

3) The lne atf the higher CO_ concendration of 0.4% levels
off af a higher point than the one at 0.04%. This means
€0 concenfrafion must have been a limifing factor at
0.04% CO,. The limiing factor here ion't femperature - - *
because it's the same for both lines (25 °C). light intensity

25 °C 0.4%

25 °C 0.04%

rate of
photosynthesis

- Oxygen Production Shows the Rate of Photosynthesis

Canadian pondweed can be used fo measure the effect of light infensity on the

rate of pholosynthesiz. The rate at which the pondweed produces oxygen corresponds fo the rate at which

it's photosynthesising — fhe faster the rate of oojgen production, the faster the rate of photosynthesis.

Here's how the experiment works: 0, bubble ruler syringe

1} A source of white light is placed at a 7 |
specific distance from fhe pondweed. light source

2) The pondweed is left to photosynthesice
for & st amount of fime.
As it photosynthesises, the oxygen
released will collect in the capillary tube.

3) At the end of the experiment, the suringe S
iz used to draw the gas bubble in the AL

Fad = Yous can compare e

tube up alongside a ruler and the length Hﬁl‘hj\"ﬂ'ﬁ SR ﬂmmhgﬂ_
of the gas bubble iz measured. This is - h lant stensities by going =

proportional to the volume of O, produced. E_mrahaall'w‘m!ﬂ =
- bblg ol =
4) For thiz experiment, any vadables that could affect the results should be énfwm .,-:f!mm F

|||\JI-ILI.I.JIII'|I:II-'|

controlled, e.g. the temperafure and fime the pondweed is left fo photosynthesize.
5) The experiment is repeated twice with the light source at the same distance and the mean volume of O,
produced is calculated.
8) Then the whole experiment iz repeated with the light source at different distances from the pondweed.

The apparatus above can be altered to measure the effect of temperature or CO, on photosynthesis.

E.g. the test tube of pondweed can be put into a water bath st a set temperafure, or 8 measured smoundt of

sodium hydrogenearbonate can be dissolved in the water (which pives off C0,). The experiment can then be
repeated with different femperatures of water / concentrafions of sodium hydrogencarbonate.
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The Rate of Photosynthesis

The Inverse Square Law Links Light Intensity and Distance
1} In the experiment on the previous page, when the lsmp is moved swsy from the pondweed,
the amount of ligh! that reaches the pondweed decreaces,
2) You cen say that as the distance increases, the light infensiy decreases,
In other words, distance and light infensity are inversely proporlions! to each other. Putting one over

3) However, it's hot quite as simple as that. I furns  This is the 'proportional to' symbol. the distance
shows the inverse.

to the squore of the distance. This is called the
Irwerse aquare [ow and iz writien out like this: -
4} The inverse square law means that if you holve the distonce, the light indensiiy will be
four tiroes greater and i you {5 the distance, the light infensity will be nine fines greatern.
Likewize, if you doubls the distance, the light intensity will be four Hoes sialler and H you
treble the distance, the light intensity will be nine times smalles,
E} You ean use |7 as 8 measure of light infensity.

The distance
is squared.

i

TR
T AMPLE
i

s Use the inverse square law to calculate the light intensity
when the lamp is 10 cm from the pondweed

1} Lise the formuis _!1' light intensity = 411_1

2} Fill in the yalues you know — g t 1
light intensity = ——=
you're given the distance, so put that in IR 10" ‘2. stands for

3] Caleulate the snswer =001 au rbitrary units.

You can Artificially Create the Ideal Conditions for Farming

1} The most cominon way to erfificially create the ideal environment for
plants is to grow them in a greenhouse.

2} Gresnhouszes help to frap the Sun's heat, and meke sure that
the temperature doesn't become limifing. Inh winter a farmer or
pardener might use a heater as well 1o keep the temperature af

the ideal level. In summer i could get {oo hot, so they might
use shades and ventilafion to cool things down.

3} Light is always needed for photosynthesis, so commercial farmers often supply
artificial light after the Sun goes down to give their plants more quality phofosynthesis fime.

4} Farmers and gardeners can alzo increase the level of carbon dioxide in the greenhouse. E.g. by using a
paraffin hester fo heat the greenhouse. As the paraffin burhs, if makes carbon dioxide as a by-product.

B} Keeping plants enclosed in a greenhouse alzo makes it easier fo keep them free from pests and diseases.
The farmer can add fertilizers fo the soll as well, o provide all the minerals needed for healthy growth.

B8] Sorting all this out costs money — but if the farmer can keep the condifions just rght for photosynthesks,
the plants will prow much fasfer and a decent crop can be harvested much more often, which can then
be sold. W's important that a farmer supplies just the Hght amount of heat, light, ete. — enough to make
the plands grow well, but not more than fthe plants need, as this would just be wasting money.

With enough light, photographers can also photosynthesise...
Mow don’t let the inverse square law put you off learning everything on these past three pages.

a1 An experiment was carried out to find out the effect of temperature on the rate of photosynthesis.
Name two variables that should have been controlled in this experiment. [2 marks]

02 A plant is moved from 15 cm away from its light source to 5 cm away from its light source.
Using the inverse square law, show that the light intensity becomes nine times greater.  [3 marks]
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Respiration and Metabolism

You need energy to keep your body going. Energy comes from food, and H's transferred by respiration.

Respiration is NOT “Breathing In and Out”
Bespiration involves many reactions. These are really important reactions, as respiration trancfers the snergy
that the cell heeds to do just about everything — this energy is used for all living processes.
1) Respirafion is not breathing in and breathing out, as you might think.
2) Respiration is the process of iransferring energy from the breakdown of glucose (sugar)
— and it goes onh in every cell in your body condinuously.
3) It happens in plants foo. All living things respire. It's how they fransfer energy from their food

1o their cells.
RESPIRATION i the process of ING E Y Giu /

which goes on IN EVERY CELL.
4] Respiration is exothermic — it fransfers energy fo the environment.

Respiration Transfers Energy for All Kinds of Things |

Here are three exomples of how organisme use the energy trancferred by respiration:

1) To build up larger molecules from craller ones (like profeine fromn aming acids — see below).
2] In animalz #'s used to allow the muscles o condract (so they can move about).

3) In mammals and birds the energy is used 1o keep their body femperature steady in colder
surrouhdings. (Unlike other animals, mammals and birds keep their bodies consfantly warm.}

Metabolism is ALL the Chemical Reactions in an Organism |
1} Ina cell there are jofs of chemical reactions happening all the time, which are controlled by enzymes.

2) Many of these reactions are linked together fo form bigger reactions: Ty
enzyme enzyme anzyme O E
reactant SRR ) pﬂ:ﬂﬂﬂ‘! e P"“d‘m* i pr[Il.l[‘."! — cathats — g p25 =

7T||_||||||||.“|1|””Q
3} In some of these reactions, larger molecules are made from smaller ones. For example:
* Lote of small glugose molecules are joined fogether in reactions to form sfarch

{a storage molecule in plant cells), glycogon (a storage molecule in animal cells)
and cellulosa (a component of plant cell walls).

= Lipid molecules are each made from one molecule of ghycerol and fhree fathy acids.
= Glucose iz combined with nifrate ions o make aming acids, which are then made info proteins.

4) In other reactions, larger molecules are broken down info smaller ones. For example:

* Glucose is broken down in respiration. Respiration fransfers energy to power sl the reactions
in the body that make molecules.

= Exeess profein is broken down in a reaction fo produce ures. Urea is then excreted in urine.
5) The sum (total) of sll of the reactions that happen in a cell or the body is called its metabolism.

Respiration transfers energy — but this page has worn me out...

Isn’t it strange to think that each individual living cell in your body is respinng every second of every day,
transferring energy from the food you eat. This energy is used to make molecules that our cells need.

Q1 Give two examples of how animals use the energy transferred by respiration. [2 marks]

2 What is metabolism? [1 mark]
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Aerobic and Anaerobic Respiration

There are two fypes of respiration, don't cha know...

HAerobic Respiration Needs Plenty of Oxygen
1) Aercbic respiration is respiration using omygen.
It's the most efficient way to fransfer energy from glucose.
2] Aerobic respiration goes on gl the fime In plants and animals.
3) Mozt of the reactions in serobic respirafion happen inside mitochondria (see page 11).
4] Here sre the word and sumbol equations for serobic recpiration:

CHO0, + 60, — B6CO, + 6HO

Enaernhic Respiration is IFse:l if There 's Hut Ennugh ijrgen |

Hmwmwmwmurwgnm?mmgmu@mhwmum.

they start doing snasrobic respiration as well as serobic respiration.

1) "Anserobic” just means "without oxygen”. W's the incomplete breakdown of glucose, making lactic acid.
2} Here's the word equation for anaerobic respiration in muscle cells:

glucose ——— lactic acid

i g 1] zhirgy as aerobic respiration.
This iz because glucose izh't fuﬂu Dﬂ:ﬁmd [Imnm H doesn't combine with oajgen).
4] 8o, anaerobic respiration is only useful in emergencies, e.g. durng exercize when H allows you to keep
oh using your muscles for 8 while longer,

3)

I Enaerghicﬁspiiatinn in Plan_ts and Yeast is Slightly DiEe:rent |

1) Planis and yeasi celle can respire withou! oxugen too, but they produce sihancl {alechol)
and corbon dicwdde instead of lactic acid.

2) Here is the word snustion for anserobic respirafion in plonds and yesst cells: ST g

3) Anaerobic respiration in yeast cells s called fermendation.
4) In the food and drinks industry, fermentation by um is of greal UQELE %

I'd like a ham and fermentation sandwich please... yum

Fermentation is a really important process because of its use in making alcoholic drinks and bread.
We drink and eat so much of these that making them is big bucks. And its all down to tiny yeast cells.

Q1 What are the reactants of asrobic respiration? [2 marks]
2 Whatis the process of anaerobic respiration in yeast called? [1 mark]
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Exercise

When you exsrcize, your body responds in different ways fo get enough enerpy 4o your cells.

When You Exercise You Respire More

1} Muscles need energy from respiration to confract. When you exercize, some of your muscles confract
miore frequently thah nomal so you need more energy. This energy comes from horeased respiration.

2} The increase in respiration in your cells means you need to get more xygen into them.

3) Your bresthing rate and breath volume increase fo get more oxygen info the blood, and your heari rate
intreases to get this oxygenated blood around the body faster. This removes O, more quickly
at the same time.

4) When you do really vigorous exercise (like sprinting) your body can't supply oxygen fo your muscles
quickly enough, so they ctart recpiring snasrobically (see the previous page).

5} mﬂhmlmﬂhﬂfﬂﬂmms{ﬂmﬁmﬂﬂUMM \l”lllill-rrnrrl.rlnnru
because lactic acid bullds up in the muscles, which gets painful. fram"" actic acid =
6) Long perods of exercise also cause muscle fatipue — z m;;?ﬂ"’x:m:
'Hmrnundlﬂ.ﬂ:ﬂffidlhdﬂ‘lﬂhﬁﬂg ED"I:"I‘EE!E' EE‘H‘.IEJBI'TFL.I. !“”'-“Illll|.|F||||.|Fr'|'|€

Anaerobic Respiration Leads to an Oxygen Debt

1) After resorting to anaerobic respiration, when you stop exercising you'll have an "oxygen debt".

2} An oconygen debt iz the amount of exirs oxygen your body needs to react with the build up of lactic acid
and remove it from ihe cells. Oxygen reacts with the lactic acid {o form harmless CO_ and water,

3) In other words you have o "repay” the oxygen that you didn't get to your muscles in time,
because your lungs, heart and blood couldn't keep up with the demand earlier on.

4} Thiz means you have to keep bresthing hard for a while sfter you stop, fo get more oxygen into your
blood, which is transported to the muscle cells.

6) The pulse and beeathing rate stay high whilst there are high levels of lactic acid and CO,.

8) Your body slso has another way of coping with the high level of lactic acid — the blood that enters your
muscles transports the lactic acid fo the liver. In the liver, the lactic ackd is converted back to glucose.

Ydu Can Investigate The Effect of Exercise on The Body .

1} You can measure breathing rafe by counting breaths, and heart rate by faking the pulss.
2) E.g. you could teke your pulse affer:

0
= sitfing down for B minutes, f §
+  then after E minutes of gentle walking,

= ihen again affer & minutes of slow jogging, gi

= then again after running for & minutes,
and plot your resulfs in a bar charf. nﬂﬁ #ﬁbﬁ?’:ﬁf

3) Your pulse rate will incroasze the more infense the exercise is, as your body needs fo

_‘\\IHHHTH|lI'I|IrIIIII.r_,:
= ou put twa ingers an the
= imside of your wrsk or your
= neck and count the number

of pulses in T minute.
1H.1'||'Ir]|i|.l||.1|||r]""I

APk

-

et more oxygen fo the muzeles and fake more corbon diosdde sway from the muscles.
4) To reduce the effect of any randon errors on your resulfs, do # as a proup 3 '-1-“;'::5::'47!; ! ”._
and plot the sverape pulse rate for each exercice. = vandom error on page 5.~
TR R e ¥

Oxygen debt — cheap to pay back...
At the end of a sprinting race you often see athletes breathing hard — now you know this is to get rid of
the lactic acid that’s built up in the muscles. But remember. the liver plays a role in breaking it down too.

Q1 Look at the graph above. Predict which type of exercise would lead to the highest
concentration of lactic acid in the blood after 10 minutes. Explain your answer. [4 marks]
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Revision Questions for Topics B3 & B4

I's all over for Topice B3 and B4 folks. So here are some questions onh them... ::x“'l':::;::w::;;‘u:l';;m”‘

+  Try these gquestions and fick off each one when you get i rght. T Retrieval Quirres for Topics B3
+  When you're completely b with & sub-fopie, tick i off. =, amd B4 —— just scan the QR codes!

TR E I L LR T

[ANERRTAS

e s

Types of Disease (p.43-45) E]

1) How ean bacteria make us feel HI7

2] How does tobscco mosaie virue effect a plant's growth?

3} How are mosquifoes involved in the spread of malaria?

4} What are the symptome of gonorrhoea?

E} How can destroying vectors help fo prevent the spread of diseasa?

Fighting Disease (p.46-49) [ |

6) What does the stomach produce thet can kill pathogens?

7} Give three ways that the white blood cells can defend against pathogens.

8) Give one pro and ohe con of vaccihation.

9] Why iz it difficult o develop drugs that kill viruses without also damaging body tissues?
10} Which plant does the painkiller aspirin criginate from?

1) What two things are drugs tested on in preclinical testing?

12) What is a placebo?

Photosynthesis (p.50-53) D

12) Where in a plant cell does photosynthedis take place?

14) What iz an endothermic reaction?

15) What is the word equation for photosynthesis?

18] Why do plants sfore glucose az starch?

17) What iz meant by a "limiting factor’ of photosynthesis?

18) What effect would a low carbon dicsdde concentration have on the rate of photosynthesis?
19) Describe how you could measure the effect of light infensHy on the rate of photosynthesis.
20) In the hverse square law, how are light intensity and distance Bnked?

Respiration and Metabolism (p.54-56) f:l

2} What is respiration?

29) What iz an exothermic reacton?

23) Name the products of serobic respirafion.

24) What iz produced by anserchic respiration in muscle cells?

05) What iz the word equation for anasrobic respiration in yeast cells?

26) Name two products of the food and drink industry that fermentation is needed for.

27) Give three things that increase to supply the muscles with more ooyygenated blood during exercice.
28) In what organ is lactic acid converted back to glucose?

OOO0O0000 00000000 DO00doodo Ooood
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Homeostasis

Homeostasizs — a word that sirikes fear into the heart of many a GCOE student. Buf it's really not that bad
at all. Thiz page is a brief infroduction fo the topie, se you need to nail all of this before you can move on.

Homeostasis — Maintaining a Stable Internal Environment

1) The conditions inside your body need to be kept steady, even when
the exiernal envirohment changes. Thiz iz really important because
your cells need the right conditions in order fo funclion properly,
including the Hght condifions for ehzyme scfion (see p.25).

2} Hmmﬁmhhdnbmﬂhgﬁuhﬁnhnfﬂ'ﬂmrdﬂnrﬂlnddu

your body (and cells) o mainiain a ste :
hmmwhbmhlrﬂundmmwmdm

3) You have loads of sutomatic confrol systems in your body
that regulate your internal environment — these include both nervous and hormonsl communication
systems. For example, there are confrol systems that maintain your body temperature, blood glucoss
level (see page 63) and your water content.

4} Al your automatic control systems are made up of three nents which work together
to maintein a steady condition — cells called receptors, morci_ngﬂunmﬂran[h—dudrgﬂmbrﬂn
spinal cord and pancreas) and effeciors.

Negative Feedback Counteracts Changes

Your sutomatic condrol systems keep your internal environment steble using a mechanism called

negative feedback. When the level of something (e.g. water or glucose) gets too high or too low,
your body uses negative feedback fo bring # back to normal.

1} Receptor detects a stimulus By Reeptiy dhtbol® & Bl 1t 1410
= isa =
"Mhm —Mht@_ﬂ - d"""‘ﬁ*m&" _:
* * _?’.r emrn'nﬂtﬂ;t II-.'_
(IRASRERRRLRN
2) The coordination cendre receives 2} The coordination cendre receives
and processes the information, and processes the information,
then organices & response. Ee.. then organises & responss
3) Effector produces a responas, w‘} X 3) Effector produces a responss,
which counieracs the change which counteracts the change
and restores the optimum level and restores the opfinum level
— the level decreases. — the level increases.

Thanﬁacinraﬂljunfmngmpmduu&ﬂﬂmmnpnmfmmlmﬂmﬂmq'm

mddnﬂﬂmlwddﬂnﬂutmmunh{m;;ﬁunﬂnldud] Luuklgﬁluﬂ[ﬂ_ﬂ;
detects if the level becomes joo different and negative feedback siaris

Thiz process happene without you thinking about # — H's all sutomatic.

If you do enough revision, you can avoid negative feedback...

Megative feedback iz a fancy-sounding name for a not-very-complicated idea. 1t's common sense really.

For example, if you looked sad, 1'd try and cheer vou up. And if you looked really happy, I'd probably start to
anmoy you by flicking the backs of your ears. It stops things getting out of balance, 1 think.

Q1 Why do the internal conditions of your body need to be regulated? [ mark]

Q2  Name the component of a control system that detects stimuli. [ mark]
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The Nervous System

Organisme nead to respond fo stimuli (changes in the environment) in order fo survive. A single-celled organksm
can just respond to s environment, but the cells of multicellulsr crganisms need fo communicate with each ofther
first. 8o as multicellular organisms evolved, they developed nervous and hormonal communication systems.

The Nervous System Detects and Reacts to Stimuli
The nervous system mesns that humans can react o their surroundings and coordinate their behaviour.

The Nervous System is

: Receptors and Effectors can
made up of Different Parts

form part of Complex Organs
1} Recepiors are the cells thaf

deteet stimuli-
2} There are many different types

of receptors, such as fasfe

[ Central Nervous System i_ﬂﬂﬂ}_:

I verfebrates (animals with
backbones) this consists of

the Lrain and spinal cord only.
In mammals, the CN8 is receptors on the fongue and
connected fo the body by senaory sound receptors in fhe ears.

3) Receptors can form part

of |erger, complex organs,
e.g. the refina of the sye is

covered in light receplor cells.

neurcnes and mofor heurones.

E Bonzory Neurcnes

The neurcnes that carry
information as electrical impulses 4) Effectors respond fo nervous
SN 1o the ONG. impulzes and bring about a change.

5} Muscles and glands are known
as gffectors — they respond in
differant ways. Muszcles condract

P
Motor Neurones |
The neurones that carry electrical

i response to a nervous impulse,
impulses from the CN8 fo effectors. wh ks maceats | 3
| Effectors o
All your muscles and glands,
which respond to nervous impulses.

The Central Nervous System {C.HS] Coordinates the Response

The CNS iz a coordination cendre — H receives information from the receptors and then
coordinates & response (decides what to do about /). The responce iz carred out by effectors.

For example, 8 small bird iz eating some sead...
1) ...when, out of the corner of Hs eye, it spote a cat skulking towards i {this is the stimulus).

2} The receptors in fhe bird's eye are sfimulated. Sensory neurones carry the information

from #he receptors to the CNE. ﬁ:}
3) The CN8 decides what o do about it. g
4) The CNS sends information to the === ielpe --
muscles in the bird's wings (the effectors) h. > é :
along motor nevrones. The muscles Mok y ‘__,’ mw
contrect and the bird fies away to safedy. e T

Don’t let the thought of exams play on your nerves...

Don't forget that its only large animals like mammals and birds that have complex nervous systems.
Simple animals like jellyfish don’t — everything they do is a reflex responses {see next page).
Q1 MName two types of effector. [2 marks]

Topic BE — Homeostasis and Response



60

Synapses and Reflexes

Neurones transmit information very guickly to and from the beain, and your brain guickly decides
how to respond to a stimulus. But reflexes are even quicker...

. IISI'IYI'IJPEEE éﬁnnecf ﬁéumn&s -

1) The conhection befwean two neurches ks called 8 synapae.
2} The nerve signal is transferred by chemicals

which diffuse (move) scross the gap.
3} These chemicals then set off a hew slectrical signal in the hexi heurohe.

Reflexes Help Prevent Injury

1} Reflexes are rapid, aufomatic responses fo cerfain stimuli that don't involve the consclous part of
the brain — fhey can reduce the chances of being injured.

2} For example, f someone shines a beight light in your eyes, your pupls automatically get emaller

g0 that less light gets info the eye — this stops it getfing damaged.
3) Or i you get a shock, your body releases the hormone adrenaline automatically
— it doesn’t wait for you to decide that you're shocked.

4} The passage of information in a reflex (from receptor to effector) iz called a reflex arc.

The Reflex Arc Goes Through the Central Nervous System

1) The neurones in reflex arcs o through the spinal
cord or through an unconscious part of the bealn.
2} When a stimulus (e.g. a painful bee shing) iz
detected by receptors, impulsas are sent along a
gansory neurone fo & relsy neurone in the CNB.
3} When the impulses reach & synapse between the

sensory heurcne and the relay neurone, they trigger
chemicals 1o be released (see sbove).

These chemicals cause Rt R
impuleas to be sant = Ry neurgnes comnect sersory -
[m-.g T meumdres to fHor neurones. -
. the relay newone. - L TR AR RGN R

4} When the impulzes reach a sunapse belween the relay
heurche and 8 motor heurone, the same thing happens.
Chemicalz are released and cause impulzes to be send
along the moior neurche.

& The impulzes then travel slong the motor neurone fo the affecior
{ which is usually a muscle, like in fhis example).

8) The muscle then cordracis and moves your hand away from the bee.

7} Because you don't have to think about the response (which takes time) it's quicker than normal responses.

Don’t get all twitchy — just learn it...
Reflexes bypass your conscious brain completely when a quick response is essential — your body just
gets on with things. 1f you had to stop and think first, you'd end up a lot more sore {or worse).

Q1 Whatis a reflex action? [1 mark]
Q2 A chef touches a hot pan. A reflex reaction causes him to immediately move his hand away.
a) State the effector in this reflex reaction. [1 mark]
b} Describe the pathway of the reflex from stimulus to effector. [4 marks]
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Investigating Reaction Time

On your marks... get sef... read thiz page.

Reaction Time is How Quickly You Respond

Reaction fime iz the time it takes fo respond o 8 siimulus — it's often less than a second.
It can be affecied by factors such as age, gendsr or drugs. gt

You Can Measure Reaction Time l

Caffeine iz a drug thet can speed up 8 person's reaction fime.
The offect of caffeine on reaction ime can be messured like this...

1} The person being tested should sit with their arm resting on the edge of a table
{thiz should stop fthem moving their arm up or down during the fest). - om
2] Hold a ruler vertically between their thumb and forefinger. Make sure S -
that the zero end of the ruler iz leve| with thelr thumb and finger.
Then lef go without ghing any warning.
3) The person being tested should try fo celch ihe ruler
as quickly as they can — as sooh as they see i fall.
4] Reaction fime is measured by the number on the ruler where it's caught.
The number chould be read from the fop of the thumb. The further down the
ruler it's caught (i.e. the higher the number), the clower their resction fime.
E) Repeast the test several fimes then caleulate the mesn distance that the ruler fell.
B) The person being tested should then have a caffainated drink \lmi; Ilalalj.: w;;;:;::t: ipl.,:.:;.,”
(e.g. 300 ml of cola). Afer ton minutes, repeat steps [ 1o 5. to work out the reaction time in
7) You need fo oonirol sny varisbles o make sure that this iz a fair fast, =, o070 =g the mean dotance.
For example, you should use the same person fo eatch the ruler each time, and thet person should
always use the zsme hand fo catch the ruler. Alzo, the ruler should siways be dropped from the
same helght, and you should make sure that the person being tesfed has not had any caffeine
(or anything else that may affect their reaction time) before the start of the axperiment.
8) Too much caffeine can cause unplessant side-effecis, so the person being fested should

avold drinking sry more caffeins for the rest of the day after the experiment is complefed.

LRI RRATY,
LYY

' Reaction Time Can Be Measured Using a Computer |

1) SBimple computer tests can also be used fo measure reaction fime.
For example, the person being tested hes to click the mouse {or press a key)
as sooh as they see a sfimulus on the screen, e.g. a box changes colour.

2} Compufers can give a more precise reaction fime because they remove the
possibility of human error from the measurement.

3) Az the computer can record the reaction time In milliseconds,
it can aleo give a more accurate measurement.

4] Using 8 computer can aleo remove the possibility that the person can
grndiniwl’minmpurl:l using the ruler test, the cafcher may learn

to anficipate the drop by reading the fester's body language.

Ready... Steady...
.. Ah, too slow.
o1 Some students investigated the effect of an energy drink on reaction time. They measured their reaction
times using a computer test. They had to click the mouse when the screen changed from red to green.
Each student repeated the test five times before having an energy drink, and five imes afterwards.
a) The results for one of the students before having the energy drink were as follows: ﬂ
242 ms, 256 ms, 253 ms, 249 ms. 235 ms. Caleulate the mean reaction time. [2 marks)
b) Supgest two variables that the students needed to control during their investipation.  [2 marks)
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The Endocrine System

The other way o send information around the body (apart from along nerves) & by using hormones,

Hormones Are Chemical Messengers Sent in the Blood

1) Hormones are chemical molecules released directly into the blood. They are carried in the blood fo
other parfs of the body, but only affect parficular cells in particular organs (called forgel orpans).
Hormones confrol things in organs and cells that need consfand adivsimend.

2} Hormones are produced i (and secreted by) varous glasds, ealled endocrine plands,

These glands make up your sndocring sysiem.
3) Hormones tend to have relatively long-lasting effects.
4} Here are come examples of glands:

E PITUITARY GLAND @
This fhroxine, which is
The pituitary gland produces many Mmmhg' like
hormones that regulate body conditions. R i things
It iz sometimes called the "'master pland" :|_Ein :‘d@f r5h|.+
because these hormones act on ofher QAT FATE iemperature.

plands, directing them fo relesse hormones
that bring about change.

" ADRENAL GLAND |

Thiz produces sdrenadine,
which iz uzed fo prepare the
body for 8 "fight or flight"
response (see page B7).

This produces inaulin,
which iz used to

controls pubsrty and sperm regulate the blood
production in males (see page 64). plucoze level (see
hext page).
Hormones and Nerves Have Differences
NERVES:  Very FAST action. HORMONES: olOWER action.
Act for & very SHORT TIME. Act for a LONG TIME.
Act on a very PRECIZE AREA. Act in a more CENERAL way.

8o H you're not sure whether & response iz nervous or hormonal, have a think...

1) If the response s reaily guick, #'s probably nervous. Bome information needs o be passed fo
effectors really quickly (e.g. pain signals, or information from yowr eyes telling you about the lion
heading your way), so H's ho good using hormones fo carry the message — they're foo slow.

2) But if a response lasts for a long fime, #'s probably hormonal. For example, when you get a
shock, a hormone called adrenaline is released into the body (causing the fight or flight responze,
where your body iz hyped up ready for action). You can fell #'s a hormonal response
{even though H kicks in prety quickly) because you feel a bif wobbly for a while sfterwards.

Nerves, hormones — no wonder revision makes me tense...

Hormones control various organs and cells in the body, though they tend to control things that aren’t immediately
life-threatening (=0 things like sexual development, blood sugar level, water content. ete.).

Ql Why is the pituitary gland referred to as the ‘master gland'? [1 mark]
Topic BS — Homeostasis and Response
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Controlling Blood Glucose

Blood glucose iz also condrolled as part of homeostasis, |nsulin and plucagon are the two hormones involved.

_ Insulin and Glucagon Control Blood Glucose Level |

1} Eating foods containing carbohwdrate puts glucose (a type of sugar) into the blood from the gut.

2) The normal metabolism of cells removes plucose from the blood.

3) Vigorous exercise removes much more glucose from the blocd.

4) Exgess plucose can be stored as glucogen in the [iver and in the muscles.

5} The level of glucose in the blood must be kept steady. Changes are monitored and controlled
by the pancreas, using the hormenes jnoulin and glucagon, in a negative feedback cycle:

Blood glucose level TOO HIGH Blood glucese level TOO LOW
— INSULIN is ADDED — GLUCACGON is ADDED

LYY
ETALAREN
o] L

@ §
i

= ﬁmwm,‘

.-'(‘.1lll.‘h11l.|1ll.

With I-Jiahetes,.‘i'nu Can’t Control Your Binn&-sﬁgaz Level
Dighefes iz a condifion that affects gour ability fo conirol your blood sugar level. There are fwo fupes:

level can rize to a level that can kil then. People with Type 1 diabetes need insulin fherapy — this
usually iwolves several [njections of insulin throughout the day, most likely at mealimes. This makes
sure that glucose kg removed from the blood quickly once the food has been digecsicd, stopping the

depends on the person's dizf and how aciive they are. As well as insulin therapy, people with Type 1
disbetes need to think about liriting the intake of food rch in simple carbohudrates, e.g. sugars
(which cause the blood glucose to Hse rapidly) and taking regular exercize (which helps fo

perove exeess gluncse from the blood).

2} Tupe 2 disbetes iz where a person becomes resisiant fo thelr own insulin (they still produce insulin,
but their body's eells don'l respond properly to the hormone). This ean also cause a person'’s

deyeloping Type 2 diabetes, as obesiy ks a major dek fsofor in the development of the dizease.
Type 2 disbetes can be confrolled by eating a corbohudrate-—controlled dist and getting regular sxercize,

And people used to think the pancreas was just a cushion...

This stuff can seem a bit confusing at first, but if you learn those two diagrams, ND @
it should get a bit easier. B
o1 The graph shows the relative secretion rates of insulin and glucagon g
as the blood glucose level increases. Which curve represents glucagon?  «
Explain your answer. [2 marks]
Blood ghacose level
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Puberty and the Menstrual Cycle

The monthly release of an egp from 8 woman's ovaries is part of the menstroal cycle.

Hormones Promote Sexual Characteristics at Puberty

At puberty, your body sfarfs releasing sex hormones fhat trigger off secondary sexusl charsciericfics
(such as the development of facial hair in men and breasts in women) and cause egps fo mature In women.
*  |n men, the main reproductive hormone is festosterone. i

I's produced by the testes and stimulates sperm production.
*  In women, the main reproductive hormone is oestrogen. H's produced by the ovares.
As well as bringing about physical changes, cesirogen is also iwolved in the menstrual cucle.

The Menstrual Cycle Has Four Stages |

Sfage | Day | — mensfruation starts. The uterus lining breaks down for sbout four days.

Stage 2 The uterus lining builds up again, from day 4 to day 14, into a thick spongy layer full of blood
vessels, ready to receive a fertilised egg.

Stage 3 An egp develops and is released from the ovary at day 14 — this s called ovulation.
Stage 4 The well iz then maintsined for about 14 days undil day 28. If no fertilised egp has landed on the
uterus wall by day 28, the spongy lining starts to break down and the whole cycle starts again.

It’s Controlled by Four Hormones

N i i
: t : 1) Produced in the pitultory glond,
2} QCauses an egy o mature ih one of the ovaries,

€) LH (Luteinising Hormone)
1) Produced in the ovaries. 1) Produced by the piuitary pland.
2} Causes the lining of the uterus to grow. 2} Stimulates the pelegse of an ogp
3) Stimulates the release of LH {which causes the at day 14 (ovulafion).
releasze of an egg) and inhibits release of FH.
@ﬁugaﬁm

1) Produced in the ovaries by the remaine of the follicle after ovulation.

2} Maintaing the bning of the vterus during the gecond halfl of the eyele.
When the level of progesterone falls, the lining breaks down.

3) Inhibits the release of LH and FOH.

Which came first — the chicken or the luteinising hormone...
Learn this page until you know what hormone does what and understand the graphs.
Q1 Name the hormone that stimulates an epg to mature in the ovary. [ mark]

Q2 Where is testosterone produced in the male body? [1 mark]
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Controlling Fertility

Pregnancy can happen if sperm reaches the ovulated egg. Condraceplion fries to siop this happening.

Hormones Can Be Used to Reduce Fertility

1) Deshopen can be used to prevend the release of an ggg — so H can be used az a method of condraception.
2) This may seem kind of strange (since naturally cestrogen helps stimulate the release of eggs).

Bui i oestrogen s taken every day o keep the level of H permanendly high. H inhibits the
production of F8H, and after a while egg development and production stop end stay stopped.

3) Progestorche slso reduces fertfility, e.g. by stimulating the production of thick
mucus mmwwmﬂdﬂmﬁm@mﬂmmm%
4} The pill iz an oral confraceptive umfﬂnhﬂ___r'ggg_g.andpﬂg
(known as the combined oral confrace pifl).
B} W= over 9% effective aiprmmﬂrgpmg;mnq; but # can cause cide effects ke
headaches and nausea and H doesn't profect againet sexually fransmithed dizeases.
8) There's also a progesteronhe-cnly pill — # has fewer side effects than the pil, and iz just as effective.
T} There are other methods of contraception that use hormones:
* The coniraceptive patch eontaing oestrogen and progesterone {the same as the combined pill).
H'namﬂ{meEm}pﬂMMstﬂmd{h. Each patch lasts one week.
{racentive implant is inserted under the okin of the arm. H releases & confinuous smount of
ML Mmhmdmw wmkmﬁlmdfmupmn!unﬂninﬂmuﬂg,
m-vdsinpau—qh-lﬁmdugghﬁmﬂnghﬂ'ﬂulm An implant can last for three years
aceptive injection also conteins propesterons. Esch dose lasts 2 fo 3 months.
. .hnhfrnu-inﬂmdmﬂm[IUI)}hnmmmmhﬂmmmmwunmkﬂlsmw
prevent implantation of a ferfilized egg. There are two main types — plastic IUDs that relesse

progesiercne and copper [UDs that prevent the sperm surviving in the uterus.

Barriers Stop Egg and Sperm Meeting

1) Kon-hormonal forms of condreception are decigned fo stop the sperm from geting 4o the egg.

2} Condoms are worh over the penis during intercourse fo prevent the sperm entering the vagina.
cohtracepiion ih;imul-lrg;ra;;ci against sexually transmitted diseases.

3) A disphragm is a shallow plastic cup that fits over the cervix (the enfrance to the uterus) to form a barrier.
It has to be used with spermicide (a substance that dizables or kills the sperm).

4} Spermicide can be used alone as a form of contracephion, but # is nof as effeciive (only about 70-B80%,).

There are Other Ways to Avoid Pregnancy

STERILISATION — Sterflisation bwolves cutting or fying the fallopian fubes (which connect the ovaries

{o the uierus) in a female, or the sperm duct (the tube between the testes and penis) in a male.

This iz a permanent procedure. However, there iz a very small chance that the fubes can rajoin.
"NATURAL METHODS — Pregnancy may be avoided by finding out when in the mensfrual cycle the woman
iz most ferlile and avoiding sexual infercourse on those days. I's popular with people who think that
hormonal and barder metheds are unnatural, but e not very effective.

ABETINENCE — The only way to be completely sure that sperm and egg don't meet k= to not have infercourse.

The winner of best contraceptive ever — just not doing it...

You might be asked to evaluate the different hormonal and non-hormonal methods of contraception in your exam.
1f you do, make sure you weigh up and write about both the pros and the cons of each method. Exciting stuff.

Q1 Mame two forms of contraception that reduce fertility by releasing cestrogen. [2 marks]
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More on Controlling Fertility

Bcientific advances in understanding ferilily have led fo many infertile women being helped o uve Labies.

Hormones Can Be Used to Increase Fertility '

1} Bome women have levels of FQH (follicle-stimulating hormona) that are too fow fo cause their
egpe fo maturs. This means that no agps are peleased and the women can't et pregnant.

2} The hornones F8H and LH can be given fo women in a fedility drug to stimulate ovulation.
3 1t helps a lot of women to get It doesn't ahways work — some women may have
& pregnant when previously they =8 to do it many times, which can be sxpenzive.
couldn't... pretiy obvious. § Too many) egps could be sfimulated, resulting in

uhexpected multiple pragrancies (fwine, trplets, ate.).

IVF Can Also Help Cunpies to Have Children |
If & woman canhot get pregnant using medication, she may chose to try IVE (" wiro ferilization”).
1) IVF inwvolves ecllecting eggs from the woman's ovaries and ferfilising them in a lab using the man's sperm.
2} IVF reatiment can also irvolve a fechnique called [nira-Cyfoplesmic Sperm Injection (I081], where the sperm
Iz injected directly info an egg. W's useful i the man has a very low sperm count.
3} The fertiiced aggs are then grown info embryos in a laboratory incubator.
4} Onece the embryos are finy balls of cells, one or two of them are fransferred o the woman's werus
to improve the chance of pregnancy.
5) E8H and LH are given before egg collection to sfimulate several egge to mature
(=0 more than ohe egg can be collected).
5 Fortiity reatment can give an infartile couple g child — a pretty obvious beneit.

Multiple birthe cah happen if more than one embryo grows info a baby — these are rsky for the

mother and bables (there's a higher rick of miscarrdage, sfillbirth...).

The success rate of IVF = low — the average success rate ih the UK iz about 28%. This makes

the process incredibly strecsful and often upsetiing, especially i # ends in mulfiple falures.

As well as being emotionally strescful, the process iz also physteslly sireschul for the woman.

Bome women have a strong reaction fo the hormones — e.g. sbdomingl pain, vomiting, dehydration.
Advances in microscope techniques heve helfped to improve the fechniques (and therefore the success rate)
of IVF. 8pecialised micro-focls have been developed to use on the egps and sperm under the microscope.
They're slso used to remove single cells from the embryo for genetic festing (o check that it i= healthy —
sea page 74]. More recently, the development of time-lapse imaging (using 8 microscope anhd camera built
info the incubsetor) means that the growth of the embryos can be confinuously monitored fo help identify
those that are more likely fo result in a successhul pregnancy.

Some People Are Against IVF
1} The process of IVF often results in unused embryos that are eventually destroyed. Because of this,
gome pecple think it iz unethical because each embryo is a potendial human lHe.

2] The genetic testing of embryos before implantation also raises ethical iszues as some people think
it could lead to the selection of preferred characteristics, such az gender or aye colour.

Nothing funny here, sorry...
Fertility treatment can help to increase the chance of pregnancy. but it can be hard on those involved.
Ol What is the role of FSH and LH during IVF? [1 mark]

Q2  Giveone drawback to using hormones to increase fertility. [1 mark]
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Adrenaline and Thyroxine

You've met a lot of human hormones so far, but two more won't hurt.  Then that's #, | promise...

Adrenaline Prepares You for “Fight or Flight"
1) Adrenaling is & hormone released by the adrenal glands, which are just above fhe kidneys (see p.82).

2) Adrenaline is released in recponee to streschul or scary sfustions —
your brain detects fear or stress and sends nervous impulses to the
adrenal glands, which respond by secreting adrenaline.

3) 1 gets the body ready for ‘fight or flight' by triggering mechanisms
that increase the supply of ceypen and glucose to cells in fthe
brain and muscles. For example, adrenaline increases heard rafe.

Hormone Re_lease can be Affected h*y' Hegiltive Feedback _

Your body can control the levels of hormones {and other substances) in the blood using negative feedback
systems. When the body detects that the level of a substance hes gone above or below the normal level,
i trigpers a response to bring the level back to normal agein. Here's an example of just that:

. ']Il]i’.l‘ﬂ-!il‘lﬂ REE“IEIEE Metabolism | Ly R YR AR AR AR I LTI

1)

2)

3)

= Thyroone i made in the thyread gland =
Thuprosxine i a hormone released by the fhyroid pland, = from iodine and aming acids. =
which ig in the neck (see p.82). O

Thyroxine s rdmad in response to IMrp_q_d_ shrnuia-rmﬂ !mnnnne {T8H]}, ﬁ':k:l'i ia miusmd from
the pHuitary gland.

4) A nepafive feadhack susien keaps the amount of thyroxine in the blood af the right level —
when fhe level of thyroxine in the blood is higher thas normal, the secretion of T8H
from the pHuitary jahd iz inhibited (stopped). This reduces the amount of Hhyroxine released

blood thyrasine level

Negative feedback sucks, especially from your science teachez...

You can think about nepative feedback working like a thermostat — if the temperature gets too low, the thermostat
will tumn the heating on, then if the temperature gets too high, 1t°11 turn the heating off again.

Q1
Q2

Mame the gland that releases thyroxine. [1 mark]
Describe the response if the level of thyroxine im the blood gets too high. [3 marks]
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The first etep in underctanding gensfics is getling fo grips with DNA and genec.

Chromosomes Are Really Long Molecules of DNA

1) DNA stands for deoxyribonucleic acid. s the chemical
that all of the genetic material in 8 cell iz made up from.
2} | containg coded information — basically all the
instruciions to put an organism fogether and make i work.
3) Bo #'s whai's in your DNA that determines what inherHed charscteristics you have.
4} DNA is found in the hucleus of animal and plant cefls, in really long structures called chromosomes.
5) Chromosomes normally come in pairs.
8) DNA iz a polymer. H's made
up of two sirands cofled
together in the shape of
a double helix.

raschevss

B Gene Codes for a Specific Protein

1} A gene iz a small secfion of DNA found oh a chromosome.

2} Each gene codes for (tells the cells o make) & parficular sequence of amino scids which are
put together o make a specific profein,

3} Only 20 amino acids are used, but they make up thousends of different proteins.

4) Genes simply fell cells in what order o put the amino acids together.

5] DNA slso determines what proteins the eell produces, e.g. haemoglobin, kerafin.

B) That in turn determines what type of cell it ks, e.g. red blood cell, skin cell.

et

' Every Organism Has a Genome o

1} Genome i just the fancy ferm for the entire cof of genetic material ih an organizm.
2} SBeientiste have worked out the complete human genome.
3) Understanding the human gerome is a really important fool for science and medicine for many reasons.

1) It allows scientists to identify genes in the genome that are linked to different types of disease.
2} Knowing which genes are linked to ipherited diseases could help us to understand

them better and could help us io develop effective tresiments for them.
3) Beientists can look at genomes fo irace the migration of certain populations of people around

the world. All modern humans are descended from a common ancesfor who lived i Aftica,
but humans ean how be found all over the planet. The human genome iz mostly identicsl in all

individuals, but as different populations of people migrated sway from Afriea, they gradually
developed finy differsnces in their genomes. By investigating these differences, sclenfists can
work out when new populations split off in a different direction snd what roufe they fook.

Insert joke about genes and jeans here...

There are so many, [ thought you could come up with your own as a bit of light relief.
Make sure that you're clued up on this stuff about DMA, genes and proteins before you move on.

o What is a pene? [3 marks]
Q2 What is an organism’s genome? [1 mark]
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Reproduction

Ooo err, reproduction... Surely you knew i'd come up af some point. | can happen in fwo different ways...

Sexual Reproduction Produces Genetically Different Cells |

|
2)
3)

4)

5)

6)
7

Sevusl reproduction ks where genefic information from fwo organiems (a father and a mother)

is combined to produce offspring which are genedically different to either parent.

In sexual reproduction, the mother and father produce gametes

by melosks (see next page] — e.g. egg and sperm cells in animals.

In humane, each gamete containg 22 chromosomes — half the humber of chromosomes in

& normal cell. (Instead of having fwo of each chromozome, a pamete has just one of each.)

The egg (from the mother) and the spern eell (from the father) then fuse together (fertiication) to form
8 cell with the full number of chromosomes (half from the fether, half from the mother).

SEXUAL REPRODUCTION hﬂmhﬁﬂadnﬂmﬁfmﬂum
Bocauce there are TW0 parents, the offspring contain 8 mixiure nare

=
Fertilisation: w‘g@—)— —

Thiz ks why the offspring inherite features from both parents — W's received & mixiure of
chromosomes from #s mum and its dad (and H's the chromosomes that decide how you furmn outf).
This midure of genefic information produces variation in the offepring. Pretty cool, ch.

Howering plants can reproduce i thiz way oo, They slso heve egg cellz, but their vercion of sperm is
known as pollen. Hmm... I'm having second thoughts about frolicking in that meadow now.

Asexual Reproduction Produces Genetically Identical Cells

Ul
2)

3)

4)

In azexusl reproduction there's only one parend so the offspring are genetically identical to that parent.
Asexual reproduction happens by mitosis — an ordinary cell makes a new cell by

dividing in two (see page 15).

The new cell has exactly the same genefic information (i.e. genes) as the parent cell

— it's called a clone.

In AREXUAL REPRODUCTION there's only ONE parent. There's no fusion of gametes,
nin mixing of chromosomes and no genetic varkation befween parent and offspring.
The offspring are genefically identical fo the parent — they're clones.

Bactera, gome plants and
zome animals reproduce asexually.

You need to reproduce these facts in the exam..

The main messages on this pape are that: 1) sexual reproduction needs two parents and forms cells that are
penetically different to the parents, so there’s lots of genetic varation. And 2) asexual reproduction needs
Just one parent to make genetically identical cells, so there’s no genetic variation in the offspring.

Q1
Q2

What type of cell division is involved in asexual reproduction? [1 mark]
Sugpest why there is variation in the offspring of sexual reproduction. [2 marks]
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0

Now | bet you're wondering how gamefes end up with half the number of chromesomes of 8 normal eell...

Gametes Are Produced ]:rgr Meiosis
1) As you know from the previous page, gametes only have onhe copy of esch chromozsome, so that
when gamets fusion takes placs, wuwhmﬁwaﬂuh (two copies of each).
2} To make gametes which only have half the original nhumber of chromosomes, cells divide by meiosiz.
This process involves fwo cell divisions. In humans, # only happens in the reproductive orpans
{the ovaries in females and festes in males).

Meiosis Produces Cells With Half the Normal Number of Chromosomes

RAETRETNRRY

Before the cell starts fo divide, it duplicates Hs genetic % Ih:gcm':%
information, forming two armed chromosomes — one arm of - n =
- ostoredin =

each chromosome ks an sxact copy of the other arm. After - DNA_ =

replication, the chromosomes arrange themselves info pairs. = . e

PR NN T A

In the firet division in meiosie the chromosome
pairs line up in the centre of the cell.

The pairz are then pulled apart oo each hew cell only has
one copy of each chromosome. Some of the father's

chromosomes: (shown in blue) and some of the mother's
chromosomes (shown in red) go into each new cell.

In the second division, the chromosomes
line: up agsin in the centre of the cell.
The armz of the chromosomes are pulled apard.

You get four gametes, each with only a single set
ﬂﬂmhmﬂmhﬁ. Each of the gametes is

each gamete only gets hall of them, at random.

The Cell Produced by Gamete Fusion Replicates Itself

1) After two parstes have fused during ferfilisation, the resulfing hew cell T
divides by mitosiz to make a copy of Hoelf. = Therdsloadson =
2} Mitosis repeais many Himes to produce [of: of new cells in an embryo. = ..mfﬁ": page 15, =

3) Asthe amhrun dwatupn, ﬁ'lm nalla then start fo differendinle (see pngn 14)

Now that I have your undivided attention...

In humans, meiosis only oceurs in reproductive organs, for making sametes.

Ql Human body cells contain 46 chromosomes each. The graph on the
right shows how the mass of DMNA per cell changed as some cells
divided by meiosis in a human ovary. How many chromosomes
were present in each cell when they reached stage 67 [1 mark])
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X and Y Chromosomes

Now for & couple of very imporant lile chromozomes...

Your Chromosomes Control Whether You're Male or Female |

There are 23 pairs of chromosomes in every human body cell (page 15). OF these, 22 are matched pairs
of chromosomes that just control characteristics. The 28rd pair are labelled XY or XX. They're the two
chromosomes that decide your sex — whether you turn out male or female.

Males have an X and a Y chromosome: XY
The ¥ chromosome causes male characteristics.
Females have two X ch

The XX mdhmsfamah@ eristics fo develop.

When making sperm, the X and ¥ chromosomes are drawn

aparf in the firsf division in meiosis (see the previous page).
@__‘/ There's a 50% chance each sperm cell gefe an

X-chromosomes and a 50% chahee i gete a Y-chromooome.
@""\ A similar thing happens when making eggs. But the original
cell hag two X-chromosomes, o all the egpe have one
X-chromosome.

Genetic Diagrams Show the Possible Gamete Combinations |

1) Tofind the probability of getting a boy or & girl, you can draw a genetic diagram. \1"1"t;;ll;F‘I“II|__
2) Genetic diagrams are just models that are used 10 femals ® = -lﬁagran:.s ,i‘"f": =
show all the possible genetic pulcomes when you ® :‘;,,,ﬁ':"r'ﬂ square. -
cross fogether different penes or chromosomes. ['IIIF} LA TRLELEL A
8) Put the possible gametes (eggs or sperm) XX | QO™ make
from one parent down the side, and those gametes
from the other parent along the top. xy | v i {=peem)
4) Then in each middle square you fill in the letiers m{

from the top and side that line up with thai
= . The pairs of letters in the middle show of gameles...
H“:‘::adhlamb&mﬂumniﬂmw. ---haro males (XY} and hwo females ().

B) There are two XX results and fwo XY resulls, oo there's the same probability of getting a boy or & girl.

8) Don't forget that this 50:50 rafio is only a probability at each preghancy.

The other fype of genetic diagram looks a bH more

complicated, but if shows exactly the same thing.

1} At the top are the parents.

2} The middle circles show the possible gametes that are
formed. One gamete from the female combines with one
pamete from the male {during fertilisation).

3) The criss-cross lines show all the possible ways the X and Y

chromosomes could combine. The possibis combinations
of the offspring are shown in the boHom circles.

4] Remember, only one of these possibilifies would
actually happen for any one offspring.

Have you got the Y-factor...

Muost penetic diagrams you'll see in exams concentrate on a gene instead of a chromosome.
But the principle’s the same. Don't worry — there are loads of other examples on the following pages.

Q1 What combination of sex chromosomes do human females have? 11 mark]
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Genetic Diagrams

Genetic diagrame, eh. They're not as scary as they look — you just need fo preclize them...

Some Characteristics are Controlled by Single Genes

I
2)

8)
4)
5)
8)

7

8)

9)

What genes you inherit control what characteristics you develop.
D&Huggigmmnhddiﬁaﬁnidwmhﬂnﬂm mmummm“m—nmwhgamﬂggm
e.g. mouse fur colour and red-gree i

However, most tﬂi&nﬂlﬂﬂnﬂmmnmﬂmludbg wd penes interacting.

All geneg exist in different versions called alleles (which are represented by letters in genetic diagrame).
You have two versions (alleles) of svery gene in your body — one on each chromosome in a pair

{f an organksm has two alleles for a parficular gene thet are the same, then H's homonjgous for

that frait. If its fwo alleles for & particular gene are different, then #'s heterozypous.

If the two alleles are differend, only onhe can determine what characieristic iz present. The allele for
the charscterichie that's chown ie called the dominand allele (use & capial letter for dominant alleles —
e.g. 'C°). The other one iz called recessive (and you show these with small letters — o.g. 'e').

For an organism: fo display a recessive characferistic, boih ie alleles must be recescive (e.g. ec).

But to display a8 dominant characteristic the organiem can be either CC or Ce, becauze the

dominant allele overrules the recessive one if the plant/animal/other organism is heterozygous.

Your penctype iz the combination of alleles you have. Your alleles work at a molecular

level to determine what characteristics you have — your phenolype.

Genetic Diagrams Shuw the Pussihle .ll.lleles of fosprmg

Eqmyuu Mhm&gfmtwsﬂhw Tl'ndlnlnwtﬁcl'u uumhﬂmmm
superpowers i recescive ("b"), whilst pormal (boring) behaviour f2 due fo a dominant allele (“B").

n

A superpowered hamster must have the genofype bb. But a hormal hamefer could be BB or Bb. h-.";

2} Here's what happens if you breed from two homozygous hamsters: JI;Lrl'tlltl);l-llﬂlil'eulé;.“““““_I:,:,:ELL,“‘L
*"IJIIill|||“|.|||”“,“I““””““r
You can aleo show genetio -
oresas in 6 Punnet coguare.
k affspring's
@ o i genotype:
@ BL | Bb are showm in
Offspring’s phenotipes: Al the offspring are 1ormal (boring). fhe
3) W two of these offepring now breed, you'll get the next generation:
Parents’ phenotypes: Ryl Mokl
Parents’ genciypes:
‘-1"|illl!|||||r||,
c = But rernember — -
Mm E H,Erﬂl:.i]grm E
= onbebellyny =
] . = prodsabafti =
Offspring's genotypes: dﬂﬂwﬂrl&ﬁnﬂmﬁ:
Ospring's phenoiypes:  Normal  Normal  Mormal  Superpowered 1 ol ot
4) That's a 3:1 ratio of normal o superpowered offspring in this generation
{a lin 4 or 259 probability of superpowers).
Your meanotype determines how nice you are to your sibling...
You need to be able to preduce and interpret both of these types of genetic diagram for the exam.
Q1 Define genotype and phenotype. [2 marks]

Topic B8 — Inheritance, Variation and Evolution



i3

More Genetic Diagrams

You've got fo be able to predict and explain the outcomes of crosses between individuals for each possible
combination of dominant and recessive slieles of a gene. You should be able to drew 8 penetic diagram
and work it out — but if'll be easier if you've seen them all before. 8o here are a couple more examples
for you. You also need fo know how to interpret another fype of genefic diagram called a family free...

gy

All the Offspring are Normal = F"‘;d"minm on the i ;..,,,1';'; e
L E L + ey I h 3"“5 :-
Let's fake another look at the superpowered hamster example from page 72: ' ”'”””"lﬁ"l'&f’l'::ﬁ?f M'n 3
LAY I
I this eroes, & homozygous dominant hameter But,  you crossed a i
{BB) iz erocsed with a homo ug recesciva hamster (BB) with & heterozygous hamseter (Bb),

hamster (bb). Al the offspring are hormal (boring). you would also get all normal (boring) offspring.

To find out which # wes you'd have to breed the offspring together and see what kind of ratio you got
that time — then you'd have a good idea. If # was 3:1, it's likely that you originally had BB and bb.

There’'s a 1:1 Ratio in the Offspring

A cat with long hakr wes bred with another cat with short hale,
The long hair is caused by & dominant allele "H', and the short
hair by a recessive allele h'.

They had B kittens — 4 with long hair and 4 with short hair.
This iz a [:] ratio — i#'s what you'd expect when a parent with
only one domihant allsle (heterozygous — Hh) is crossed with a
parent with two recoscive alleles (homoazygous recessive — hh).

You Need to be Able to Interpret Family Trees

Knowing how inherifance works can help you to interpret
a farmily tree — this is one for custic fibrosis (p.74). '"'E"‘__ Mg Key

1} From the family free, you can tell that the allele for
eysfie fibrosie isn'f dominant because plendy of the
family carry the allele but don’t have the disorder. m

Mark

2) There is a 25% chance that the new baby will have ®_
the disorder and a 50% chance that it will be a e
carrier, as both of ife parents are carders but are 5
unaffected. The case of the nhew baby is just the Wil

same as in the genefic diagram on page 74 — so
the baby could be unaffected (FF), a carder (Ff} or have cyctic fibrosiz ().

It’s enough to make you go cross-eyed... E

In the exam, you might get a family tree showing the inheritance of a dominant allele — n this case,

there won't be any carriers shown. Mow, hare’s a fascinating practice question about peas...

0] Round peas are caused by the dominant allele, . The allele for wrinkly peas, r, is recessive.
Using a Punnett square, predict the ratio of plants with round peas to plants with wnnkly peas for
a cross between a heterozygous pea plant and a pea plant that is homozygous recessive.  [3 marks]
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Inherited Disorders

Bome disorders can be inherited from your parents. Many of theze can be screoned for in embryos.

Cystic Fibrosis is Caused by a Recessive Allele

Cystic fibrogis is a genetic disorder of the cell membranes. I resulls in the body

producing a lot of thick shicky mucus in the e passages and in the pancress.

1} The allele which causes cysfic fibrosiz is a recessive allele,
‘¥, carred by about 1 person in 2G.

2) Because i's recessive, people with only pne copy of the
aflele won't have the dizorder — they're known ag carrers,

3} For a child fo have the disorder, both parents must be
either carriers or have the disorder themselves.

4) As the diagram shows, there's a | in 4 chanee of a child
having the dicorder if both parents are carders.

umafected, but carrier umaffecked, buk carrier

Polydactyly is Caused by a Dominant Allele

Polydactyly is 8 genetic disorder where a baby's born with exira fingers or foes.
It doesn't usually couse any other problems so jsn'l IHe-fhreatening.
1} The dicorder is caused by a dotinant ellels, 'D', and so can

ba inhertted i just one porerd carvies the defective alice.
D) The parent thaet has the defective allele will hove

the condition too since the allele iz dominant.
3] As the genefic diagram shows, there's 8 507, chance of

a child having the dicorder if one parent has one D allele.

Embryos Can Be Screened for Genetic Disorders
1) During in vifro ferilisation (IVF), embryos are ferfilized in
laboratory, and then implanded into the mother's womb,
2) Before being implanted, i's possible to remove a cell from each embryo and analyse Hs genes.
3} Many genetic disorders can ba dedected in this way, such as cystic fibrosis.
4) We aleo possible to get DNA from an embryo in the womb and test that for disorders.
BE) There are lots of eifical, socisl and economic eoncerns surrounding embryo screening.
8] Embryonic sereening is quite coniroversial because of the decisions if can lead fo.
7} For embryos produced by IVE — affer screening, embryos with 'had’ alleles would be destroyed.
8] For embryos in the womb — screening could lead fo the decision to ferminate the pregnancy.
9) Here are some more arguments for and against scresning:
Against Embryonic Screening Eor Embryonic Screening
1) It implies that pecple with genefic problems are 1) 1t will help to stop people suffering.
‘undesirable’ — this could increase prejudice.  2) Treating disorders costs the Government

2} There may come a point where everyone wants (and the taxpayers) a lot of money.
fo screen fheir embryos so they can pick the  3) There are laws to stop i going foo far.
most 'desirable’ one, e.g. they want a At the moment parents cannot even select
blue-eyed, blond-haired, intelligent boy. the sex of their baby (unless i's for health
3) Bereening is expenshie. reasohs).

Embryo screening — it’s a tricky one...
Try writing a balanced arpument for and apainst embryo screening — it's good practice,
Q1 Why won't someons heteroeygous for the cystic fibrosis allele have the disorder? [3 marks]
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You'll probably have noticed that not all people are idenfical. There are reasons for this.

Organisms of the Same Species Have Differences

1)
2)

3)
4)

5}
8)

N

Differant species look... well... different — my dog definitely doesn't look like a daisy.

But even organisme of the same species will usually look af least slightly different — e.g. in a room
full of people you'll see different colour hair, iIndividusally shaped noses, a vadety of heights, efe.

These differences are called the variation within a species. Varafion can be huge within a population.
Variation can be genetic — this means it's caused by differences in genofype. Genotype is all of

the genes and alleles that an organism has. An organism's genofype affects is phenotype — the
characteristics that it di B.

An organiem’s genes are jnhedied (passed down) from Hs parents (zee page 69).

It's hot only genotype that can affect an organism's phenofype though — interactions with Hs
arvironment {conditions in which it lives) can also influence phenotype. For example, a plant grown on a
nice sunny windowsill could grow luscious and green. The same plant grown in darkness would grow fall
and spindly and its leaves would furn yellow — these are environmendal variations.

Maost variation in phenctype iz determined by a mixture of penedic and srwironmental factors.

For example, the maximum height thet an animsl or plant could grow fo iz defermined by He gones.
But whether # actually grows that fall deperds on s environment (e.g. how much food it gets).

Mutations are Changes to the Genome

N

Deeaslonaily, a gene may mutate. A mutation is & rare, random chenge in an

organiem’s DNA that can be inherifed. Mulatiore oeeur condinuoushy. ST
2} Mutations mean that the gene iz altered, which produces a genetic vadani = '::‘:"“ lsee page 77) —
(a different form of the gena). R oo
3) As the gene codes for the sequence of aming acids that make up a protein,
gene mifstions sometimes lead to changes in the protein that # codes for.
4) Most genstic vardants have very litfle or no affect on the profein the gene codes for.
Dome will change # to such a small extent that Hs funchion ke unaffected.
Thiz means that most mutations have no effect on an organism's phenofupe.
5] Bome vadants have 8 small influence on the organiem’s phenotupe —
they alter the individusl's characterisfics but only slightly. For example: Well, | sipase
j s dime
Bome characteristics, e.g. eye colour, are controlled by more F5 ] came pew jear
than one gene. A mutation in one of the genes may change i '.']
the 2ue colour a bit, but the difference might not be huge. UI 'U
8) Very cecasionally, variants can have such a dramatic effect that they defermine phenotype. For example:
The genetic disorder, cysfic fibrosis, e caused by a mutation that has a huge affect
oh phenoiupe. The gene codes for a prodein thet controls the movement of calt
and water info and out of cells. However, the protein produced by the mutafed
gene doesn't work properly. This leads fo excess mucus produciion in the lungs
and digestive sysfem, which can make H difficult fo breathe and to digest food.
7} W the ervironment changes, and the new phenotype makes an individual more suled to the new

anvironment, it cah bacome common throughout the species relatively guickly by netural selechon
— goe the next page.

My mum’s got no trousers — cos I've got her jeans...
So you can’t blame all of your faults on your parents — the environment usually plays a role too.

Ql

Explain what is meant by emvironmental variation. [2 marks]
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Only the Fittest Survive ,
Cherles Darwin came up with a really imporfant theory about evolution, called svolution by netursl selection.

J
2)
3)
a)

5)

THEORY OF EVOLUTION: All of foday's species have evolved from simple
life forms that first starfed to develop over three billion years ago. -

Charles
Crarwin

Darwin knew that organisme in a species show wide varation in their characteristies (phe ic
varation). He aleo knew that organisms have to compete for limited resources in an ecosystem.
He concluded that the organioms with the most cuitable characterstics for the ervironment would be more
successful competitors and would be more likely to survive. This idea is called fhe "survival of the fitiesi’.

The successful organiems thet survive are more likely to reproduce and pass on the genes for the
characteristics that made them successful to their offspring.

The organisme that are less well sdapted would be less lkely fo survive and reproduce,

g0 they are less likely to pass on their genes to the next generation.

Over fime, baneficial chersctericfice bocome more comimon in the population and the species changos
— it avolves.

' New Discoveries Have Helped to Develop the Theory

1) Darwin's fheory wasn't perfect. Because the relevant sclenfific knowledge wasn't avaliebie ot the
time, he couldn't give a good explanation for why new characterisfics appeared or exacty how
individual organisme pessed on beneficial adaptations to their offepring.

2} However, the discovery of genetice supporfed Darwin's idea — i provided an explanafion of how
organiems born with beheficial characteristics can pass them on (Le. via their gehes) and showed that
it iz penetic varishis (soe page 75) that give dee o phenotupes thet are suited to the envirchment.
Other evidence was also found by looking at fossils of different ages (the fossil record) — this allows
you to see how changes in organisms developed slowly over time. The relatively recent discovery of
how bacieriz are able o evolve to become resisiant o endibiofics also further supports evolution by

natural selection. The theory of evolution by netural selection iz how widely sccepted.

The Development of a New Species is Called Speciatiun _
1} Ower along period of fime, the phenotype of organisms can change co much because

of natural selection that & completely new species is formed. This is ealled speciation.

2} Speciafion happens when populafions of the same species change enough o become

reproductively isolated — this means that they can't inferbresd to produee fertile offspring.

Extinction is When No Individuals of a Species Remain

The foscil record containg many species that don®t exict sny more — these species are said to be extinc.

Opacies become extinct for these reasons:
1) The snvironment changes foo quickly (e.g. destruction of habitat). Dados are now extinct. Humans

2} A new predator kille them all (e.g. humans huntfing them).

not only hunted them, but
introduced other animals which ate

3) A new disesse kills them all. all their eggs, and we destroyed
4} They can'¥ compete with ancther (new) species for food. the forest where they [ved — they
B} A cafastrophic evend happens that kills them all really didn't stand a chance..

“Natural selection” — sounds like vegan chocolates...
Matural selection’s all about the organisms with the best characteristics surviving to pass on their genes.

Q1

(e.g. a voleanie erupltion or a collision with an astercid).

The sugary nectar in some orchid flowers iz found at the end of a long tube behind the flower.
There are moth species with long tongues that can reach the nectar.
Explain how natural selection could have led to the moths developing long tongues. [4 marks)
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Selective Breeding

"elective breeding' sounds like it has the potential to be a tricky topic, but it's actually dead simple.
You take the besi plants or animals and breed them together fo get the best possible offspring. That's H.

Selective Breeding is Very Simple

Lolective breeding = when humang arifficialiy select the plants or animals that are
poing to breed so that the genes for parficular characteristics remain in the population.
Organisme are selechively bred fo develop features that are seful or stiractive,
for example:

= Animals thaf produce more meat or milk,

*  Crops with disease resistance.
+  Dogs with-s good, pentle tempersment.
*  Decorafive plante with big or urususl fowers,

1} From your exizting siock, select the ones which have the characierslics uuu'rn after.

2} Bresd thes with each ofher.

ALARIRNTRENT AR,

3) Belect the besi of the offspring, and breed them fogether. Z i"ﬂ“h:':’"s =
4) Continue this process over seversl penerations, and the desirable trait gets = Setihiid sttt =

shronger and sfronger. Eventually, ol the offspring will have the characterisfic. LTI T A

In agriculture {farming}, selective breeding can be used fo improve yields. E.g. fo improve
meat yields, a farmer could breed fogether the cows and bulls with the best characteristics
for producing meat, e.g. large size. After doing this for several generafions the farmer
would get cows with a very high meat yield.

5} Selective breeding is nothing new — people have been doing # for thousands of years.

If's how we ended up with edible crops from wild planiz and how we got domesticated
primels like cows and dogs.

The Main Drawback is a Reduction in the Gene Pool i

1} The main problem with selective breeding s that it reduces the gone pool — the number of differand
gligles (forms of a gena) ih 8 population. This iz because the farmer keeps breeding from the "best"
animals or plante — which are all closely related. This is known as inbreading.

2} Inbreeding can cause health problems because there's more chance of the organiems inheriting
harmdul genefic defects when the gene pool is limited. Some dog breeds are particularly suscepfible fo
certain defects because of inbreeding — e.g. pugs often have breathing problems.

3) There can also be serfous problems i 8 new disease appesrs, because there's not much varation in the

population. All the stock are closely related to each other, so if one of them is going o be killed by a
new disease, the others are alzo likely fo succumb to M.

Reduction in

Less chance of any

Boloctive the number of

Breeding difforent alldes 2> _resistant alleles being
(# e ) prezant ih the population

Iuse the same genes all the time too — they flatter my hips... ﬂ

Different breeds of dog came from selective breeding. For example, somebody thought “1 really like this
small, yappy wolf — I'll breed it with this other one’. After thousands of generations, we got poodles.

Q1 Explain how you could selectively breed for floppy ears in rabbits. [4 marks]
()2 What potential issues can selective breeding cause? [3 marks]
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Genetic Engineering

Genelic engineering iz an interesting area of science with exciing possibilifies, but there might be dangers foo...

Genetic Engineering Transfers Genes Between Organisms

The basic idea of genetic engineering is fo fransfer a gene responsible for a desirable characteristic from

ohe organism’s genome info anhother organiom, so that it alse has the desired characieristic.

1) A useful gene iz izolated (cut) from one organiem’s genome using enzumes and i inserfed info a vecior.

2} The vector is usually a virus or 8 bacterisl plasmid (& faney piece of circular DNA found in bacterial cells),
depending on the fype of organism that the gene is being francferred tfo.

3) When the vector is infroduced to the target organism, the useful gens s insertfed into is cell(s).

4) SBcientists uze this method to do all soris of things. For example:

1) Bacferia have been genetically modified to produce
human insulin that can be used fo freat diabeles.

2) Genatically modified (GM) crops have had their genes modified, e.g. o
improve the size and qualify of their frul, or make them resistant to
dizseasze, insecis and herbicides {chemicals used to kill weeds).

3} GChesp hava been genetically engineared to produce substances,
like drugs, in their milk that can be used to freat human diseases.

4] Bcentfists are researching geretic modification treatmends for inhertted disenses caused by faulty
genes, e.g. by inserting working genes into people with the disease. This is called gene therapy.

B) In some cases, the transfer of the gene iz carried out when the organism receiving the gene iz at an

early siage of development (e.g. egg or embryo). This means that the organism develops with the
characteristic coded for by the gena.

Genetic Engineering is a Controversial Topic ]

1) Genetic engineering is an exciting area of science, which has the pofendial for sohving many
of our problems (e.g. treating diseases, more efficient food production ete.), but nof everyone
thinksz it's a great idea.

2} There are worries about the long-term effects of genetic engineering — that changing an organism's
genes might accidendally create unplanned problems, which eould get passed on to future generafions.

There Are Pros and Cons of GM Crops
1) Bome people say that growing GM crops will affect the number of wild flowers (and 2o the

- b B

2} Not everyonhe iz comviheed that GM crope are sofe and some people are concerned that we
might not fully understand the effects of eating them on human heslth. E.g. people are worried
they may develop sllergies to the food — although there's probably no more risk for this than for
eating usual foods.

8) A big concem is that frarsplanied genes may get out info fhe nstural environment. For example,
the herbicide reslstance gene may be picked up by weeds, creafing a new "superwesd” variety.
4} On the plus side, the characterstics chosen for GM crops can incresss the yield, making more food.

5) People living in developing nations offen lack nufrienis in their diets. GM crops could

bie enginesred fo contain the nutrtent that's missing. For example, ‘golden rice’ is a
GM rice crop that containe bela-carotene — lack of this substiance causes blindness.

6) GM crops are already being grown in some places, offen withoui any problemes.

If only there was a gene to make revision easier...
Make sure you've got everything on this page firmly in your noggin. You need to understand the lot.
Q1 Outline one benafit and one concern about GM crops. [2 marks]
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Fossils are great. If they're well-preserved, you can see what cldy-worldy crestures looked lke.
They slso show how living things have svolved. Although we're not sure how life started in the first place...

Fossils are the Bemains of Plants and Animals

Fosgils are the remains of organtsme from many thousands of years ago, which are found in rocks.
They provide the evidence that organisme lived ages ago. Fossils can tell us a lot about how much or

how litHe organisme have changed {evolved) over fime. Foscils form in rocks in ohe of three ways:

| 1) FROM GRADUAL REPLACEMENT BY MINERALS | (Most fossile happen this way.)

1} Things like feeth, ﬂd;,_mm..mmHﬂu.mlmnwmmnw
2] They're eventually replaced by minerals as they decay,
forming a rock.like substance shaped like the original hard part. [ 8 =
3) The surrounding sediments also furn to rock, but the fossil stays E‘m“l
distinei inside the rock and everdually someone digs i up. o e O

[ 2) FROM CASTS AND IMPRESSIONS |
1} Sometimes, fossils sre formed when an organism is bured in a soff matedal like clay.
The clay later hardens around if and the organism decays, leaving a cast of Heelf.
An animal's burrow or a plant's roots (rooflet fraces) can be preserved as casts.
2) Things like footprints can also be pressed into these materials when soft, leaving an
impression when it hardens.

1} I gmber [n dnﬂ- unlbmlr "stone’ made from fossilised resing and far piis —
there's ho omypen or moisture so decay microbes can't survive,
2) In glaciers it's oo cold for the decay microbos to work.

3) Pest bops see too peidic Tor decay microbes.
(A fully preserved man they named "Pete Marsh® was found in a bog. )

But No One Knows How Life Began

Foseils show how much or how lifle different organisms have changed (evolved) as life has developed on
Earth over milliohs of years. But where did the first living thing come from...

1} There are various hupotheses suggesting how life first came into being, buf no one really knows.

2) Maybe the first lfe forms came info existence ih a primordial swamp (or under the sea) here on Earth.
Maybe simple organic molecules were brought fo Earth on comets — these could have then become
mare complex organic moleeules, and eventually very simple life forms.

3} These hypotheses can't be supporfed or disproved because there's a lack of good, valid evidence:

*  Many early forms of life were soft-bodied, and soft fissue tends to
decay away completely — so the fossil record s complefe.
*  Fossils thet did form millions of years ago may have been

destroyed by peclogicel activity, e.g. the movement of tectonic
plates may have crushed fossils slready formed in the rock.

Don’t get bogged down by all this information...

It%s a bit mind-boggling really how fossils can still exist even millions of years after the organism died.
They really are fascinating things, and scientists have learned a whole lot from studying them in detail.

Q1 Suggest what makes low-oxygen environments suitable for the formation of fossils. [2 marks]
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Antibiotic-Resistant Bacteria

The discovery of anfibiofics, like penicillin, was a huge benefit fo medicine — suddenly bacterial inl'unﬁunn
that had often been fatel could be cured. But unfortunately they might nof be a permanent soluficn.

Bacteria can Evelve and Become Antibiotic-Resistant

1) Like all organisms, bacteria sometimes develop random mutations {changes) in their DNA.
These can lead to changes ih the bacteria’s characterictics, e.g. being less affected
by a particular antibiotic. This can lead fo andibioticresisiant srains forming as 'ttt

tiow a1 =

the pene for anfibiotic resistance becomes more common in the population. = rﬁ?:t._-::m b,::ﬁw -

2) To make matfers worse, because bacteria are so 5 mmmhh =
rapid at reproducing, they can evolve quite quickly. ?:n#wd-;d:;tmm:;:_'

3) For the bacterium, the abiliy to resist antibiotics is a big advantfage. = page 76 for wore. -

It's better able to survive, even in a host who's being freated fo get rid of U

the infection, and so i lives for longer and reproduces many more fimes.
This iner g the population size of the endiblofic-resistant strain.

+  Antibiofie-resictand straine are a problem for people who become infecied with these bacteris because
they aren't immune 1o the new strain and there iz no effoctive treafment. This meansz that the infecton
eagly spreads between people. Sometimes drug companies can come up with a pew antiblotic that's
effective, but "'superbugs’ that are resiciant fo most known antibiofics are becoming more common.

= MRESA iz a relatively common "superbug' that's really hard to get rid of.

It often affects people in fiospHals and can be {atal H if enters their bloodsfream.

Antibiotic Resistance is Becoming More Commeon

1) For the last few decades, we've been able to deal with bacterial infections pretty easily using
antibiotics. The death rate from infectious bacteral diseases (e.g. pneumonia) has fallen dramatically.

2) But the problem of antibiofic resistance is getting worse — partly because ansine
of the overuse and inappropriate use of anfibiotics, e.g. doctors prescribing e W”“"'f::g 2
'. LS =

L condifions or infectfons caused by viruses. T
3) 'I'I’-anmuﬁm anﬂbinﬁmmunnd the bigper the problem of anfibiotic recictance becomes,
go iH's important that doctors only prescribe anfibiotice when they really need to: -

I¥'s not that anfibiotics actuslly cause resistance — they creafe a situation where
naturally resistant bacteria have an advantage and so increase in humbers.

4} ¥z also imporfant that you fake all fhe antibiofics a doctor preseribes for you:

Taking the full course makes sure that all the bacteria are deshroyed, which means
that there are none left to mutete and develop into antibiofic-resistant strains.

5) In farming, anfiblotice can be given fo animals to prevent them becoming ill and to make them
grow faster. This can lead to the development of anfibiotic-resisfant bacteria in the animals which
can then spread o humans, e.g. during meat preparafion and consumption. Increasing concern
about the overuse of antibiofies in agrculture has led fo some countries restricting their use.

8) The ihcrease in antibiofic resistance has encouraged drug companies fo work on developing new
antibiotice that are effective against the resistant strains. Unfortunately, the rate of development
iz glow, which meane we're unlikely fo be able fo keep up with the demand for new drugs as more
antibiofic-resistant sfraine develop and spread. I's also a very costly process.

Raargh, a giant earwig! Run from the attack of the superbug...

The reality of ‘superbugs® is even scarier than piant earwigs. Microorganisms that are resistant to all our drugs are
a worrying thought. 1t'1l be like going back in time to before antibiotics were invented.

Q1 Suppest a situation where antibiotics could be prescribed inappropriately. [1 mark]

2 Explain why it's important that people take the full course of antibiotics they are prescribed. [2 marks]
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Classification

It seams fo be a basic human urge fo want to classify fhings — that's the case in biclogy angway...

' Classification is Organising Living Organisms into Groups |

1) Traditionally, crganisme have been classified sccording fo a system K
first proposed in the 1700s by Cad Linhaeus, which groups living things bgsbo
sccording to their characteristics and the siruciures that make them up. Phylurm
2] In this system (known as the Linnsean system), living things Class
are feat alod bl Migcloers (6.g, o plat Kirgdom).. || TN [ Gide
3} The kingdoms are then subdivided into smaller and smaller Family
proups — phylum, class, order, family, genus, species. —

Classification Systems Change Over Time i

1} As knowledge of the bicchemical processes taking place inside organisms developed and microscopes
improved (which allowed us to find out more about the infernal structures of organisms), scienfisfe put
forward new models of classification.

2) In 1990, Carl Woese proposed the three-domain system. Using evidence gathered from new chemical

i such as RNA sequence snalysis, he found that in some cases, species thought to be
clozely related in fraditional classification sysfems are in fact ot as closely relafed as first thought.

3} In the three-domain system, organisms are first of all split info three large groups called domains:
1) ARCHAEA — Organisms in this domain sre pimitive bacteria.  They're often found i
extreme places such as hot springs and salf lakes.

2) BACTERIA — Thie domain containg true bacteria like E. coli and Saphylocorcus. Although
they often look similar fo Archaes, there are lots of biochemical differences between them.

3) EUKARYDTA — This domain includes a brosd renge of organioms including fungi (page 43),
plants, ankmals and protists (page 43).
4] These are then subdivided into smaller groupe — kingdom, phylum, class, order, family, genus, species.

Organisms Are Named According to the Binomial System

1} In the binomial system, every organism iz given Hs own fwo-part Lafin hame.

2] The fiect part refers fo the gerus that the organism belongs to. This gives you
information on the organism's ancesiry. The second part refers o the species.
E.g. humans are known as Homo sapfens. 'Homo' is the genus and 'sapiens’ is the species.

3} The binomkal system is used worldwide and means that sclentfists in different coundries or who speak
different languages all refer fo a parficular species by the same nome — avolding potential confusion.

Evolutionary Trees Show Evolutionary Relationships T
1) Evolutionary trees show how scientists think different species are related to each other. /‘""""’
2 They show common ancectors and relationships betweeon species. receant

The more recent the common ancestor, the more closely related A

the two species — and the more characteristics they're likely fo share.

3] Scentists analyse lots of different fypes of data fo work out evolutionary
relationships. For living organisms, they use the current classification data Whale  Diclghin  Shark
{e.g. DNA analysis and structural similarities). For exfinct species, ﬁfﬂﬂmﬁm
they use information from the fossil record (see page 76). gty doer el

Binomial system — uh oh, sounds like maths...

Sometimes, the genus in a binomial name is abbreviated to a capital latter with a full stop after it.
1 The evolutionary tree on the right shows the relationship between four species, A-D. % 5..

Which two species shown in the tree are the most closely related? [1 mark]
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Revision Questions for Topics BS & B6

You've finished Topics BE and BE — Hoorah. Now have a go at these questions... /! 11111118 1HLLILEi LT,

For even more Flral:ﬁu. l.rr the

+  Try these questions and fick off sach one when you gat it right. : Reetrieval Chuirres for Tops B5 é
pu | MdBﬁ"-ﬂ ﬂﬂﬂ'ﬂ md!-:
+  When you're completely happy wih a sub-topie, Hick # off. -z,r”“,‘””llﬁmnnﬁf‘mI:'nx

Homeostasis and the Nervous System (p.58-61) [ |
1) Explain how negative feedback helps to maintain a stable internal environment.
2} What makes up the cenfral nervous system and what does H do?

3} What is a synapse?
4) What ig the purpose of a reflex action?

Hormones in Humans (p.62-67) [ |

5) Give two differences between nervous and hormonal responses.

6) What effect does the hormone glucagon have on blood glucoze level?

7} Deseribe two effacts of FBH on the body.

8} Which of the following iz a hormonal contraceptive — condom, plastic IUD or diaphragm?
89} Briefly describe how IVF is carried out.

10) How does adrenaline prepare the body for "fight or flight'?

DNA, Genes, Reproduction and Meiosis (p.68-10) D

1t} What is meant by "double helix"?

12) What do genes code for?

12) What iz the name for the enfire set of genetic matedal in an organism?
142) Name the male and female gametes of animals.

15) State the type of cell division used fo make gametes in humans.

Sex Chromosomes, Genefic Diagrams and Inherited Disorders (p.11-14) D
18) What iz the probability that offepring will have the XX combination of sex chromozsomes?

17) What are alleles?

18) What does it mean if someone is heterozygous for a gena?

19) What iz the chance of a child being born with polydactyly if one
parent has a single dominant allele for the gene that controls H?

20) Give two arguments for and twoe arguments againet screening embryos for genetic disorders.

Variation and Evolution (p.75-76) | |
21) What is varation?
22) Explain how beneficial charactericlics can become more common in 8 population over fime.

Selective Breeding and Genetic Engineering (p.71-18) [:|

23) How might farmers use selective breading?

24) What is genetic engineering?

Fossils, Antibiotic-Resistant Bacteria and Classification (p.79-81) D
25) Give two ways that fossilz can be formed.

28) What leads to the formation of anfibiotic-resisfant straine of bacteria?

27) Name the groups thaf organisms are classified into in the Linnaean system.

28} Who proposed the "three-domain system' of cacsification in 19907

OO0 00 00 00 000 00000 000oo0od 0ood
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Competition

Ecology s all about orpenisins and the envronment they live i, and how the two interact, Simples.

First Learn Some Words to Help You Understand Ecology...

Thiz topic will make a lot more sense if you become familiar with these ferms first:

1) Habifat — the place where an organism [ives.

2} Population — all the organisms of one species living ih a habitat.

3) Community — the populations of different species living in a habitaf.

4} Abiofic factors — npon-living factors of the environment, e.g. temperature.

5) Biotic factors — living factors of the environment, e.g. food. :

6) Ecosystem — the inferaction of & community of living organisme a2
(biotic) with the non-living (abiotic) parts of their ervironment.

AELR gy
= Theve's mmare

= Abintic and Biotic Gt
ot the nexp -
FEVRR i a0

|r11|r,l;’
abaut

Organisms Compete for Resources to Survive

Organizme need things from fheir ervironment and from other organisms in order to survive and reproduce:
1) Planis need light and space, as well as water and mineral ions (nuirients) from the soil.
2) Animals need space {territory), food. water and mates.

Organisme competa with ofher species (and members of their own species) for the same resources.

Any Change in Any Environment can Have Knock-on Effects

I a communily, each species depends on other species for
things such as food, shelter, pollination and seed dispersal
— this is called interdependence.

The inferdependence of all the lving things in an scosystem
means thet any major change in the ecosystem (such as
ohe species being removed) can have far-reaching effects.
The diagram on the right shows part of a food web

{a diagram of what eafs what) from a siream.

Stonefly lervae are particulary sensiive to pollution.
Suppose poflution killed them in this stream. The: table
below shows some of the effecis this might have on some
of the other organisms in the food wab.

ppabpnEreiniii,
Organism Effect of loss of stonefly larvae Effact on populafion | Rememier i
Blackfly Less competition for algse Increase fﬁ;ﬂeﬁ.mé
larvan Moz likely fo be saten by predators Decresse SR T
Wter epider Lees food Dectease = rﬁﬁf‘,‘f‘,”ﬂﬁ;.ﬁ:
Shicklebeck | Lese food [if water epider or mayfly leevae numbers decreaca) Decrasza st

In some communiies, all the species and envirohmental factors are in balance so that the
population sizes are roughly constant (they may go up and down in cycles — see p.BB6). These are
called gfable cormunities. Sfable communities include fropical rainforests and ancient oak woodiands.

I'm dependent on the cocoa tree...

If myy source of chocolate was removed, it would have far-reaching effects on my revision and grades. E

Seriously though, make sure you know what organisms compete for in an ecosystem. Then try these..

Q1 Give three things plants compete for in an ecosystem. [3 marks]

Qz Using the food web above, suggest what might happen to
the frog population if the stickleback population decreased.

[2 marks]
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Abiotic and Biotic Factors

The erwironment in which organiems live changes all the fime. The things that change are either
abiofic (ron-living) or biclic (Iving) factors. These can have a big effect on a community...

Abiotic Factors Can Vary in an Ecosystem...
Abiotic factors are hon-living faciors. For example:

1) Muoisture level B) Wind infensity and direction
2} Light infend H 8) [hygen level {for aguatic animals)
8) Jemperatu 7} Eoil pH and mineral content

4} Carbon dimﬁdae level (for plants)

A change in the environment could be an [ncrease or decrease in an abiotic factor, e.g. an iherease in
temperatura. These changes can affect the size of populations in 8 community. This means they can
also affect the populstion sizes of other organisms thet depend on them (see previous page).

For example, a decrease in light AL gy,
infensity, femperature or level of mm“m“*“ =" rinals depend o 1%
sarbon dimdde could decrange the  iNEMSLGOnfent (e.g. = plants for food, 505
SRR osunthesis in 8 plant a lack of nitrates) could cause = decreasein g plant. =
afs of pholosydheeie nudrient deficiencies.  This could = populalion coudd affet —
speries (goe p.B0). Thiz could e g T = the anital species in 5 =
affect plant prowih and cause a 'dwmﬂwhﬂm ooklation alis; E TN iyl R

decreass in the populaficn size.

. ...and So Can Biotic Factors

Biotic factors are living factors. Hﬂam;mmplm:
1) HMew predaioes arriving 3) MNew pathogers
2} Competition — one species may outcompete 4) Availability of food

another so that humbers are too low fo breed
A change in the environment could be the introduction of a hew biotic factor, e.g. a new predefor or
pathogen. These changes can also affect the size of populafions in 8 commundiy, which can have
knock-on effects because of inferdependence (see previous page).

For example, a hew predator could The following graph shows the effect of a new paihoges on

cause 8 decrease inthe prey Species A, The population size of species A was increasing
population. There's more about up until 1985, when it
predator-prey populations on p.B6. docreacod rapidly undl
1990 — suggesting £ <
For example, red and grey souirrels  fht 1965 was the 5 &
live in the same habifat and eat year that the new i
the same food. Grey squirrels pathogen arrved. 55

£

oufcompete the red Ao The population started T T T T T >
Hquhl-nln -—-nrm mﬂ'ﬂm G & {I 10 rice again affer 1990. 1960 19700 1980 1990 2000 2010
population a5

squirrels is decreacing.

Exams — a type of abiotic factor affecting my environment...

So, two lists of factors that would be a good idea to learn. 1 reckon this is a prime time for shutting the book,
scribbling them all down and then checking how you did. It's the only way they’ll get firmly wedged in your brain.

o Give four examples of abiotic factors that could affect a plant species. [4 marks]

32 Cutthroat trout are present in lakes in Yellowstona Mational Park: In the last few decades, lake trout
have been introduced to the lakes. However, lake trout have emerged as predators of the cutthroat trout.
Give two other biotic factors that could affect the size of the cutthroat trout population. [2 marks]
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Adaptations

Life exists in s0 many different envirohmenis because the organisme that live in them have adapted to them.

.E.daptatinns Allow Organisms to Survive

Organismas, including microorganizms, are sdapled mlmmdﬂm etwironmenfal condiions.
ﬁufﬂﬂmmmmﬂﬂmﬂmiﬂdﬂﬁhmmﬂmw A.duphﬂummha:

1) Structural
These are features of an organism’s body struciure — euch as shape or colour. For example:

Arctic animals ke the Ankmalz that live in cold places Animals that live in ol places
Arctic fox have white fur so {like whales) heve a thick layar (ke comels) have a thin layer
they're camoufiaged against of bubber (fat) and a low of fat and a

the show. This helps surface area to volume ratio lerge aurfoce

them avoid - io hdp them ares o volume

predators A retain heat. ratic to help

and sneak up 3 . ‘! them [ose heat,

Dh predy.

' 2) Behavioural

These are ways that organiems behave. Many species (e.g. swallows) migrate
to warmer climates during the winter fo svoid the probleme of living in cold condiffons.

3) Functional |

These are things that go on inside an organiem’s tody that can be related to processes lke
reproduction and mefabolism (all the chemical reactions happening in the body). For example:

Desert animals conserve Brown bears hibernate over winter.
water by producing very litile They lower their mefabolism which
sweat and gmall amounts of gonserves energy. so they don’t have ;
concentrated urine. to hunt when there's hot much food about.

Microorganisms Have a Huge Variety of Adaptations...
...50 that they can lve in a wide range of environments:

Bome microorganisirs (e.g. bacteria) are known as extremophiles — they're adapied
to live ih very exireme condiions. For axample, some can live at high temperahores
(e.g. in super hot voleanic vents), and others can live in places with a hiph sali
concentration (e.g. very salhy lakes) or et high pressure (e.g. deep sea vents).

In a nutshell, it’s horses for courses...

In the exam. you might have to say how an organism is adapted to its environment. Look at its characteristics

{e.g. colour/shape) as well as the conditions it has to cope with (2.g. predation/temperature) and you'll be sorted.

Q1 The diagram on the right shows a penguin. Penguins live in the cold, icy
environment of the Antarctic. They swim in the sea to hunt for fish to eat.
Some penguins also huddle together in large proups to keep warm.

a} What type of adaptation is being described

when penguins ‘huddle together'? [1 meark]
b} Explain one structural adaptation

a penguin has to its environment. |2 marks]
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Food Chains

If you like food, and you like chaing, then food chaing might just blow your mind. Strap yourself in
and prepare for some "edge of your seat’ learning, because the show is sbout to begin...

Food Chains Show What’s Eaten by What in an Ecosystem

1} Food chains shways start with a producer.
Producers make (produca) thelr own food using energy from the Sun.
2) Producers are usually green plants or slgas — they make glucose by photosynihesis (see page 50).
3) When a green planf produces glucose, some of i ks used to make other biclogical molecules in the plant.
4} These biclogical molecules are the plant's blomass — the mass of living material.

5) Bromass cen be thought of as energy sfored in 8 plant.
8) Energy is fransforred through lving organisms in an ecosystem when organicsme eat other organiame.

T} Mum“mﬂhbﬁw- mﬂmm R TR AT Iy
are then eaten by secondary consumers and secondary consumers Consumers are arganisns - i

are eaten by terfiary consumers. Here's an example of a food chain: that eat other prganisms
W mears st s
= PrEmary consuners are the
Secondary conmumer T et cnsumirs in o fupd
= chain. Secondary corvumerns
are second and tertiary
cofsumers are third,

T e

LELELLg

Producers

FELVRLdE e raning v

ARl

mmm feed... ﬂgrd:tﬁs ud'lll!hfmd..]int.

Populations of Pre'sr and Predatnrs Go in Cycles

EmmumihaihuMnndklllnﬂmrm—hdnmndhdg ators, and their prey are what they eat.
In & stable community containing prey and predators (as most of them do of eourse): @ gy,
-: For Frarg .:b:;lul_; stable _.

1) The population of any species iz usually imited by the amount of food avallable. = community see page B3
2) If the population of the prey increases, then so will the population of the predators. ™' 11 G =
3) However as the population of predators increases, the number of prey will decrease. .,_,_&ﬁ“

A pesk In rebbil nombient 1o Ve b

Followssd by 5 posk in fones E.g. More grass means more rabbits.
Muore rabbits means more foxes.

But more foxes means fewer rabbits. afles
Eventually fewer rabbits will mean fewer foxes again.
Foxes Thig up and down pattern continues...

r-rrerrrrrer’rrrrrrereeTT2

4} Predator-prey cycles are always out of phase with each other. Thiz iz because # fakes o while for ohe
population fo respond to changes in the other population. E.g. when the number of rabbits goes up, the
number of foxes doezn't increase immediately because i takes fime for them to reproduce.

When the TV volume goes up... my revision goes down...
You might think that the start of a food chain always has to be a plant. In most cases it is, but sometimes
organisms like algae can be too because they photosynthesise. No wonder algae always looks smug._ .
(8]} Look at the following food chain for a particular area:  grass — grasshopper —» rat - snake
a) Mame the producer in the food chain. [1 mark]

b} How many consumers are there in the food chain? [1 mark)
¢} Mame the primary consumer in the food chain, [1 mark)
d) All the rats in the area are killed.

Explain two effects that this could have on the food chain. [4 marks]
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Using Quadrats

This iz where the fun stare. Studying ecology gives you the chance o rummage sround in bushes,
get your hande dirty and look &t come real organizms, ving in the wild. Hold on to your hats folks...

Organisms Live in Different Places Because The Environment Varies

1) As you khow from page 83, a habiist is the place where an organism lives, e.g. a playing field.

2) The disiribufion of an organism is where an organism s found, e.g. in a part of ihe playing field.

3) Where an organism i found is affected by environmental factors (see page 84). An organism might
be more common in one area than another due to differences in environmental factors between the two
areas. For example, in the playing field, you might find that daigles are more comimon in the open than
under trees, bacause there's more light avallable in the opan.

4} There are a couple of ways to sfudy the distibution of an organism. You can:
* measure how common an organism is in two sample sreas (e.g. using quadraiz) and compare them.
= study how the distribution changes across an area, e.g. by placing quadrets slong a fransect (p.B8).
Both of these methods give quentifative data (humbers) about the distribufion.

Use Quadrats to _Stul:hr The Distribution of Small Organisms
A guadrat iz a sguare frame enclosing a known area, eg. 1 m® To compare how common 8h organism
iz in fwo sample aress (e.g. shady and sunny spots in that playing field) just follow these simple cheps:

1} Place a | m? guadrat on the ground &t 8 random point within the firct sample area. A quadrat
E.g. divide the area into a grid and use a random number generator fo pick coordinates. f

2) Count all the organiems within the quadrat. -\

3) Repeat steps | and 2 as many fimes as you can. 7,
4) Work out the mean number of organisme per quadrat within the first sample area. ——

Anna counted the number of daisies in 7 quadrats within her first sample area
and recorded the following results: 18, 20, 22, 23, 23, 23, 25
TOTAL number of organisms 154

Here the MEAN i oS SRR
S ™ T NUMBER of quadrats 7= T el s

E} Bepeat steps | to 4 in the sgcond sample area.
&) Finally compare the fwo means. E.g. you might find 2 daisies per m®
in the chade, and 22 daisies per m? {lote more) in the open field.

You Can Also Work Out the Population Size of an Organism in One Area

St o kol anch with s res oF O o vadpnly ST 0
sample daisies on an open field. The students found a mean of 2 i i
105 daisies per quadrat The field had an area of 800 m® Z  called its abundance.

Estimate propulaim'nn‘fda’si:snnth:ﬁﬂd. LA ER AR DAY
i
1} Wark out the mean number of crganisms perm” 1+ 05=2 = f;::;;;”..;!ﬂ';;’

2 % 105 = 21 daisies per m? af v, the rsan nuender

uForg,;m o
2} Then multiply the mean by the total area (in m') BOO = 21= 16 BOO = Just the m;gplr;"ﬂ:m

of the habitat. daisies on the open field rurmber per quadrat

1|u|||||r|||||||u|||1'-

AR RN
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Drat, drat, and double drat — my favourite use of quadrats...
It’s key that you make sure you put your quadrat down in a random place before you start eounting.

Q1 A 1200 m? field was randomly sampled for buttercups using a quadrat with an area of 0.25 m?
A mean of 0.75 buttercups were found per quadrat.
Estimate the total population of buttercups. [2 marks]
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Using Transects

8o, now you think you've learnt all sbout distribution. Well hold on — there’s more scology fun to be had.

Use Transects to Study The Distribution of Organisms Along a Line

You can use lines called transects to help find out how organisms (like plants) are distributed across an area
— a.g. if an organism becomes more or less common as you move from a hedge towsrds the middle of a

field. Here's what to do:

1} Mark out aline in the
area you want to study
using a tape measure.

2) Then collect data along

the line.

3} You can do this

) just counting Htt:ﬂa '—?;Trh“IHI”“””""”
organisms you're = M““"“ﬂmn:::d' 4
interested in that zruim,g e,
hu_‘-"h{hnlm- r..““”“”“I:‘?':h'-?fJ}H&

4} Or, you can collect data by using quadrats (see previous page). These can be
placed next to each other along the line or af intervals, for example, every 2 m.

[ You Can Estimate the Percentage Cover of a Quadrat '

If i's difficult 0 count all the individual organisme in the quadrat (e.g. if they're grass) you can caleulate the

percentage cover. This means estimating the percentage ares of the quadrat covered by a parficular fype of
organism, e.g. by counting the humber of iHle squares covered by the organisms.

Some students were measuring the distnibution of organisms from one corner of a
school playing field to another, using quadrats placed at regular intervals along a
transect. Below is a picture of one of the quadrats. Calculate the percentage cover
of each organism, A and B.

Misasuring 6 cover
2 [] Gegatin 1} Coynt the pumber of squares Type A = 42 squares
.I'_ A Tups: A covered by organism A
2] Make this into a percentage — divide the H2Mo0) * 100
Orgoci number of squares covered by the organism = 047 » 100 = 42%
"i': O Tgpe B by the total number of squares in the quadrat
et (1003}, then multiply the result by 100,
i 3) Do the same for erganizm B Type B = 47 squares
“fow count a square if it more #7M00) = 100
than half covered =047 x 100 = 47%

A slug that’s been run over — definitely a widely-spread organism

So if you want to measure the distribution of a organism across an area, you coubd use a transect. You can
either use them alone or along with quadrats. Now who's for a game of tennis... I've got my transect up.

Q1 What is a transect? [1 mark]
2 Some students want to measure how the distribution of dandelions changes across a field,
from one corner to another. Describe a method they could use to do this. [2 marks]

3 How could you estimate the number of organisms in a quadrat, if they are difficult to count? [1 mark]
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The Water Cycle

Water on planet Earth ks constantly recycled. This is lucky for us because without water,
we wouldn't survive. And | don't just mean there'd be ho paddling pools, ice lollies or bubble baths...

The Water Cycle Means Water is Endlessly Recycled ey 'r',' i

- I}E"El'lilim e {5
The water here on planet Earih ke constantly recycled. ';ﬂbr"::;":':’:;wéwm _-
Sirange but true... '_fr||||||1|.|.”|Tﬁ'|-.:'

1} Energu from the Sup makes water svgporate from fhe land and sea, turning i into water vapour

2) Water also evaporates from plants — this iz known ae {ranspirafion (see p.40).

3) The warm water vapour is corred upwards {as warm air rices). When it gete higher up # cools
and condenzes 1o form clouds.

4) Woater fafls from the clouds as precipitation (usually rain, but sometimes show or hail) onfo land,

5) Bome of this water iz sbeorbed by the soll and ks taken up by pland roofs. -
This provides plants with fresh waler for things ke photosynihesis. :
Some of the water faken up by plants becomes part of the plants'

8) Like plands, animals need water for the chenical resclions that happen in

SUUVTUU 0T gy e

= w“;?:’rl!ﬁ%h a

fheir bodies.  Animals refurn water fo the =oil and simosphers fhrough E‘“ﬁ:’hdn%m:
excrefion (processes that get Hd of the waste products of chemical ‘f-....?ﬂ’.‘:’,":f'l":’l’h”
reactions, e.g. sweating, urnation snd breathing out).

7] Water that doesn't get absorbed by the sofl will runoff into stresms and deers.

8) From here, the water then draine back info the =ea, before H evaporates all over again.

o

Come on out, it’s only a little water cycle, it won’t hurt you...

The most important thing to remember is that it's a cycle — a continuous process with no beginning or end. Water
that falls to the ground as rain {or any other kind of precipitation) will eventually end up back in the clouds again.

1 a) In the water cycle, how does water move from the land into the air? [1 mark]
b) How does the water cycle benefit plants and animals? [1 mark]
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The Carbon Cycle

Recyeling may be a buzz word for ug but it's old school for nature.  All the nutrents in our environment are
constantly being recycled — there's & nice balance between what goes in and what goes out again.

Elements are Cycled Back to the Start of the Food Chain by Decay

1) Living things are made of materials they fake from the world around them. E.g. plands furh elemends
like carbon, oxygen, hydrogen and nirogen from fhe zoll and the air info the complex compounds
{carbohydrates, proteins and fais) that make up living organisms. These get passed up the food chain.

2} These materals are returnad to the envirorment in waste preducts, or when the organiems die and dacay.

3) Materialz decay because they're broken down (digested) by microorganicms. This happens faster in warm,
maist, aerobic (oxygen rich) conditione because microorganisme are more active in these conditions.

4} Decay puts the stuff that plants need to grow (e.g. minersl ions — see poind 1) back into the soil.

5} In a stable communiy, the materals that are faken out of the sofl and used by plants ete. are balanced
by those that are put back in. Thera's a constant cyde happening.

The Constant Cycling of Carbon is called the Carbon Cycle |

Fosul fuels are made

of decayed plant ard Bm-.m&
animal matter "

mlbmmnpmrmhﬁemﬂmm

by dedritus feeders and microorganksme
Thai cah look a bit complicated at firet, but if's actually pretiy simple: 2 The b~

= geen plants and

1) CO, is removed from the atmosphere by gresn plants and algae during photosynthesis. — e

\“l-lllnrl.”“r“’

The carbon iz used fo make glucose, which can be turmed into carbohudrates, fals = phobosinth s i

and proteins that make up the bodies of the plants and algas.
2) When the plants and slgae respire, some carbon is refurned fo the atmosphere as CO,. ,,,f;’:’:*,f‘]-‘;j”“
3) When the plants and algae are eaten by snimals, some carbon becomes part
of the fats and proteing in their bodies. The carbon then moves through the food chain.
4) When the gnimals respire, some carbon is refurnad 4o the atmosphere as CO, .
5} When plants, algae and animals die, other antmals (called detritus feeders) and microorganisims
feed on fheir remains. When these organisms respire, C0, is refurned to the atmosphere.
8) Animals also produce waste that is broken down by detritus feeders and microorganismes.
7) The combustion (burning) of wood and fossil fuels also releases CO, back info the air.

8] 8o the carbon (and energy) is constantly being cycled — from fhe air, through food chains (via plants,
algae and snimals, and detrifus feeders and microorganisms} and eventually back out info the air again.

BNRALLEL Y Ly

What goes around comes around...
Carbon is very important for living things — i's the basis for all the organic molacules in our bodies.

Q1 What causes materials to decay?
2 Describe how carbon is removed from the atmosphere in the carbon cycle.

[1 mark]

[1 mark]
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Biodiversity and Waste Management

Earth’s Biodiversity is Important

Biodiversiy s the variely of diffarent species of organlems on Earth, or within sn scosysiem.
1) High blodiversity ks important. It makes sure thet ecosustems (see p.B3) are siable because
different species depend on each other for things ke shelter and food. Different spectes can
also help to mainfain the Hght physical ervironmend for each ofher (e.g. the acidiy of the soil).
2} For the human species to survive, H's important that a good level of biodiversity is mainfained.
3} Lots of human actions, including waste production (see below) and deforestation (see p.93),
as well as plobal warming (see next page) are reducing biodiversity. However, H's only recendly
that we've started foking measures to siop this from continuing.

: There are Over Seven Billion People in the World... :,
1} The population of the world ks currently rising very quickly, and i#'s -i'“ okl
ot slowing down — look at the graph... 5
2} This iz mostly due fo modern medicihe and farming methods, which :"l;._,
have reduced the number of people dying from disease and hunger. 2 e
3} This iz great for all of us humans, but # means we're having & -iw maalicien ared
bigger effect on the enhvironment we live in. £ H""
| «..With Increasing Demands on the Environment L e e =

When the Earth's population was much smaller, the effects of human schivify were usually

small and focal. Nowsdays though, our sctions can have a far more widespread effect.

1} Our increasing populstion pute pressure oh the environmend,
az we take the resources we need o survive.

2} But people around the word are aloo demanding a higher standard of living (and so demand luxuries fo
make life more comfortable — cars, computers, efc.). So we use more raw materials (e.g. ol o make
plastics), but we also use more energy for the manufacturing processes. This all means we're taking
maore and more resources from the environment more and more quickly.

3} Unfortunately, many rew materials are being used up quicker than they're being repleced.

8o if we carry on like we are, one day we're going to run ouf.

We're Alse Producing More Waste ,

Az we make more and more things we produce more ahd more waste, including waste chemicals.
And unless this waste iz propedy handled, more harmful pollution will be caused. Pollufion affects
watar, land and air and kills plants and animals, reducing biodiversihy.
Bewsge and toxic chemicals from industry can pollute lakes, rivers and oceans, affecting
the plants snd animals that rely on them for survival (including humans). And the chemicals
used on land (e.g. ferfilisers, pesticides and herbicides) can be washed info water.

We uze toic chemicals for farming (e.g. pesticides and herbicides). We alzo bury
nuclear waste underground, snd we dump a lof of household waste in landfill sites.

Omoke and soidic gaces releaged info the atmosphere can
poliute the air, 8.g. sulfur dioxide can cause acid rain.

More people, more mess, less space, fewer resources...
Biodiversity's a useful thing, but the increasing rate of species extinction means that it's being reduced every day.
0l Whiat is meant by the term “biodiversity™? [1 mark]
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Global Warming

The Earth iz getting warmer. Climate scientfists are now trying fo work out what the effects
of global warming might be — sadly, #'s not as simple as everyone having nicer summers.

Carbon Dioxide and Methane Trap Energy from the Sun
1) The temperature of the Earth iz a balance between the energy i L L L

gets from the Sun and the energy it radiates back out info space. = 1Mz is what happens in 2 greenhouse =
The Sun shines in, and the glass hdps =
2} Gases in the atmosphera naturally act ke an insulafing Igg.‘.l"'; Keeps some of the energy in =

MMhmu{{hgmmmHm,ﬂuhgrmnm TR LI VO R B LR L™
into space, and re-radiate it in all directions (including back fowards the Earth).
Thie increases the femmperature of the planet.

3) If thic didn't happen, then at night there'd be nothing fo keep any energy in, and we'd quickly get
wery cold indeed. But recently we've started to worry that this effect s getting a bit out of hand...

4} There are several different gases in the atmosphere which help keep the energy in. They're called
Mpreenhouse gaces", mdihumuhmudmnlwahwumrgdmuimmrbmcﬂmﬁdo{ﬂﬂg}ud
méethane — because the levels of these two gases are Hsing quite sharply.

&} The Earth ie graduslly heating up because of the increasing levels of greenhouse gases —

this is global warming. Clobal warning is a type of climate change and causes other fypes
of climate change, e.g. changing rainfall patterns.

The Consequences of Global Warming Could be Pretty Serious

There are several reaschs to be worried about global warming. Here are a fow:

1) Higher temperatures cause seawater fo expand and ice fo mel, causing the sea level 1o Hae.
It has rizen a litle bit over the last 100 years. This is beginning to increase the frequency
of flooding in some areas. I sea level keepe rising, il be bad news for people and animals
living in low-luing places, and could result in the loss of habitats {where organisms live).

2} The distribution of many wild enimal and plant species ks changing as femperaiures increase and the
amount of rainfall changes in different areas. Some species are becoming mote widely distributed,
e.g. species that need warmer temperatures are spreading further as the conditions they thrive in exist
over a wider area. (Hher species are becoming less widely distributed, e.g. species that need
cooler temperatures have smaller ranges as the conditions they fhrive in exst over a gmaller area.

3) There have been changes in migration patierns, e.g. some birds may
be migrating further norih, as more northern areas are getling warmer.

4) Biodiversity (see p.91) could be reduced if some species ara
unable o survive a change in the dimate, so become exfinct.

The greenhouse effect — when you start growing into a tomato...

Global warming is rarely out of the news. Most scientists accept that it's happening and that human activity
has caused most of the recent warming. However, they don’t know exactly what the effects will be.

o1 Explain how global warming could lead to the loss of low-lying habitats. [3 marks]
Topic BT — Ecology
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Deforestation and Land Use

frees and peat bogs frap carbon dioxide and lock it up. The problems sfart when i escapes...

Humans Use Lots of Land for Lots of Purposes

1) We uze land for things like tmildir_rg. guarring, farming u-u:l. dumping weehs.
2} This means that there's less |and avallable for ofher organizme.

3) Bomefimes, the way we use land has a bod effect on the ervironment — for example,
if it requires deforectation or the desiruction of habifets ke pest bogs and other sross of poat.

Det’orestatmn Means Chopping Down Trees

uhrnﬁia@ iniha cuHing dmu-m-!iurnn-ls Thiz cauzes big pmbmhhmil‘sdurnmnla_rﬂ;g-mmg.
such as cutting down rainforests in fropical sreas. H's done for various reasons, including:

+  To clear land for farming (e.g. cotfle or roe crops) to provide more food.

+  To grow crops from which biofusls based on ethanol can be produced.

. Deforestation Can Cause Many Problems |

LERZ CARBON DIOXIDE TAKEN IN
1} Cutting down loads of {rees means that the amount of carbon dicxdde Tﬁ:m" which
removed from the atmosphere during photosynthesis is reduced. TR RTT s R

2) Trees 'lock up' some of the carbion that they absorb during photosynthesis in thelr wood, which can
remove it from the stmosphers for hundreds of years. Removing frees means that less ke locked up.

MORE CARBON DIOXIDE IN THE ATMOBPHERE

1} Carbon dioxide is released when frees are burnt to clear land. (Carbon in wood doesn't contribuie fo
atmospheric pollufion until H's released by burning.)
2) Microorganisms feeding on bits of dead wood release carbon dioxide as a waste product of respiration.

1) Biodiversity (p.91) is the variety of differend species — fhe more species, the greater the biodiversity.
2) Hn&mhmmmm{ﬂhalﬂgg bwufdlﬁurahinpuﬂmufﬂ ants and snimals, oo when
they are desfroyed there iz a danger of many species becoming axtinct — blm:lmﬁiglnmdumd

.‘.Ilr'llllllIllllrlllllrllfl.a

Mose O in the atmosphere

LAy ﬂhb\i H&ﬂhnﬂ

VEEREgrdg
VRIS

. Destroying Peat Bogs Adds More CO, to the Atmosphere ]

1} Buogs are areas of land that are acidic and watedogged. Plants that live in bogs don't fully decay when
they die, because there's hoi enough coygen. The parfly-rotied plants gradually build up fo form peat.
2} 8o the carbon in the plants i slored in the peat instead of being released into the aimosphere.

3] However, peat bogs are often drained so that the area can be used as farmland, or the peat is cut up
and dried to use as fuel. It's also sold fo gardeners as composi. Peat is being used faster than # forms.

4] When peat iz drained, it comes into more contact with air and some microorganisms start to
decompose . 'When these microorganisme respire, they use majgen and release carbon dioxide,
coniributing to global warming (see the previous page).

E} Carbon dioxide iz also released when peat is burhed as a fuel.

8] Destroying the bogs also destroys (or reduces the area of) the habitats of some of
the animals, plarfs and microorganisms that live there, so reduces blodiversify.

Pete Boggs Demolition Ltd — the name in habitat destruction...
So removing trees and peat results in more atmospheric CO,, which contributes to global warming. Bad times.
Q1 Suggest why deforestation can result in a higher CO, concentration in the atmosphere. [ marks]
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Maintaining Ecosystems and Biodiversity

Itz really important that biodiversity is meintained, but ofher factiors also have to be taken into sccound.

Programmes Can be Set Up to Protect Ecosystems and Biodiversity

minimise dsmags by humsn scivifies (see p.91) to ecosystems and biodiversity. Here are a few examples:

1} Ereeding programenss have been set up to help prevent endanpered species from becoming sadinct.
These are where animals are bred in coptiviiy to make sure the species survives if H dies ouf in the
wild. Individuals can sometimes be relesced into the wild fo boost or re-establish a population.

2) Programmes fo protect and regenerate rare habitats Be mangroves, heaihland and coral reefs
have been starfed. Protecting these habitats helps fo protec! the species that live there —
preserving the ecosysten and biodiversity in the area.

3) There are programmes fo reindroduce hadgerows and fisld margine around fields on farms where
only a =ihgle fupe of crop is grown. Feld marging are areas of land around the =dpes of fields
where wild flowsrs and grasze: are left to grow. Hedperows and feld margine provide a habiial for
a wider variety of organisme than could survive in 8 single crop habitat.

4) Bome governments have infroduced regulations and programmes to reduce the lovel of delorectation

5) Pecple are encouraged fo recycle fo reduce the amount of weste thet gete dumped in landfll sites.

Conflicting Pressures Can Affect How Biodiversity is Maintained

Sadly for noble blodiversity warrtors, maintaining bicdiversity isn't as simple as you would hope.
There are lots of conflicting pressures that have to be teken into account. For example:

1) Protecting biodiversity costs moned. For example, governments sometimes pay farmers a
subsidy to reinfroduce hedgerows and field margins o their land. H ecan also cost money fo
keep a watch on whether the programmes and regulafions degigned o maintain biodiversity
are being followed. There can be conflict between profecting biodiversiy and saving money
— money may be pricrilised for other things.

2) Protecting biodiversity may come af a cost to local people’s fivelihood. For example,
reducing the amount of deforestation is great for biodiversity, but the pecple who were

previously employed in the tree-felling industry could be left unemployed. This could
affect the local econony i people move away with their family to find work.

3) There can be conflict between protecting biodiversity and protecting our food securiiy.
Sometimes certain organiems are seen a8 pests by farmers (e.g. locusts and foxes) and are
killed to protect crops and lvestock so that more food can be produced. Az a result, however,
the food chain end biodiversity can be affected.

4) Developmend is mportant, but f can affect the ervironment. Many people want fo protect
biodiversity in the face of development, but sometimes land is in such high demeand fhat
previously untouched land with high biodiversity has fo be used for development, e.g. for
housing developments on the edge of towns, or for hew agricultural land in developing countries.

Revision or sleep — now that’s a conflicting pressure...

Like many situations in ecology, maintaining biodiversity isn't black and white. There are lots of
factors to take into account before decisions on the best way to go forward can be made.

Q1 Give an example of how biodiversity can be increased in areas that farm single crops. [2 marks]
Q2  How could wild populations of endangered species be preserved by breeding proerammes? [2 marks]
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Revision Questions for Topic B1

That's Topic BJ done with. | bet you're right in the mood BT AL LR I TR R TN T RIS
' = For even mere prachc the
for a long list of revision question now. You're in luck. = hhﬁd@b&-ﬁ;g“
* Try these questions and tick off sach one when you get it right. I e
“1 1 [EREA (1] 1
*  When you're completely happy with a sub-topic, fick # off.

Competition, Abiotic and Bicotic Factors, and Adaptations (p.83-85) |:|
1} Define "habitat'.

2] What things do animals compete for in an ecosystem?

3) What are biotic and abiotic factors?

4) What are functonal adapiatione?

Food Chains (p.B6) | |
5) What do food chains always starf with?
B8) Explain what happens fo the population size of 8 predafor
if iz prey becomes more common in ah ecosystem.
Quadrats and Transects (p.87-88) [ |
7} Explain how a quadrat can be used fo investigate the distribution of dover planis in fwo areas.

8) SBupgest why you might use a trensect when investigating the distibufion of organisma.

The Water and Carbon Cycles (p.89-90) [ |
9} When water vapour cools and condenses in the afmosphere, what does i change into?
10} Explain how microorganisms refurn carbon to the atmosphere.

Human Impacts on the Planet (p.91-94) D

N} Buggest why i's important fo have high biodiversiy in an scosystem.

12} Name two gases linked to global warming.

13) Give an example of how global warming could reduce biodiversify.

14} Why might humans carry out deforestation?

15) Explain why the destruction of pest bogs adds more carbon dioxide to the atmosphere.
18) How can recycling programmes help to protect ecosystema?

e E
(AR RN R

[
]
Ll
M
[
|
Ll
[
[
[
L
Ll
1
[
[
]

Topic BT — Ecology



96 Topic C1 — Atomic Structure and the Periodic Table

All substances are made of atoms. They're really ting — too small to see, eaven with your microscope.  Atoms
are so tiry that a 50p piece condaine about 77400 000 000 000 000 000 000 of them. Quite a lot then...

| Atoms Contain Protons, Neutrons and Electrons

Afoms have a radius of shout 0.1 nanometres (that's 1 % 107 m). There are a few different
|and equally useful) modern models of the atom — but chemists tend fo like the model below best.

'|I.|l.|.||l-||.l|1u1|.||.|.|||.|-||.|||_.-/

The Nucleus =" & nanoenetre [nm) @ one tilliooth =

of a metre Shiowr n standard
1) s in the middie of the atom. form, that's 1 % 10" m. Standard
2) U contains profons and neutrons. P e i s g B2
3, hmwnmamﬁm :-‘.-IH,”|-,|,|.|||-|L11Hr|I1I-|'|I-|'n~\.

AENREIRART A

AR R A N B

Large or really small rumbers.

1 % 107 m (that's around 1/10 000 of the radius of an atom)
& O 4} Wi has a positive charge because of the profons.
: 5 5) Almost the whole mass of the atom is concenfrated in the nueleus.
e
Frotons are heavy and positively charged The Electrons
S e G i 1) Move around the nucleus in electron shells.
Pafds | Rk Charge 2) They're negatively charged and tiny, but
llllB! = they cover a lot of space.
: = 3) The volume of their orbite determines the
c ki size of the atom.
Elsctron W‘E““': 4 4) HBectrons have virtually no mass.
[Elpctron mans is often taken ax zerg}

Number of Protons Equals Number of Electrons

1) Atoms are heutral — they have po charpe overall (unlike jons). s o3

2) This i because they have the same number of protons as electrone. = group of atoms that has —

3) The charge on the elecirons s the same size as the charge on the profons, =, It ar gained clectrans.
but opposite — so the charges cancel ouf.

4) In an jon, the number of profone doesn't equal the number of electrons. This means i has an
overall charge. For eample, an lon with 8 2- charge, has fwo more electrons than protons.

Pl

Atomic Number and Mass Number Describe an Atom

1) The nuclear sgmbol of an stom telle you Hs slomic {proton] number and mess number.
2) The slomic mamber felle you how many profons there are.

8) The mass number fells you the fotal number of Mieliar spnbl fox wcekinn-
profons and heuirone in the atom. ::;“‘hﬂa Elerment symial

4) To get the number of reutrons, just sublract the L N 5 ol
afomic number from the mass number. rumbe, =11 symbals).

Let’s be positive — unless you’re an electron of course...

Atoms may be tiny, and the things inside them even smaller, but this stuff is super important. If you get to
grips with the basic facts then you'll have a better chance understanding the rest of chemisiry. Crack on.

Ol An atom of gallium has an atomic number of 31 and a mass number of 70,
Give the number of electrons, protons and neutrons in the atom. [3 marks]
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An glement is 8 substance made up of atoms that all have the seme number of protons in their nudeus.

: Elements Consist of Atoms With the Same Atomic Number

1} Atoms can have different humbers of protons, neutrons and electrons.
I's the number of protons in the nucleus that decides what fupe of afom i .

2} For example, ah atom with ohe profon in He hucleus s hydrogen and an atom with two profons s helfium.
3} i a subslance only containe atoms with the same number of profons s celled an elemend.
There are about 100 difforent elemends

4) 8o gll the atoms of a parficular glement (e.g. nirogen) have the same number of
protons and differant elements have afoms with different numbers of profons.

.Iltems Can be Represented h? S'ymhels .

Atoms of each element can be represented by a one or two letter symbol — if's a fype of shorfhand
that saves you the bother of having fo write the full hame of the element.

Bome make perfect sense, 8.8. @ — carbon 0 = omygen Mg = magnesium

gpaprvpldbpigent RN RRANARRRARE R
Others less s0, e.g. Na = sodium Fe = iron Pb = lead fM:rnanMJLédls;rnhnhamuﬁfcw1
= Froen the Latin names of the elements

You'll zee theze symbols on the periodic table (see page 106). T LA RS TR RR I

Finiahd

' Isotopes are the Same Except for Extra Neutrons

1} lsolopes are different forms of the same element, which have m”“,,,uﬂnuw
the same number of profons but a differant number of neutrons. S nper of neAII0E -

The
2) 8o isotopes have the same atomic number but different mass numbers. ﬁi‘"ﬂ b S
3) A very popular example of a pair of isotopes are carbon-12 and carbon-13. prp ] (et

oo

gL Tt

£

\I|-|I|'||'

B Neutronsz T Neutronsz

4} Because many elemenis can exst as a humber of different isotopes, relative atomic mass (A ) is used
insfead of mass number when referdng fo the element as a whole. Thiz is an average mass faking into
account the different masses and abundences (amounts) of all the lsotopes that make up the elemant.

E} You can use this formula
to work out the relative

glomic mass of an element:

Copper has two stable isotopes. Cu-63 has an abundance of 62.2% and Cu-65 has an
abundance of 30.8% Calculate the relative atomic mass of copper to 1 decimal place.

: . (692 x63) + (308x65) _ 43596+2007 _ 63616 _ .
Relative atomic mass = 9273008 160 = Soo - 03616 =636

It’s elemental my dear Watson...

Atoms, elements and isotopes — make sure you know what they are and the differences between them.

Q1 A substance consists of atoms which all have the same number of protons and electrons
but different numbers of neutrons. Explain why this substance is an element. [1 mark]

2 Silicon, 5i, has three stable isotopes. 5i-28 has an abundance of 92.2%,
5i-29 has an abundance of 4.7% and Si-30 has an abundance of 3_1%.
Calculate silicon’s relative atomic mass to 1 decimal place. |2 marks]

Topic C1 — Atomic Structure and the Periodic Table
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K would be great f we only had {0 deal with elements. But unfuckily for you, elements eah mix and mateh fo
make lots of new subsfances ecalled compounds. And fthis makes things a Etfle bit more complicated...

Atoms Join Together to Make Compounds

1} When elemenis react, atoms combine with other atoms o form compounds.
2} Compounds are substances formed from two or more elements, the atoms of each are in
fixed proporitons fhroughout the compound and they're held together by chembcal bonds.

3) Masking bonds involves atoms giving away, taking or sharing electrons. Only the electrons
are involved — the nuclel of the atoms aren't affected at all when & bond is made.

4) Ws pzually difficult to seperaie the original elements of a

aarrars

compound out again — a chemical reaction iz heeded to do this. T S e el e
5} A compound which is formed from a melsl and a non-metsl consists :_-' usialy measure 3 change in enesgy

of ions. The metal atoms lose electrons fo form positive jons '.i;f’l‘f':l‘f"“t':'rﬁ:“““ma"mmwﬂ:;

and the non-metal afoms gain electrons fo form negative ions. g i

The opposite charpes (positive and negative) of the fons mean that they're strongly stiracted fo

each other. This iz called jonic bonding. Examples of compounds which are bonded fonically include

sodium chloride, magnesium oxide and calcium oxide.

8) A compound formed from non-metals consists of molecules. Each atom shares an eleciron with

another atom — this is called covelent bonding. Examples of compounds that are bonded covalendly
include hydrogen chloride gas, carbon mohoxide, and waler.

l.1|JII.IIIII-I|lIII.r-||.IJI.I|||||r|l,r/
Churing a chemsical reackivn, at beast

Pid s,

[RERNTR

7} The properties of & compound are usually folally different friom Heat
the properfies of the orgingl clements. For axample, if iron ——
(& lustrous magnetic metal) and sulfur (a nice yellow powder)
react, the compound formed (iron sulfide) fs a dull grey ®+ FBB
golid lump, and doesn't behave anuthing like either iron or sulfur.  Mixlure Compound

A Formula Shows What Atoms are in a Compound
Just as elements can be represented by sumbols, compounds can be represented by formulss. The formulas
are made up of elemental symbols in the same proporfions that the elemenis can be found in the compound.
1) For example, carbon dicsdde, €0, Is a compound formed from a chemical reaction
between carbon and cxygen. M confaine | carbion afom and 2 oxygen stoms.

2) Here's another example: the formula of sulfuric acid is H 80,.
D + Q = ﬁ'} 8o, each molecule confeine 2 huydrogen atoms, | sulfur olom

owhon + megen s=3n cabon diovide and 4 oxygen atoms.
© ....... @@@ 0. 3) There might be brackets in a formula, e.g. calcium hydroxide
et

is Ca{OH),. The litfle number outside the bracket applies to
sverything inside the brackets. 8o in Ca{0H], there's

Wl‘l gﬂﬂ! Bf‘ﬂ'.l'ld &
i i o s oo 5 L) 1 calcium atom, 2 oxygen stome and 2 hydrogen atoms.
Here are some examples of formulas which might come in handy:

1) Carbon dioxide — CO, 4} Sodium chloride — Nall 7} Calcium chloride — Call,
2} Ammonia — NH_ &} Carbon monoddes — CO 8) Bodium carbonate — Na CO_
3) Water —H.D 8] Hydrochlorc acid — HCI 8} SBulfuric acid — H 80,

If you don’t revise, it will only compound your problems...

You know when you were little and taught to share things? Turns out atoms have been doing this
since the start of the universe. Maybe we could all leam a thing or two from those little guys.

Q1 How many atoms are in one particle of Na CO 7 [1 mark]
02 Acompound has the formula A1L(SO,),. Name the elements and state
how many atoms of each element are represented in its formula. [1 mark]

Topic C1 — Atomic Structure and the Periodic Table
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Chemical Equations

Chemical equations are fundamendal to chemisiry. Pretiy much like tomato kefehup is 1o 8 bacon buty.
Mrntn.... bacon butties... Somy, | got dicirected. Let's do this.

Chemical Changes are Shown Using Chemical Equations

One way to show a chemical reaction is fo weite a word equation. H's not as quick as using chemical
symbolz and you can't tell straipht sway what's happened to each of the afoms, but s dead easy.

Here's an example — you're fold thet melhane burns in coygen giving carbon dicside and water:

The molecules on the [efi-hand The molecules on the
side of the equation are called  pethane + oxygen — carbon dioxide + water right-haned side are called the
tive peactands (because they proshucts (because theyve been
react with zach other). produced fram the reactants).

Symbol Equations Show the Atoms on Both Sides
Chemical changes can be shown in a kind of shorthand
using symbol equations. Symbol equations just show maghesitim + oxygen maghesium oxide
tha suinbaols or formulas of the resciants and products... oMg + 0, — 2Mg0

Youlll have spotted that there's a 2 in front of the Mg
anad the Mg The reasan for this is exqplained below_.

_S'rmbul Equations Need to be Balanced

I]-l There muﬁ slways be the same humber of afoms on both sides — they can't just disappesar. "
2) You balance the equation by putting numbers in front of the formulas where needed. /:‘ i

Take thiz equation for reacting sulfuric soid with sodium hydroxide:

H,80, + NaOH —> Na 80, + H,0

3} The formulas are all correct but the numbers of some aloms don't match up on both sides. E=
4] You can't change formaulas like H, 80, to H 80.. You can only put numbers in front of them.

The more you practice, the guicker you get, but all you do is this:

1) Fnd an element that doesn't balance and pencll in 8 humber to try and sort # out.

2} Bes where H gets you. W may creste anofher imbalsnce, but if g0, pencl in
another number and soe where that gets you.

3) Carry on chasing unbalanced elements and 'll sort ieelf out prety quickly.

In the equation above you'll notice we're short of H atoms on the RHS (Right-Hand Side).
1) The only thing you can do about that is make it 2H O instead of just H,C
HSO, + MNaOH — NaSO, +2HO
2) But that now gives Lop many H atoms and O atoms on the RHS, so to balance that up you could try
putting 2M4aCH on the LHS {Left-Hand Side):
HSO, + 2MaOH — NaSO, +2HO
3} And suddenky there it is! Everything balances. And youll notice the Ma just sorted itseff out

Revision is all about getting the balance right...

Balancing equations is all about practice. Once you have a few goes you'll see it's much less scary than
it seemed before you took on, challenged and defeated this page. Go prab some chemistry glory.

1 Balance the equation: Fe + Cl, — FeCl, [1 mark]

)2  Hydrogen and oxygen molecules are formed in a reaction where water splits apart.
For this reaction: a) State the word equation.  b) Give a balanced symbol equation. |3 marks]
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Mixtures and Chromatography

Mixfures in chemiztry are just lke mixtures in baking, lofe of separste things all mixed together. But most of
the fime they're considerably less delicious. And you probably shouldn't eat them. Or put them in an oven.

Mixtures are Easily Separateﬂ.— Not Like Compounds
1) Unlike in a compound, there's no chemical bond between the different parts of a mixture.

2) The parte of a mixture can be either eloments or compounds, and fhey can be _g“':;;l;_s'i::m ALRL A
separated out by phusical methods such as filtrafion (p. 101), crystallisetion - that doest 1-.1.,01:._ 2.1; =
(p.101), simple distillation (p.102), fractional distillation (p.102) = chemical reaction, 50 doesnt =
ﬂl‘d d"‘“’“&mﬂ"?h'd {Bﬂﬂ H'N}. _}-"l IE"TIEI:{ rﬁl?ﬁﬁﬁ': |\'\E

3) Airis a mixfure of gases, mainly nitrogen,
oxiyjgen, carbon dioxide and argon.

The gases can all be separated out fairy easily.

4) Crude ofl is a mixture of different langth
hydrocarbon moleculas.

G} The properfies of a mixiure are just a mbdure of the
properfies of the separate parfs — the chemical properfies
of a substance sren't affected by it being part of 8 mbdure.

For example, a mixture of iron powder and sulfur powder will
show the properties of both fron and sulfur. [ will contain s [ron and suffur, mied =
grey magnetic bits of iron and bright yellow bits of sulfur. gt it ok e,

You N’e_er._i to Know Eqw to Do Paper Chromatography | PRACTICA;
One method of separating substances in a mixture iz through chromatography.
This technique cen be used to separate different dyes in an ink. Here's how you can do it:

1) Draw a line near the botiom of a sheet of filier paper.
[Uee & pencil to do this — pencil marks are incoluble and won't dissolve in the solvent.)

2) Add a gpot of the ink fo the line and place the sheet in a besker of colvent, e.g water.

3} The solvent used depends on what's being tested. Some compounds diszolve
well in water, but sometimes other solvents, like ethanol, are needed.

— 4) Make sure the ink izn't fouching the solvent

—— filter pager — you don't want # to dissolve into H.
| ) E) Place a lid on top of the condainer fo stop the solvent evaporating.
»-— 8) The solvent seeps up the paper, carrying the ink with i.
= -_“""-pm.:uh 7) Each different dye in the ink will move up the paper at a different

rate so the dyes will separate out. Each dye will form 8 spot in a
different place — 1 spot per dye in the ink.

8) If any of the dyes in the ink are insoluble (won't dissolve) in the
solverdt you've used, they'll stay on the baselina.
9) When the solvent has nearly reached the

top of the paper, take the paper out of
— the beaker and leave it to dry. 185 # moves up he
Wwﬁmrmlﬁml

10) The end result iz a pattern of MU ey
Shallow Soheent spots called a chromatogram.

\|1IIIII.IIHFr.IrHF”lII.r
pﬂmfﬂrs-uhnth.h

iy,
ENRETLS

Chemistry and fun are a mixture — easily separated...

Chromatography is actually mighty useful in real life. It used to test athletes® urine samples for performance
enhancing drugs, and also to test unknown substances at crime scenes. Eeek..

Ol Explain why you shouldn't use a pen to draw a line on the filter paper for paper chromatography. [1 mark]

Topic C1 — Atomic Structure and the Periodic Table



101

Mozre Separation Techniques

Fittration and crystallisation are methods of separafing mixiures. Chemists use fhese fechniques all the time fo
separate solids from liquids, so i's worth making sure you know how fo do them.

Filtration Separates Insoluble Solids from Liquids

1} Firation can be used if your product is an insoluble solid
that needs to be separated from & liguid reacfion miure.

2) H can be used in purification as well. For example, solid impurities
in the reaction mixture can be ceparated out using filiration. the salid i= e in the
SUEIRETRRT AR IR T IR AR IR TR TR TR PR PR BT AR LT - Elter
= Irmchuble means the =obd car't be disschied in the Bquid = paper
FERALELAE LD LA F AR AT N IR T LRI R BN IR TR

Two Wajrs to Separate Soluble Solids Irum Solutions

i Hns-uldmnbudmmhadirl‘ndmubndushﬁngatﬂuhln lhnﬂim hunmaihﬂu;punmmnh ceparate &

soluble salt from a solufioh — evaporetion and crystallisation. WL,

= You don't have to =
M tmpnnﬁngd'uh ‘_ use a Bunzen burmer, E
1} Pour the sclution info an evaporafing dish. = ruun;u:uma =
2) Slowly heat the solution. The solvent will evaporate and the solution = mt’.h;:l:“ ;

SRl R N et

will get more concenfrated. Eventually, crystals will start to form.
3) Keep heating the evaporating dish until all you have left are dry crystals.
Evaporation is a really guick way of separating a scluble salt from a solufion, but you ean only use i if the
salt doesn't decompose (break down) when He heated. Otherwize, you'll have to use crystallizafion.
Crystallization Al Dy,
= ou should akbo use
1) Pour the solution into an eveporating dish and genfly heat the solufion. = crystalimation if you
Some of the solvent will evaporate and the solution will get more concentrated. i_'“"““;"“":ﬂ':_‘&

2} Once some of the solvent has evaporsted, or when you see crystals start to form “mﬁumnnm
(the point of crystallization), remove the dish from the heat and leave the solution fo cool.

3) The salt should start to form crustals as # becomes insoluble in the cold, highly concentrated solufion.
4} Hiter the crystale out of the solubon, and leave them in 8 warm place Salt erpatallising
to dry. You could sloo use a drying oven or 8 deslceator. g

Filtration and Crystallisation can be Used to Separate Rock Salt

1) PRock salt is simply a mixiure of salf and sand [they spread H l:ln.ihn roads in winfer).

2} Balt and sand are both compounds — but salt dissolves in water and sand doesn'f.
This vital difference in fheir phusical properties gives a great way fo separafe them. Here's what to do...

R AR RN RN AR R R

1} Grind the mixture fo make sure the salt erystals are small, so will dissolve saslly. — You can heat the misture
2) Put the mixture in water and stir. The sali will dissolve, but the sand won's. g = ' P dicive the aalt

EOARRRET I

I|II]1TIJIJ|rl|l'II'IiHF-
3) Fiier the mixture. The grainz of sand won't fit through the fing holes in the filter paper, so they
collect on the paper instead. The galf passes through the filker paper az H's part of the solufion.
4) Evaporate the water from the salt so that it forms dry crystals. sl A, L;:;]L;':D:L:::[“:
= you wanted to make mice, big orpstals.

FALTENLR R R LR pnn

Revise mixtures — just filter out the important bits...
Two out of three pages on separating mixtures done, phew.. But before you dash on to the next page (1 know, it's
just so exciting). make sure you know this page to a T. Talking about Tea, I need a cuppa...
Q1 A student needs to produce pure crystals of copper sulfate from an aqueous solution
of copper sulfate. Desernibe how the student could uwse crystallisation for this process. [4 marks]
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Distillation

Digtillation is used to separafe mbdures which contain liquids. There are two types that you should know
about — gimple and fractional. Hopefully, this page will ‘distl® everything you need to knhow... ho ho.

Simple Distillation is Used to Separate Out Solutions PRACTICH,

1) Bimple distilation is used for separating out a liquid
from a golution.
2} The solution is heated. The part of the solution that
has the lowest bofling point evaporafes first.
8) The yapour ks then cooled, condanses (furns
back info a liquid) and iz collecied. i c R
4] The rest of the sclution iz left behind in the flask. | : ( turrs back into a liquid
5} You can use simple disfilation fo get pure water ] |%ﬂ“~:‘*~q¢ hm:ut::::hd by the
from zeawaier. The water evaporates and is /§ % $‘\\“‘h~“‘\_:_: = .

N N NN R R IRIIIT
= Make sure the l.wraturgclﬁir||I-':tll;-ll::ln-l:blt.nnn‘"I”IheE

2 oflbucmdm”dwtatmhp -

F|.|||||.|||||r|u|u|nr|rl-|-|||i|.|r|.|lrr-:

condensed and collected. Eventually you'l
ehd up with just the sali left in the flask.

8) The problem with simple distilation is that
you can ohly use H to separate things with Wlaker
very different boiling points — if the femperature =2 f@f i
goes higher then the bolling point of the substance it
with the higher boiling point, they will mix again.

7] ¥ you have a mixture of liguids with similar boiling points you need P distilled veter
another method o separate them — like fractional disfillation...

' Fractional Distillation is Used to Separate a Mixture of Liquids

1} If you've got a mixiure of liguids you can separate i using
froctional distillation. Here is a lab demonstration that can be
used to model fractional distillation of crude of at a refineny.

2) You put your mixture in & flask and stick a
' fractionafing column on fop. Then you heat it.
3} The different liguids will all have different bofling
points — so they will evaporate at differend
| _-

The lquid with the lowest boiling point evaporates
first. When the temperature on the thermometer
] matches the boiling point of thiz iquid, H will reach
g| the {op of the column.
b= 5) Liquids with ot bodl g might aleo clart to
L evaporate. Buf the column is cooler towards the
| ) top. 8o they will only get part of the way up before
i cohdensing anhd running back down fowards the flask.
6) When the first liquid has been collected, gou raize the
temperature undil the next one reaches the fop.

Fractionating — sounds a bit too much like maths to me...
You made it to the end of separation techniques. Congratulations. Mow all you need to do iz learn these
techniques. Shouldn’t be too tricky. Make sure you scribble all this suff down — you'd be crazy not to. frrg=rm
Q1 Propan-1-ol, methano] and ethanol have boiling points of 97 °C, 65 "C and 78 °C respectively. e
A student uses fractional distillation to separate a mixture of these compounds.
State which liquid will be collected in the second fraction and explain why. [2 marks]
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The History of the Atom

You might have thought you were done with the atom after page 96. Unforfunately amigo, you don't get away
that easlly — there's more you need to learn. Hold on to your hat, you're going on a8 journey through fime...

The Theory of Atomic Structure Has Changed Over Time

bl

2)

3)

Af the starf of the 194h cenfury John Dalion described atoms as solid spheres, positvely charged
and said that different spheres made up the different glements. pudding’

In 1897 J | Thomson concluded from his experiments that atoms weren'] solid spheres.

Hiz measurements of charge and mass showed that an atom must condaih even smaller,

negatively charged particles — electrons. The "solid sphere’ idea of atomie structure

had to be changed. The new theory was known as the 'plum pudding modeal'. deliciows pudding
The plum pudding model showed the atom as a ball of positive charge with slectrons stuck in . @38

Rutherford Showed that the Plum Pudding Model Was Wrong

h
2)

3)

B R

seattering experimenis. They fired positively charged alpha particles at an extremely thin sheet of gold.
From the plum pudding model, they were sxpecting the parficles fo pase sfraight through the sheet or be
clightly deflected ot mvost. Thiz was because the positive charge of each atom was thought fo be very
spread out through the "pudding' of the atom. But, whilst most of the particles did go steaipht theough
the gold sheet, some were deflected more then expected, and a small number were deflected backwards,
8o the plum pudding model couldn't be right.

Rutherford came up with an idea fo explain this new Ao purtdes. — 0 gy Mot oFihe
evidence — the nuclear model of the afom. In thiz, there's are defected r L 'H'Imughm
a finy, positively charged nucleus at the centre, where hkﬁﬂi"ﬂ" — —% space, but a few
most of the mase is concentrated. A “cloud’ of negative are deflected

electrons surrounds this nucleus — so most of the atom is empty spece. When slpha partficles came

near the concentrated, posifive charge of the nucleys, they were deflected. If they were fired directly at
the nucleus, they were deflected backwards. Otherwize, they passed through the empty space.

Bohr's Nuclear Model Explains a Lot

1)

2)

3)

Bcientists realised that electrons in a "cloud' around the nucleus of an atom, as Rutherford described,
would be attracted to the nucleus, causing the atom fo collapse. Niels Bohr's nuclear model of

the atom suggested that all the electrons were contained in shells. mucleusmy, o g zhells
Bohr proposed that electrone orbit the nucleus in fixed shelle and aren't ,r'%_\"
anywhere in between. Each shell is a fixed distance from the nucleus. (4 [8:)3
Bohr's theory of atomic structure was supporied by many experiments . :‘-fmm

and it helped to explain lots of other solentists’ oboervations at the fime.

Further Expgri.ments Shnwed_the Existence_uf Protons

N

Further mqmri-nnr;{n by Rutherford and others showed that the nucleus can be dividad info smaller

parficles, which each have the same charge ag a hydrogen nuslens. These pu-H{_zlu_u;_m named profons.

The discovery of neutrons resulted in a8 model of the atom which was prefiy close to the modern day
accepted version, known as the nuclesr model (see page 96).

I wanted to be a model — but I ate too much plum pudding...
In science, other people’s work is constantly being built upon — increasing our understanding of 2 topic.

Q1
Q2

Deseribe the ‘plum pudding’ model of the atom. [1 mark)

Rutherford devised an experiment where alpha particles were fired through gold foil. Most of
the particles passed through the foil, but some were deflected by different angles, and some were even
deflected backwards. Explain why this disproves the plum pudding model. [2 marks]
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Electronic Structure

The fact that electrons cocupy "shells" around the nucleus s what causes the whole of chemistry.
Remember that, and waich how it applies to each bit of #. I¥'s ace.

Electron SI_agll Rt_lles. g G- oaes ha
1) Eectrons always occupy shells ag dingrams like this...
(sometimes called enerpy levels). e
2) The lowes! energy levels are always flled first / o ‘\(d
— these are the ones closest 1o the nucleus. Vi /,,---+5t~£;"d\_‘ \

3) Only 8 cerioin number of electrons are B LV W
allowed in each shell: [§X@ x ¥ |

Isishel: 2 2ndshell; 8 3rd ghell: 8 Lok w7
4) Atoms are much happier when they have full Y \\:‘* — S
elaciton shelis — like the noble gases \\ = xx/
In Group 0. " 3rd shell il Wling
B] In most afoms, the cuter shell ks not full and -..0r @8 numbers like this: 2, 8, |
thie makes the stom want o react o #l K. Both of fhe configurations above are for sodivm.

Follow the Rules to Work Out Electronic Structures

You ean easily work out the slectronic sfrucfures for the first 20 elements of the
periodic table (thinge get a b more complicated after that).

What is the electronic structure of nitrogen?

1) Mitrogen's atomic number is 7. This means it has 7 protons.. so it must have 7 electrons.

2) Follow the "Electron Shell Rules’ above The first shell can anly take 2 electrons and the
second shell can take a maximum of 8 electrons.

So the electronic structure for nitrogen must be 2, 5.

What is the electronic structure of magnesium?

1} Magnesivm's atomic number is 120 This means it has 12 protors_. so it must have 12 electrons.

2} Follow the ‘Electron Shell Rules” above. The first shell can only take 2 electrons and the second
shell can take a masimum of 8 electrons, so the third shell must also be partially filled.

So the electronic structure for magnesium must be 2, 8, 2

Here are some more examples of electronic structures:
H Hydrogen He mebum  Li tthivm C Cobon  Ne Neon Ca calsiun

o} ) B ) . ff:\;\‘ )
& & @ & @ {Qj

1 2 21 2.4 2.8 2,8.8,2
Protonno. =1 Prodonino. = 2 Prodohno. =3 Prodlonmno. = 8 Protonno. = 10 Protonno. = 20

The electronic structure of the fifth element — it’s a bit boron...

Electronic structures may seem a bit complicated at first but once you learn the rules, it a piece of cake.
And just like cake, you'll never regret going back for some more. Better gel practising.

Q1 Give the electronic structure of aluminium (atomic number = 13). [1 mark]
Q2 Give the electromic structure of argon (atomic number — 18). [ | mark]
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Development of the Periodic Table

We haven't alweys known as much about chemistry as we do how. Mo sirree.  Early chemists looked fo
try and understand patferns in the elements’ properties to get a bit of understanding.

In the Early 1800s Elements Were Arranged By Atomic Weight
Until quite recently, there were fwo obvious ways to categorise elaments:

1) Their physical and chemical properties. 2) Their atomic weight.

1) Remember, sclentists had ho ides of atomic struchre or of profons, -f
heutrons or electrons, so there was o such thing es atomic number to them. 2
{1t was only in the 20th century after protons and electrons were discovered i
that i was realised the elements were best arranged in order of atomic number.) 1
2) Back then, the only thing they could measure was atomic welght, and so the known elements
were arranged in order of sfomic weight. When this was done, a periodic patiern was hoticed in
the properfies of the elements. This is where the name ‘perodic fable" comes from — fa da...
3) Early periodic tables were not complete and some elements were placed in the wrong group.
Thiz is because elements were placed in the order of stomic weight and did not take into
account their properties.

GOERRLTL PR N Ry,
Pbeare: weight iz
eguivalent to what

= we now call “relabive

LRI ]

Dmitri Mendeleev Left Gaps and Predicted New Elements

1) In 1869, Dmitd Mendelesv overcame some of the problems of early periodic tables by taking 50 known
elements and arranging them into his Table of Elements — with varous gaps as shown.

2} Mendeleev put the elements mainly n

] SR order of afomic weight but did switch
H that order i the properfies meant H
Li Be ECNOF chould be changed. An example of this
Na Mg AlgpP oo can been seeh with Te and | — lodine
actually has a smaller stomic weight
K Ca® Ti VCMnkeCoMi CuZn® * AaBeBr |\ L ofier felluriuen as i hoe
RbSr Y ZrNbMo* RuRhPdAg Cdin 8nShTe | similar ez fo the elements in
CzBa* *TaW * Osle Pt AuHg Tl PhBi that group.

3) Gaps were left in the fable to make sure that elements with similar properties stayed in the same groups.
Bome of these gaps indicated the exstence of undiscovered elements and allowed Mendeleev to predict
what their properties might be. When they were found and they fiited the patiern H helped confirm
Mendeleev's ideas. For example, Mendeleev made really good predictions about the chembcal and
physical properfies of an element he called ekasilicon, which we know today as germanium.

The discovery of isolopes (see page 97) in the eady 201h century
confirmed that Mendeleev was correct fo not place elements in a strict
order of atomic weight but to also take account of their properties.
|zotopes of the same element have different masses but have the same
chemical properties so oecupy the same posHion on the periodic table.

You should come back to this page periodically...

Ahh more history... This is science at its best, discoveries building upon discoveries — all leading to the point
where you have to learn it. Mendeleey would be proud... of himself and you of course.

o1 How were elements classified in the early 1800s? [1 mark]

)2 Describe two changes that Mendeleey made to early periodic tables. [2 marks]
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The Modern Periodic Table

8o, as you've seen it fook a while to get o the periodic fable that you will (soon) know and love.
| presant to you a chemist's best friend...

The Periodic Table Helps you to See Patterns in Properties

I} There are [00ish elements, which all materials are made of.

2) In the periodic {able the dlements are lakd out in order of noreasing atomic (profon) number.
Arranging the elements like this means there are repeating patterns in the properties of the elements.
{The properfies are said fo cccur periodically, hence the name periodic table. )

3) I it wasn't for the periodic table organising everything, you'd have a heck of a job remembering all
those properties. [t's ace.

4) I's a handy tool for working out which elements are metals and which are non-metals.

Metalz are found to the left and non-metals to the rght. i

e o

= masg

=%mmh§

S T - R
b :

H5-103
? .

(z0a page W8] (sea paga 109) (00 page 110)

5} Hements with similar properties form columns.

8) These vertical columne are called groups.

7] The group number tells you how many electrons there are in the outer shell. For example, Group |
elements all have one electron in their outer chell and Group 7 all have seven electrons in their oufer
shell. The exception to the rule is group 0, for example Helium has two electrons in s outer shell.
This Is useful as the way atoms react depends upon the number of electrons in their outer shell. So all
elements in the same group are likely to react in a similar way.

8) W you know the properties of ope element, you can predict properties of other slaments in that group
— and in the exam, you might be asked to do this. For example the Group | elements are Li, Na, K, Rb,
Cs and Fr. They're all metals and they react in & similar way (see page 108).

9} You can alzo make predictions sbout trends in peactivity. E.g. in Group 1, the slements react more
vigorously as you go down the group. And in Group 7, reactivify decresses as you go down the group.

10) The rows are called periods. Each new pericd represents another full shell of electrons.

I'm in a chemistry band — I play the symbols...

Because the periodic table is organised into groups and perieds, it allows us to see trends in both reactivity
and properties. And this means we can make predictions on how reactions will occur. How neat is that?

ol Using a periodic table, state how many electrons beryllium has in its outer shell. [1 mark]
2  Chlorine reacts in a similar way to bromine. Suggest a reason why. [ mark]
3 Sodium readily forms 1+ ions. Suggest what ions potassium forms and explain why. [1 mark]
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Metals and Non-Metals

| ean slmost guarantes you'll touch something metsilic foday, that's how important metals are o modern life.

' Most Elements are Metals
I} Metals are elements which ean form positive lons when they react.
2} They're towards the bottom and to the [eft of the periodic table.

3) Most elements in the periodic fable are metals.
4) Mon-mefals are at the far right and top of the pericdic fable.

B) Non-mefals don't generally form posifive ions when they react.
D .-

The orange elements
are metals

The white slements
are non-matals

- The Electronic Structure of Atoms Affects How They Will React |

1) Atoms generally react fo form a full outer shell. They do his via losing, gaining or sharing electrons.
2} Metale to the lefi of the perlodic fable don't heve many slectrons to remove and metals towards the
bottom of the perodic table have outer electrons which are a long way from fhe nucleus so feel a
weaker atfraction. Both these effects means that nof much snergy s needed to remove the electrons

zo if's feazible for the elements o react o form positive jonhs with a full outer shell.

3) For pon-metsls. forming positive lons is much more difficull. This is as they are either to the rdght of
the periodic fable — where they have lots of electrons to remove fo get a full cuter chell, or fowards
the top — where the outer electrons are cloze fo the hucleus so feel a shrong alraction. s far more
foasible for them fo either chare or foin electrons fo get a full outer chell.

| Metals and Non-Metals Have Different Physical Properties

I} Al mefals have mefallic bonding which causes them fo have similar basie physical properties.
= They're strong (herd to bresk), but can be bent =
or hammered info different shapes (malleable). i

*  They're great at conducting heat and slectricity. o
+ They have high boiling and melfing poinfs. el sl il

2) As non-metals don't have metallic bonding, they don't tend o exhibit fhe .*‘“',:,;"1*r1-;r-;~r,,..J..J.,

A valiely of =

£

samé properties as metals. They fend fo be dull locking, Edﬁrmnmmmjh
more brittle, sren't slways solids at room temperature, %4y, 3nge of chemica) -
IJHHIIIJH|i|||||””“”_

don't generally conduct electricity and often have a lower density.

You can ‘rock out’ to metal, you can sway gently to non-metal...
Metals and non-metals are like chalk and cheese .. Though I hope there’s no metal in your cheese.
1 lodine generally reacts by forming negative ions. 1s iodine a metal or a non-metal? [1 mark]

Q2 State three properties of metals. [3 marks]

03 State whether metals generally form positive or negative ions. Explain why they
form these ions with reference to their position in the periodic table. [4 marks]
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Group 1 Elements

Group 1 elements are known as the alkeli metals. As metals go, they're praty resctive.

The Group 1 Elements are Reactive, Soft Metals

1} The alkali mefals are lithium, sodium, potassium, rubidium, caesium and francium.
2} They all have one eleciron in fheir outer shell which makes fhem
very reactive and gives fhem simfler properiies.
3) The alkali metals are all =ofi and have low densiiu,
4] The frends for the alkali metals as you go down Group | include:
*  [lnereasing reachivify — the outer electron i more easily lost as the

attraction between the nucleus and electron decreases, becausa the electron
i further sway from the nueleus the further down the group you go.

+  lowsr metting ahd bolling points.

S rmm i a1

Alkali Metals Form Ionic Compounds with Non-Metals .,

- |III||;I||1|r1|IHr|r,

; SAnnk :
1) The Group 1 slementz don't need much energy o loze their one outor 5 o worry, there's more on

R Compovnds. on it

slectron to form a full outer shell, so they readily form 1+ jons. T 1

2) Ws o essy for them fo lose thelr outer electron that they only ever react to form onie compounds.
These compounds are generally white solids that dissolve in water to form colourless solufions.

' Reaction with Water Produces Hydrogen Gas

1) When Group 1 metals are put in water, they react very vigorously,
2} The more reactive (lower down in the group) an alkali metal s, the more violent the reaction.
3) Lihium, sodium and potassium flost and move around the surface, fizzing fudously.

4} They produce hydeogen. The amount of energy given out when they react increases down
the group. For potassium and below in the group, there's enough energy to ignite hydrogen.

5} They aleo form hydroxides SELILRTRRT LTI Ly,
that dissolve in water fo QHam +2Hnﬂw e MHW = Hﬁm.‘_& The ather Group 1

give alkaline solutions. goditm + water — sodium hydrodde + hydrogen 3 mh‘ "“r jn:msi:til:;afaf. :
I-:"?'I'lllll.lll||||I'||l'|"

IRRREA)

Reaction with Chlorine Produces a Salt

1) Group | metals react vigoroush) when heated in chlorine ges 4o form white sslis ealled metal chloddes.
2) Asyou go down the group, reactivily increases ONa 4 oN
so the reaction with chlorine gets more vigorous. i - !mw!i 3 i

Group 1 Metals React with Oxygen AT TR P LR b i

= The reactions with axygen are wiy z

The Group | metals can react with oxygen to form a metal oxide. = Group 1 metals tamish in the air -— =

Different types of oxide will form depending on the Group 1 metal. = the metal reacts with copgen in the -

= air to form & dull metal cade bayer. =

= Lithium reacte to form lithium oxide (Li 0}). S ek
= Bodium reacts to form a mixture of sodium oxide (Na,0) and sodium peroxide (Na 0_).

= Pofassium reacts to form a mixture of potassivim peroxdde (K,0,) and potassiumn superosdde (KO,).

Back to the drawing board with my lithium swimsuit design... ;
Reactions of alkali metals need safety precautions, but they fizz in water and might explode. Coal. P4
Q1 Write a word equation for the reaction between lithium and water. [1 mark] Q1 Vidoo

2 Explain the trend in reactivity as you go down Group 1. [2 marks]
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Group 7 Elements

The Group 7 elements are khown as the halogens. The whole "frend thing' happens with the halogens
82 well — that chouldn't come as a surprize.

The Halogens are All Non-Metals with Coloured Vapours
Fluorineg is a very reactive, polsonous uellow gas.

Chiorine is a fairly reactive, polsonous dense green pas. T @k %

Broming is a dense, poisonous, red-brown volafile liguid.
loding ie a dark gray erystalline solid or a purple vapou. “ m ~
They all exict as molecules which are pairs of sfome.

Learn These Trends:

As you go DOWN Group 7, the helogens:

1} becomes LERS REACTIVE — #'s harder o gain
an extra electron, because the outer shell's

Compp S Croap® fromp P

1_v.|||-||l|'|H||||'|l|Il.I11rl,
Yo can wse these trends to =

RS

For example, you bnow that. =

further from the nucleus. X iode will hawe 2 higher =

= builng peint than chlotine a5 —

2) have HICHER MELTING AND BOILING POINTS. ifs Rurther down the groupm =
£ wble =

3) have HIGHER RELATIVE ATOMIC MASSESD. / ;”””tf‘:mﬁﬁ...m.m'-

Al the Group 7 elements react in similar ways, This is l
because they all have seven electrons in thelr outer shell.

Halogens can Form Moelecular Compounds

Halogen atoms can share elecirons via covalent bondng (see page 115) with other hon-metals so as fo
achleve a full cuter shell. For example HCl, PCIL, HF and CCl, contain covalent bonds. The compounds
that form when halogens react with noh-metale all have simple molscular structures (see p.l8).

| Halogens Form Ionic Bonds with Metals
1} The halogens form |- jons called halides (F-, €1-, Br-and 1)
when they bond with metals, for example Na*Cl- or Fe™'Br.
2} The compounds fhat form have jonic struciures.
3) The diagram shows the bonding in sodium chloride, NaCl.

More Reactive Halogens Will Displace Less Reactive Ones |

A cah occur between a more reactive halogen and the salf of a less reactive one.
E.g. chlorine can displace bromine and iedine from an aqueous solution of its salt (a bromide or jodide).
Bromine will also displace lodine because of the frend in reactivity.

cl, gas [T e
Cl, + 2K, — L + 2Kcl e e
Pale green Brown o
Byt IR <3 R K : ming |
Palramm G’wl g

Halogens — one electron short of a full shell...
Group 7 elements that are higher up displace those that are lower down in displacement reactions. Soif
you think of displacement reactions like boxing matches, fluorine would be the heavyweight champion.
Q1 Give the balanced symbol equation for the displacement reaction
between broming and sodium iodide.
02  Why do Group 7 elements get less reactive as you
go down the group from flucrine to iodine?

[1 mark]

[3 marks]
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Group 0 Elements

The Group O elements are known as poble pases — stuffed full of every honourable virfue.
They don't react with very much and you can't even see them — making them, well, a bit dull really.
Group 0 Elements are All Inert, Colourless Gases

1} Group O elements are called the noble g.sr.aes and include the elements halivm,
neon and argon (plus a few others).

2) They all have eight electrons in their outer energy level, ;TU II-LrI:::r::J; L;;:;;;J,:,L';‘L’E; e T
apart from helium which has two, giving them a :Sﬁﬂ.*hdml}-mdszhbgﬁm =
full outer-shell. As their outer shell is energetically ”“"”"'“'”'“'“”””“‘C/
stable they don't need to ghve up or poin electrons to become more stable.

This means they are more or less inert — they don't resct with much at all. /

3) They exief as monalomic pases — dngle stoms ol bonded to sach other. /

4) Al elements in Group O are colourless pases st room temperatura.

5} As the noble gases are inert they're non-flarmable — they won®t set on fire. (

There are Patterns in the Properties of the Noble Gases
1} The boiling points of the noble gases increase as you move down
the group along with increasing relative atomic mass.

Noble Cas 2} The increase in bolling poind ke
helium due to an increass in the number
of glectrons in each stom leading

heoh o grester infermolecular forces T
argon b:;:u!'n.g betwean them which need to ,,.,&:: :':.u r.‘:a:n't
o g poirt be overcome. There's more on have to learn ths
intermolecular forces for small ane..

modecules on page 118,

radon

3) In the exam you may be given the boling point of one noble gas and asked fo
estimate the value for anofher one. 8o make sure you know the pattern.

ﬂ!m
_ Meon is a gas at 25 % Predict what state helium is at this temperature.

Helium has a lower boiling point than neon as it s further up the group.
So, helium must also be a gas at 25 "C.

Radon and krypton have boiling points of —62 "C and —153 "C respectively.
Predict the boiling point of xenon.
Xenon comes in between radon and krypten in the group so you can predict that its
boiling point would be halfway between their boiling points: (—153) + (—62) = 215
=35 + 2= 1075 =-108 "C

So, xenon should have a boiling point of abeut —108 °C. 2' 1"\ LL%L;';::.J;“!“.L' '1’5,13'1,5":

- just as predicted Mleat! 1
":“JI”J'H'I”'IHH'H”I||J|I|I”:|II'|'I":L

o 'H'lI-E O

Arrrgon — the pirate element...

As noble gases don’t really react there isn't too much to learn about them. If you understand why they are
unreactive and the trend in boiling points as you go down the group you're sorted.
Q1 Does xenon of neon have the higher boiling point? [} mark]

Q2  Arponis very unreactive. Using your knowledge of its electronic structure, explain why, [2 marks]
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Revision Questions for Topic C1

Topic C1 — finished. But hold on there my friend, don't rush on fo AR L LR LT
Topic €2 just yet. There's one more thing for you to do...

+  Try these questions and tick off esch one when you get it ripht.
*  When you're completely happy with a sub-fopie, fick it off.

Retrieval Cher for Topic €1 =
--ju:t:-:an'ﬂ'u':qﬁ‘.md-l:' =

S
Spd PO R L AR g gy

\‘\|III|||..

Atoms, Elements and Compounds {p.96-99) D
1) Sketch an stom. Label the nucleus and the electrons.
2} What = the charge of a proton?
3} True or Falsa? Elements contain more than one fype of atom.
4} BGive the formula for:
a) Carbon dioxide b) Bodium carbonate
5] Balance these equations:
a) Mg + 0, — Mg0 b) H,80, + NaOH — Na 80_+ HO
Mixtures and Separation (p.100-102)
B8} What is the difference between a compound and a mixture?
7) What i= the name of the pattern formed from carrying out paper chromatography?
8) Which method of separafion i useful fo separate an insoluble solid from a lkquid?
9} Give the hame of 8 method to separate a soluble solid from a liquid.
10} Which method of distillation would you use to separate liquids with similar boiling poinis?

Electronic Structure and the History of the Periodic Table (p.103-106) [ |
1) Who discovered that the plum pudding model was wrong?

12} Who first devised an experiment that proved the existence of the neutron?

13) What iz the electronic structure of sodium?

14) Why did Mendeleev leave gaps in his Table of Elements?

Groups of the Periodic Table (p.10I-110) |:]

15) How are the group humber ahd the humber of electrons in the outer chell of an element related?
18} What kind of ione do metals form?

17) Where are non-metale on the perodic table?

18) Biate three frends as you go down Group 1.

19) Btate the products of the reaction of sodium and water.

20) How do the bolling points of halogens change as you go down the group from flucrne o astatine?
21) What iz the charge of the jons that halogens form when they react with metals?

22) Predict whether lodine iz displaced by chlodne ih a solution of potassium iodide.

23) What iz the trend in boiling point as you go down Group 07

Fﬂfﬂ!ﬂm\lpmﬁ'}‘d‘ki
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Formation of Ions

long crop up all over the place in chemistry. You're gonna have to be able to explain how they form and
predict the charges of simple ions formed by elements in Groups 1, 2, 6 and 7. You'd better get on...

Ions are MadeWhen Electrnns are Transferred
1} Inhnmd_'ﬁ_ﬂ@pﬂﬂnﬁm fhagmbagﬁ [ng €r) or groups of atoms (e.g. NO_).

2) hTmmﬂrnatmuurgdhuhcimnnmfmrndehag’mm e LR EE ]
= Remember that the rl:!Hr % ATE T

to do iz get a full outer shell like a noble gas (elso called a = "in Group O of the &t -
"etable electronic structure™). Atoms with full outer shells are very stable. e NN

3) When metals form bons, they lose electrons from their cuter shell fo form posifive ons.
4) When non-metals form jons, they gain electrons into their cuter shell to form negative lons.

5} The number of elecfrons lost or gained is the same as the choege on the jon. E.g. If 2 electrons are ost
the charge iz 2+. W 3 elecirons are gained the charge iz 3.

Groups 1 & 2 and 6 & T are the Most Likely to Form Ions
1) The elements that most readily form jons are fhose in Groups 1, 2, Band?.

3) Grcrunﬂ and?derngnfs mmn—rrﬁals. Tl'mugrlldm-!mm e form negative lohs (anons ]._
4) You don’l have fo remember what jone most slemenis form — nope, you just look at the periodic fable.
E) Hements in the same grou gdlhmﬂmmmﬁwduuiwdmfm ﬁnﬂwmmlmeurgmh

Group | elements Group 2 elements Group B elements Group 7 alarnnnis
form 1+ ions. form 2+ jons. form 2- lons .gufm'rn =

N [H]
Li | Be BiC|N|D
Mo Mg ﬂﬁPsuk
K |a] 8c| 7 | v | Cr [Mn] Fef o M | cu 20| 6a e | As| Be| Be|
bl 8| ¥ | 2r |1 iMo] Te | rul | P Ag 2| i | 0| 36| e | 1 | e
Cs|Ba| La | HF| To | W | Refos] I | Pt ulHg] 1 | pb| B | Pol | !
Irrhslcmuh%u:ihimnnnd! l

+ A sodiyn stom (Na) iz in Group | so i joses 1 eleciron o form 8 sodium fon (Ma™)
with the same electronic structure as neon: Na — Na® + e,

+ A magnesium stom (Mg) ie in Group 2 eo i loses 2 electrons 1o form a magnesium
ioh (Mg?*) with the same elecironie shrueture as neon: Mg — Mg®* + 2e,

+ A chlorine atom (Cl] fs i Geoup 7 so it gains 1 eleetron fo form a chleride jon (CF)
with the same electronic structure as argon: €l + e — O

+  An oxygen afom (0] iz in Group B oo B gains 2 electrons o form an oxide lon
lmﬁmhmmmmﬂw D+ 2o — 0% R PR AR AR AP ERER N

= Hawe a look back at page 104 for

= hhew ko work cut electronic struckures. =
Fplp t v ks S e b P gL

I've got my ion you...

Some elements like to pain electrons. some elements like to lose electrons, but they all want to have a
full outer shell. Poor little electron shells, all they want in life is to be full...

Q1 Explain why simple ions often have nobla pas electronic structures. [2 marks]
02 Predict the charges of the ions formed by the following elements:
a) Bromine {Br) b) Caleium (Ca) ¢} Potassium (K) [3 marks]
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Ionic Bonding

Time to find out how particles bond fogether to form compounds [bet you can't wait). There are three
tupes of bonding you nead to know shout — jonic, covalent and metallic. First up, #'s fonic honds.

Ionic Bonding — Transfer of Electrons |

Whmnmtﬂlﬂhdnhm-mniﬂlmmﬁuﬂuﬂw the metal stom loses elecirons fo form a positively charged

BT pae electrons to form a negatively charged ion. These oppositely charged lons
are r_igmaﬂranfndhmmﬂlharhgﬂhﬂhﬂsﬂnﬂehm This atiraction is called an fonic bond.

Dot and Cross Diagrams Show How Ionic Compounds are Formed .

Dot and cross diagrams show the arrangement of electrons in an atom or lon. Each eleciron is represented
by & dot or a cross. Bo fhese diagrams can show which afom the electrons in an jon orginally came from.

Bodium Chioride {Nall) + (.,\. -
The sodium atom gives up s outer @ -P} |:} Ly
electron, becoming an Na* jon. = - R”"""“’“"fﬁ:ﬂ 2
chiorine atom the electron al Ma® C  ~ out how many ¢ =
Mﬂﬁ@ﬁkﬂiw’m 2.8,7 28 2,88 = anatom wil gainor lext =
chlonne atom sadbumn ion chloride fom = from hgrwpmmbﬂf ~

s
HI'II.III-HiII'lIHI'HII

AR RRATTET TR TA P I RED IR TR LIV R R TL LY
Here, the doix upr:smlﬂ"l: Inda electrons and the crosses

':' = ¢1I1|.|||.I1II11I'I|I-|JI-1|Iu|.nl-1ll|rl1|r..-

= represent the O electrors (all electrons are reaffy identical, - = Here we've anly shown the outer shells of =

= but this is a gocd way of lollowing their movement]. = = eectrons on the dot and ooss diagram — it =

rFIHJ|1|.1u|1||rsur|HLlrl.nuulrl.nrﬂllln'-" = makes it much simpler to see what's geing on. =
’-'Hlanll.JrLlll.HlH!Inlrllululll.'-“

Magnesium Oxide (Mg0) 2+ 2

Rormegmns ()@ = W (O

B e i w oo

Mg*' ion. The oxygen picks up z.az 28 28

mwm?@}m- magnesium atom u.urgena}.nm magresum ion oadde on

pzmmer OA0O-( K Q)

an Mg?* jon. 'I'Im-iwu chlorine

L Mg O
mmm“pmmm z.&z 2,87 za.s 2,8 288
jum atnm chlorine atom chloride on jum ion  chlonde ion

Sodium Ouide (Ne O] -3
Two sodium atome each give /ﬂ_:ﬁ ; wl lh+
up thekr single outer electron,

ng i B - ha O fula® o [a*
ﬂmsxggmnhn—-plﬁmupihnﬂgm 181 46 2, B 2.8 L8
Mm* bm“hﬂ an f—}d- ion. wnifium atom coygen atom socdivm bom . ooode ion soidurm jom

Dot and cross diagrams are useful for showing how lonic compounds are formed, but they don'i show the
structure of the compound, the size of the lons or how they're srranged. Buf hey-ho — nothing's perfect.

Any old ion, any old ion — any, any, any old ion...

You need to be able to describe how ionic compounds are formed using both words and dot and
cross diagrams, [t pets easier with practice. so here are some questions to get you started.

Q1 Drescribe, in terms of electron transfer, how sodium (Na) and chlorine (CI)

react to form sodium chloride {NaCI). [3 marks]
Q2 Diraw a dot and cross diagram to show how potassium (2 Group | metal) and bromine
{a Group 7 non-metal) form potassium bromide (KBr). [3 marks]

Topic C2 — Bonding, Structure and Properties of Matter
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Ionic Compounds

I'd take everything on this page with a pinch of sali i | were you... Ho ho ho — | jest, H's important really.

= cha icns & ionic bonding.

2) The jons form a closely packed regular latfice arrangement and there are very ”u.u:ﬁruuuummr?m
strong electrostatic forces of aHraction between oppostely charged jons, In all directions in the laHice.

. Ionic Compounds Have A Regular Lattice Structure | e Ui LY —ffE
1) lonic compounds have a structure called a giant ionic latice. = between the cppositly =

A single crystal of sodium chloride (able salt) is one giand ionic lathice. The Na® and £ ions are held
iogether in a regular latice. The lattice can be reprasented in different ways...
: Lt Ma’ Thas s a ball and stick model
;rh"::;'ﬂ:;l ::::;T:l as the = e It shows the regular pattern of an’ ionic
regudar pattern of an forec crystal, and shiows how all the ions are
but it only beis you see the outer ﬁkhh‘,/cl arranged. [tl}snsuggﬁlsﬂutﬂ'lg_
layer of the compound. ] il a’ ﬂ]!.'t.ul. exterids beyond 'nh;nt's shawn in
L LT F A s Ma ¥ - 'ﬁkdﬂg’mﬂkmﬂm‘thmﬂe
= hake sure you learn whal = gl : ﬂm#‘hmﬂunﬁtﬂm:ﬂfﬂw.mm
E the strudure of sodium . i i Ma = ) nn]rﬂhmﬁhu,mu_ahm
= chloride loaks like. 2 'h oF @ =ha = there arar’t gaps bebween the jons:
)

f||||n|||.|||.|1'|lnul'-

Ionic Compounds All Have Similar Properties

1) They ell have high melfing points and high boiling points due to the many strong
bonds between the jons. | takes lofs of energy fo overcome this attraction

2} When they're solid, the lons are held in place, so fhe compounds

can't conduct electrcity. When jonkc compounds melf,
the jone are fres to move and they'll carry elecirc charge.

3) Bome lonic compounds dissolve in water. The lons separaie
and are all free fo move in the solution, so theyll carry electric charge.

Look at Charges to Find the Formula of an Ionic Compound

Q) Wit's adol sl cross disgram, count up how many atoms there are of sach elesent.

Write fhiz down to give you the empircal formula.
3) W you're given a 3D diagratm of the jonic lathice, uze H to work out what lons are in the lonie compound.
4) You'll then have to Lalance the charges of the ione so that the overall charge on the compound is zero.

What's the empirical formula of the ionic compound shown on the right?

1) Look at the diagram to work out what The compound contains potassium
ions are in the compound and oxide ions.
2} Work out what charges the ions will form.  Potassium is in Group 1 so forms 1+ jons.
3) [Galance the charges so the charge of the Omygen is in Group & so forms 2— jons. O
empirical formula is zerc. A potassium ion only has a 1+ charge, so you'll @
need two of them to balance out the 2— charge
of an oxide ion.  The empirical formula is K.O.

Giant ionic lattices — all over your chips...
Here’s where you can get a little practice working out formulas for ionic compounds.
)1 The structure of an ionic compound is shown on the right.
a) Predict, with reasoning, whether the compound
has a high or a low melting point. [2marks] & - ke ion
b) Explain why the compound can conduct electricity when molten. 1 mark] g - g
¢} Use the diagram to find the empirical formula of the compound.  [3 marks]
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Covalent Bonding

Bome elements bond lonically (see page 113) but others form strong covalent bonds.
This iz where atomes ghare electrons with each other so that they've got full oufer shells.

Covalent Bonds — Sharing Electrons

1) When non-metal atoms bond together, they shore pairs of electrons fo make covalent bonds.
2] The positively charged nucloi of the bonded atome are attracied to the chared pair
of electrons by cectrostafic forces, making covalent bonds very strong.
3} Atome only chare electrons in their outer shells (highest enhergy levels).
4) Each single covalant bond provides one exirs shared electron for each atom.
5} Each atom involved generally makes enough covalent bonds o 6ill up ifs outer shell.
Having a full outer chell gives them the electronic structure of a noble gas, which is very siable.

8] Cowvalent bonding happens in compounds of non-metals (e.g. H,0) and in non-metal elements (e.g. C).

- There are Dit’ferentWa]rs of Drawing Covalent Bonds

I} You canh use dof and cross disgrams fo |
show the bonding in covalent mmpmmﬁ'"’i"“h““‘“ Lo e

AETTLIRRTILINEIN Ty,
Yo don't have to

Shﬂﬂg E draw the orbitals n Z

2) Electrone drawn in the overlap between { | covalent bond: = thee diagrams. The =

the outer orbitale of two atoms are @ "‘"-'-ﬂl- = important thing = =

shared between fhose atoms. o : N ® H- that you get all the =
3) Dot and cross diagrams are useful for @,x @ @ = d::.::}ﬂu;:““ :

showing which afoms the electrons in a : R R T

covalent bond come from, but they

don’t show the relative sizes of ..mﬂm&dﬂ!ﬂ‘hﬂnhmnmdmfbﬂrﬂ;

the atoms, or how the stoms to make up the extra thres electrons needed.

are grrenged in space.

e B 2™ The displayed formula of ammonia (NH,) shows

band_ H the covalent bonds as single lines between atoms.

E) This iz a great way of showing how atoms are connected in large
H—N—H molecules. However, they don't show the 30 siructure of the molecule,

ot which atoms the slectrons in the covalent bond have come feom.

8) The 3D model of ammonia shows the sloms, fhe covalent bonds and their
grrangement in space next fo each other. But 3D models can quickly get
confusing for large molecules where there are lots of afoms to include.
They don't show where the electrons in the bonds have come from, sither.

7] You can find the molecular formuls of a simple molecular compound from any
of theze diagram by counting up how many stoms of sach element there are.
O A R YR A PR AR TR RN AT
— A molecuar formula shows you bow many =
.ﬁ.diaﬂm nfthamnhuuhaﬂ]mhﬂmm - atormns of each element are = 2 molecule ;
thi rights 1en-th dingeaim t el the O R RN AR F RN RETRT IR
molecular formula of ethane. 'E' rl-l
In the diagram, there are two carbon atoms and six H_‘%_'(]‘-_H
hydrogen atoms. 5o the molecular formula is CH,_. H H

Sharing is caring...

There’s a whole page of dot and cross diagrams for other covalent molecules yet to come, but make sure
you can draw the different diagrams that can be used to show the bonding in ammonia on this pape first.

Q1 Draw 2 dot and cross diagram to show the bonding in a molecule of ammonia (NH,).  [2 marks]
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Simple Molecular Substances

Theze molecules might be cirple, but you've sfill gotta know about them. | know, the world iz a cruel place.

Learn These I:xamp.les of Simple Molecular Substances

Simple molecular substances are made up of molecules containing & few stoms joined together
by covalent bonds. Here are some common examples that you should know...

Hydrogen, H,
Hydrogen atoms have just cne electron. They only
nead ohe more fo complete the first shell...

Chilorine, Cl,
Each chiorine atom needs just one more

do{:lmniumzrpiarluﬂmnuhrd’di

B S P ovre
.' @ & @ i covalent bonds, either with ' @ IE @ : 5 it

\ Y, . ofher hydrogen atoms or with | ;

5 4 *  other elements, 1o achieve this. a single covalent bond.

e

o Nitropen, N_
Each oxygen atom needs two more electrons o lﬂ!mgmﬂun—mmdﬁ!‘_
complete s outer shell.. — ; mmm
x"'"_-_'*- 5 ‘.' ..80 In xygen gas wo f g@ =slmﬂrgemisofdm
@ @ | = { H ; 1o fill their outer shells.
d““iﬂMm“'“ " mh“d'" m'm“ . This creates a iriple bond.
. > #* making a double covalent bond.
=== Water, H O i
P In water molecules, the oxygen |
athane, CH /! )
Methane, CH, @ shares a pair of eloctrons with |~',@.
Carbon has four outer alectrons, ,u,_- +wo H stome fo form @*‘ ((5"@
which ie half a full shell. 2 fwo single covalent bonds. = | | ¥
It can form four covalent bonds | @‘: @ @ .
with hydrogen atoms to Ml up N Hydrogen Chioride, HCl
Hﬂm:ﬁfI”“””H”“”II"”“’_; | This is very similar to H, and CI,.
> ko draw the dot =

Make mwure you ran o
and cross -}wag'am Q"‘mm NH? o7

the preaous. page
rmﬁﬁfﬂluuunnnnl|'|

Again, huihnfmmnhhnmd
ohe more sleciron fo complete
their outer shells.

® o}

RTSRLEL

Pruperﬁes of Simple Molecular Substances

1) Eul:ﬂimm mnhHrg covalent bonds usually have
e sfures, like the axamples above. Wk bteerocioovter firose
2) ﬂea{mwﬂﬂn-&hnnﬂhﬂjmmhddh&ﬂmw
wery strong covalent bonds. By contrast, the forces of
atrachion between theze molecules are vory weak.

® o€ &
3) To melt or boil a simple molecular compound, you only need to Chiorine @@m

break these feeble intermolecular forces and not the covalent bonds. So the melting and

boiling points are very low, because the molecules are sasily parted from each other.
4} Most molecular substances are or liguids at room femperature.

E) Az molecules get biggor, the strength of the intermolecular forces jnoresses, so
miore energy ks heeded fo break fhem, and fhe melting and bolling points increasze.

8} Molecular compounds don't conduct electricity, simply because they
aren’t charged, so there are no free electrons or ions.
May the intermolecular force be with you...
Mever forget that it's the weak forces between molecules that are broken when a simple molecular substance melts.
Q1 Explain why oxygen, O, is a gas at room temperature. [ mark)
(02 Explain why nitrogen, N, doesn’t conduct electricity. [ mark]
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Polymers and Giant Covalent Structures

Wouldn't # be simply marvellous i only simple molecular substances had covalent burdﬂ. and i was nhow fime
to put your feet up? Well if's not like that. Polymers and gia valent substances

Polymers Are Long Chains of Repeating Units

1} In a polymer, lote of small units are linked fogether fo form a long molecule thet has repeating sections.
2} Al the atome in a polymer are joined by strong covalant bonds,
3} Instead of drawing out a whole long polymer
milecule (which can confain thousands or even This pobpmer is called The bonds through the
millions of atoms), you can draw the ghorfest polyicthenc]. H H brackets join up to the

repeating section, called the repeating unit, like this: _I e
4) To find the molecular formula of a polymer, E ' i a large numbser.
The bit in brackets Bt tells that the upit's
write down the molecular formula of the L oaton o - J’”‘“hhu”mﬂ

repaating unit in brackeis, and put an 'n' outside.
5) Bo for polylethene], the molecular formula of the peolymer is (CH,) .

&) The intermolecular forces between polymer molecules are larger than
between simple covalent molecules, so more energy is needed fo break them.
Thiz means most polymers are solid &t room temperature.

7] The infermolecular forces are sfill weaker than jonic or covalent bonds, so they
generally have lower bolling points than lonie or glant molecular compounds.

Giant Covalent Structures Are Macromolecules

1} In giant covalent structures, ol the atoms are bondad to sach other by sirong covalent bonds.
2) They have very high melting and boiling pointe as lois of energy is

neaded o break the covalent bonds between the atoms.
3) They don't contain charged particles, so they don't conduct slectricHy — not even when

malten (except for a few weird exceptions such as graphite, see hext page).

4) The main examples that you heed to know about are dismond and graphite,
which are both made from carbon aioms only, and silicon dioxide (silica).

Graphita: Bilicon dim:ida:;

Each carbon afom forms three Bometimes called sifics, this s
four covalent bonds in 8 very covalent bonds o create layers of  what sand is made of. Each
rgid giant covalent structura. hexagons. Each eatbon atom alese  gralh of sand ie ohe gland

'ﬁ:;llﬁ:.ﬂé:b:ﬁﬁ"ﬂ has one delocslised (froa) electron.  structurs of silieon and ooygen.

: anplﬂq.aswdmnlﬁnrtjpﬂnf _— Aachron:
:J_carbunmrl.ml}'!mtw.:_ ATee ecton, a@
FEEPTR LA L VR g R T LRl et -aq
What do you call a vehicle made of sand? Sili-car...
To melt or boil 2 simple molecular substance or a polymer, only the weakish intermolecular forces need
to be broken. To melt or boil a piant covalent substance. you have to break very strong covalent bonds.

31 The repeating unit of poly{chloroethene) is shown on the right. €1 H

What's the molacular formula of poly(chloroethene)? _'!,_F ! [1 mark]
o2 Predict, with reasoning, whether diamond or poly(ethene) f.] ([:"
has a higher melting point. [3 marks)
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Allotropes of Carbon

Allotropes are differant structural forms of the same element in the same physical state. Carbon's got lots...

Diamond is Very Hard

1) Diamond has a giant covalent struchere, made up of carbon atoms
that each form four covalent bonds. This makes dismond realiy hard.

2) Those strong covalent bonde fake a lot of energy to break
and give dismond a very high melting poind.
3) W doesn't conduet sleciriciy because it has no free electrons or fone.

Graphite Contains Sheets of Hexagons

1) In graphie, each carbon atom only forms three covalend bonds,
creating cheets of cerbon atoms arranged in hexapgons.

2) There aren't any covalent bonds between the layers — they're only
held together weakly, so they're free fo move over each other. This
makes graphite zoft and slippery, so H's ideal as a lubricating material

3) qu:l'l-!&ngniahtﬂl'_n mipglm the eovalent bonds in the layers heed loads of energy to break.
4} Only three out of each earbon's four outer elecirons are used in bonds, so each carbon atom has one
glectron that's defocaliced (fres) and can move. So graphite conducts electricHy and thermal energy.

Graphene is One Layer of Graphite

Graphene iz a sheef of carbon afoms joined together in hexagons.
The choet iz just ohe stom thick, making it a two-dimensional substance.
The network of covalent bonds makes i very slrong. s also incredibly lght,

go coh be sdded to compoche materiale to improve their strength wihout adding much weight.

Like graphife, it contains delocalised elecirong so can gonduct electricity through the
whole structure. This means i has the potendial o be used in elecironics.

Fullerenes Form Spheres and Tubes Buckminsterfullerene was the

1) Fuﬂar_m;! are molecules of carbon, first fullerene to be discovered.
chaped ke closed tubes or hollow balls. s got the molecular formula

2) They're mainly made up of carbon atoms £, and forms a hollow sphere.
arranged in hexagons, but cen aleo contain
pentagons (rngs of five carbon atoms) or heplagons (rings of seven carbon atoms).

3) Fullerenes can be used to 'cage” other molecules. The fullerene structure forme arcund another
atom or molecule, which is then frapped inside. This could be used to deliver a drug into the body.

4} Fullerenes have a huge surface ares, so they could help make great industrisl catalysts — individual
catalyst molecules could be attached fo the fullerenes. Fullerenes alzo make great lubricants.

Fullerenes can form nanotubes — Hiny earbon cylinders.

The ratio between the length and the diameter of hanotubes is very high.
Nanotubes can conduct both electricity and fhermal energy (heat).

They slso have a high tensile strength (they don't bresk when they're strefched).
Technology that uses very small particles such as nenotubes is called nanctechrology. Nanotubes can be
used in m or to sirengthen materials without B'Iidhﬂ much m. such as in tennis racket frames.

Greetings in the Caribbean — they’re ‘allo-tropical...
Before you go on, make sure you can explain the properties of all these allotropes of carbon.
1 Give three uses of fullerenas. [3 marks]
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Metallic Bonding

Ever wondered what makes mefals fick? Well, either way, this iz the page for you.
| I_\_'[Et:lliiﬁ Enmﬁr_ng Involves Dé_iocaiiseﬂ Electrons

1} Meials also consist of a giant structure.

2} The electrons in the oufer shell of the metal stoms are defocalised (free to
mowve around). There are sirong forces of elechrostatic stiraction befween
the & mefal lons and the shared negafive electrons.

3} These forces of atiraction hold the aloms together in & pegular structure
and are known sz mefallic bonding. Metallic bonding is very strong.

: . @*@ - :
4) BQubstances that are held together by metallic bonding include metallic elements and alloys (see below).
E} W's the delocalized eloctrons in the metallic bonds which produce all the properfies of metals.

Most Metals are Solid at Room Temperature

The electroctatic forces between the metal atoms and the delocelised
sen of electrone are very sirong, 80 need [ofs of snerpy to be broken.
Thie means that most compounds with metallic bonds
have wery high melting and boling points, so they're
generally solid af room temperature.

. i . i &
Metals are Good Conductors of Electricity and Heat |

The delonplized electrons carry electrical charge and thermal (heat) energy through the
whole siructure, 2o metale are good conductors of electricty and heat.

Most Metals are Malleable |

The layers of afoms in 8 metal can gﬂg-mmhmm,mmmdﬂ malleable ey
—ihiammﬂmiﬂlagnanhahtiriurimrmmmdurmmhmﬂarshae’rs.—-—-’ B o e

Alloys are Harder Than Pure Metals

1} Pure metals offen aren't quite right for certain jobs — they're often foo sofi
when they're pure so are mixed with other metals o make them harder.
Mast of the metals we use everyday are alloys — a mikfure of two or more metals
or a metal and snother element. Alloys are harder and so more useful than pure metals.

2} Different elements have different sized sfoms. 8o when another eletment iz mied with a
pure matal, the new metal atoms will distort the layers of metal atoms, making it more (0
difficult for them to slide over each other. mnnﬂkmdhgahudﬂfﬂm“nmmd o,

I saw a metal on the bus once — he was the conductozr...
If your knowledge of metals is still feeling a bit delocalised, the questions below will help...

Q1 Copper 15 a metallic element. Describe and explain what property of copper
miakes it suitable for using in electrical circuits. [2 marks]

Q2  Suggest why an alloy of copper, rather than pure copper. is used to make hinges for doors. [1 mark]
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Metallic Bonding

Ever wondered what makes mefals fick? Well, either way, this is the page for you.

Metallic Bonding Involves Delocalised Electrons

1} Metals aleo conglet of a giant sfruciure.

2} The electrons in the puter shell of the metal stoms are delocalized (free to
move around). There are sirong forces of slectrostatic atraction between
the posiive metal lons and the shared negafive slectrons.

3) These forces of straction hold the atoms together in a regular structure
and are known e metfallic bonding. Metallic bonding iz very strong.

4) Bubstances that are held mgnﬂmrhdmu!dﬂn bonding Iindudn MEMBMM (see below).
E} It's the delocalized eectrons in the metallic bonds which produce gll the properties of metals.

Most Metals are Solid at Room Temperature

The electrostatic forces between the metal atoms and the delocalised
sea of elecfrons are very sirong, so need ols of energy to be broken.
This means that most compounds with metallic bonds
have very ..ighn-alﬁngam:lhnﬂh—:gpﬂhh. so they'ra

| Metals are Good Conductors of Electricity and Heit [

The delocalized slectrons carry electrical charge and thermal (heat) energy through the
whole structure, so metals are good conduciors of electricity and heat.

_ Most Metals are Malleable

The layers of atoms in a metal can slide over each other, making metals malleable i r' 1L1) ‘Frﬂ
— this means that they can be bent or hammered or rolled into flat sheads, _——#

.E.;lo?s are Harder Than Pure Metals

1) Pure metals often aren't quite Aght for certain jobs — they're often foo sofi
when they're pure so are mixed with other metals to make them harder.
Most of the metals we use everyday are alloys — a mixture of two or more metals
or a metal and ancther element. Alloys are harder and so more useful than pure metals.

2} Different elements have different sized afoms. So when another elemend ke mined with &
pure metal, the new metal atoms will distort the layers of metal atome, meking # more (Y B
difficult for them to slide over each other. msmkmdhgnhudmﬂmmm‘-’

I saw a metal on the bus once — he was the conductor...
If your knowledge of metals is still feeling a bit delocalised, the questions below will help...
(8] Copper is a metallic element. Describe and explain what property of copper
makes it suitable for using in electrical circuits. [2 marks]

Q2 Suggest why an alloy of copper, rather than pure copper. is used to make hinges for doors. [1 mark]
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States of Matter

Betfer get your thinking hat on, as sfates of matier really... err.. mater. You'll need to imagine the parlicles in
a substance as e snooker balls. Sounds strange, but it's useful for explaining lots of stuff in chemistry.

The Three States of Matter — Solid, Liguid and Gas

Materals come in three different forms — solid, lgukd and gas. These are the thres stetes of matier.
Which siate something iz at a cerfain temperature (solid, liquid or gas) depends on how sirong the forces of
aHraction are betweer, the parficles of the material. How strong the forces are depends on INGE:
&) the material (fhe structure of the substance and the type of bonds holding the particles fogether),
h}{hu! EH‘M. :_hllrl-llllrhur”“r”#
: ""!partrlg;mbl =
c} the pressure. = FOMS, 100 oF mofecues, =
You can use a model called particle theory fo explain how the particles in a material LTI e
behave in each of the three sfates of matter by considering each parficle as a small, solid, inelastic sphers.

1) In =olids, Mﬂewdnﬂmﬂl{uhbemPEHmmmm
them close fogether in fixed postions to form a very regular latfice arrangement.

® 2) The particles don’t move from their posifions, so afl solids keep a definite shape
and volume, and don't flow like liquids.

H\&mmﬂmgﬂbra‘h (eausing solids 1o expan dnﬁl‘uﬂy;u.‘h&nlmnlﬂd}

1} In liquids, there's a weak force of attraction between the parficles. They're randomly
y e L arranged and free fo move past each other, but they tend to stick clozely fogether.
Li ?'2] Liquids have a definite volume but don'i keep a definife shape,
1 - and will flow to fill the bottom of a container.
3] The particles are constantly moving with random motion. The hotier the liquid gets,
the fasier they move. This causes liquids to expand slightly when heated.

= 1) hﬂmﬂmfmmdaﬂmﬁﬁbﬁmﬂmpmﬂmhmwu — they're
: 5 free to move and are far apart. The particles in gases travel in straight lines.
Gases 2) Bmm@LkmndanﬂaMgmMmdﬂldm&ﬁ!wmm
[z 3) The parficles move conctanth) with random mofion. The hotter the gas gets, the
Q =Q) facier they move. Gmﬁhwwtdﬂmhmiad or their pressure incresses.

Particle theory i a great model for explaining the three states of matter, but i isn't perfect. |n reality, the
particles aren't solid or inelastic and they aren't spheres — ng'rnnfmﬂ,immurrrdmulm. Alzo, the
model doesn't show the forces befween the partices, so there's no way of knowing how strong they are.

State Symbols Tell You the State of a Substance in an Equation |

‘l'uummpeguﬂﬂhmnd'ﬂrimtmnﬁmmhad'mmﬂnﬁawmdequaﬂmmmhm equation.
Oymbol equations can also include state symbols next to each substance —

they tell you what physicsl stafe the reactants and products are in:
(g) —solid () — liquid (g) —gas (aq) — aqueous N
For example, aqueous hydrochloric acid reacts with solid calcium carbonate  'dissolved in water

1o form aguecus calelum chloride, lquid water and carbon dioxide gas:
2HCI,, + CaCO, — Call,  + H.0, + CO,

Phew, what a page — particle-ularly gripping stuff...

I think ifs pretty clever the way you can explain all the differences between solids, liquids and pases with justa
page full of pink snooker balls. Anyway, that's the easy bit. The not-so-easy bit is learning it all.

1 Substance A does not have a definite shape or volume. What state is it in? [1 mark]
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Changing State

Thiz page iz like a game show. To starf, everyone seems nice and solid, but furn up the heat and i all changes.

Substances Can Change from One State to Another

Physical changes don't change the parficles — just their arrangement or thelr energy.

1) When a solid is hested, its particles 12) At the meliing point, so many bonds
gain more ghergy. have formed between the parficles

that they're held in place. The liguid

2) Thizs makes the parficles vibrate becomes & solid. This is FREEZING.

more, which weakens the forces that

hold the solid together. ) There's not enough energy to overcome
+ the atiraction between the particles,
8) At a certain temperature, called mal-lhgl freezing 90 more horls form bitwmar the.
the meling point the particles have *
enough energy to break froe from their 10) When a liguid cools, the particles have

positions. This iz called MELTING and less energy, 0 move around less.

fhe solid turns info a lguid.

9) At the bolling point, so many bonds
have formed between the gas
parficles that the gas becomes a

liquid. This iz called CONDENGING.

4) When a liquid iz heated, again the
particles get even more energy.

5) This energy makes the parficles move
faster, which weskens and breaks the  boiling| | condensing

bonds holding the liquid together. 8} Bonds form between the parficles.
8) At a cerfain femperature, called Q<. . 7} As a gas cools, the parficles

the bofing point, the parficles have .G.aid no longer have enough energy

encugh energy o break their bonds. d"' : to overcome the forces of

This is BOILING |or evaporafing). dy attraction betwean them.

The liquid becomes a gas. "--______.J
8o, the amount of energy needed for a substance fo change state depends on how shrong

the forces belween parficles are. The sironger the forces, the more energy is needed fo
break them, and so the higher the melfing and boiling points of the substance.

You Have to be Able to Predict the State of a Substance

You might be asked to predict what siafe a substance ks in at M-lul|.||n|u|||.|_||r||r|iru|.|l||_1|.tr,:
a cerfoin femperaiure. If the femperature's helow the meliing igiaserrps e
point of substance, i1l be a solid. I #'s shove the boiling point, p s -

atoms interact together. An atom on its =
it'll be a gas. W if's in betwoon the two points, then if's a liguid. car doesri't have these ;

S RN AR RN AR R R AN PR NN A AL

PR As  Which of the molecular substances in the table is a liquid at room temperature (25 °C)?

EARIRRERRY

il

thikis i ] aint B i . r n and ni en have boili ints

melting point | boiling point Ohiygen and nitrogen have boiling points below
M -9 *C —183 °C 25 °C, so will both be gases at room temperature
llm =210 *C =196 °C So the answer's bromine. It melts at —7 °C and boils
broming. —_F7 o G °C at 59 "C_ So, it'll be aliquid at room temperature.

Some people are worth melting for...
Make sure you can describe what happens to particles, and the forces between them, as a substance is
heated and cooled. Then learn all the technical terms, and you'll sound like a states of matter pro.
8] Ethanol melts at —114 °C and boils at 78 °C. Predict the state that ethano] s in at:
a) -150°C b) 0°C c) 25°C d) 100°C [4 marks]
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Revision Questions for Topic C2

Now you've finished Topic: C2, | bet | can guess what you're affer next, <L/ /11T L,

=" For even more Pra-cl.il:,e. tr_r the

Some questions to test how much of this fopic you can remember... = - Ratwional Q. o Topic £ =
= Try these questions and tick off each one when you get it right. s ek ncae A, G el =

AP LR IR AL L

= When you're completely happy with s sub-topic, fick i off.

Ions and Ionic Compounds (p.112-114) |:]

1) What type of lon do elements from each of the following groups form?
a) Group 1
b) Group 7

2} Describe how an ionic bond forme.

3} Sketch dot and cross diagrams to show the formation of:
a) sodium chlorde b) maghesium oxide ) maghesium chloride  d) sodium oxide

4} Describe the strucfure of a crystal of sodium chloride.
5} Lst the main properties of lonic compounds.

Covalent Substances (p.115-118) u
8} Describe how covalent bonds form.
7) Sketch dot and cross diagrams showing the bonding i 8 molecule of:
a) hydrogen  b)water o} hydrogen chloride
B} Explain why simple molecular compounds typieally have low melting and boiling points.
9) Describe the structure of a polymer.
10} Give three examples of giant covelent subsfances.

) Explain why graphite can conduct electriciy.

12) Explain how fullerenes could be used to deliver drugs info the body.
Metallic Bonding (p.119) [ |

13} What is metallic bonding?

14) List fhree properties of metale and explain how mefallic structure causes each properfy.
15) Explain why alloys are harder than pure metals.

States of Matter (p.120-121) [ |

18) Name the three states of matter.

17) What is the state symbol of an aqueous substance?

18] What iz the name of the temperature at which a liquid becomes a gas?

19} How does the strength of the forces befween parficles influence the femperature
at which a substance changes state?
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