Year 10 Knowledge Organisers

Assessment Fortnight 1
Monday 10™ - Friday 215" November 2025



Topic Overviews for

Assessment Fortnight 1

English An Inspector Calls
Maths Congruence, similarity and
endurance
Trigonometry
Equations and inequalities
Biology Cell biology
Bioenergetics
Infection and response
Organisation
Chemistry Atomic structure and the
periodic table
Bonding, structure and the
properties of matter
Energy changes
Quantitative chemistry
Physics Electricity
Atomic structure
RE Origins
History Causes of WW1
Geography Natural hazards
Spanish Holidays
Computing Data
Music Musical terms and signs
DT Graphics - Introduction o key
terms
Textiles - key concepts and
skills
Art Introduction and key words
Photography Introduction and key words
Sociology Families
PE Skeletal system

Sports and Coaching

Improving sporting performance
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Maths
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Y10 Congruence, similarity and

enlargement

kNﬂWLEDGE ORGANISER

—_—— e ——— — —_— e — — e e e e e e e — — ——
I_Pus“hre scale factors @ ] Fractional scale factors | Identify similar shapes |
Fractions less than | make a sha
Enlm’gg s[.*]nape AbySF2 iR & Angles n stmilar shapes |
I (0.0) R isan enlargement of F by a b donot chang I
3 ! &g i a trianghe gets
Imsh.lpt'ii:":r 4 scale factor - from centre of bigger the angles can not I
I times bigger ;: enlargement (15.1) go above 1807
¥ e i o Hmilar shapes 12 Scale Facton I
ITh_Edlgr_m r . 0 SF: ; Ris Ll !
from che cenirg ¥ o - - : thiee Hem Both sides I
Iﬂt’:rﬂ;rg:m L jl.. - H " e e Sem on the bigger
has also Z6 3 W, SmalerthnP &m| shapeare 15 |
L
doubled :__.r-l._#" T IH|::|lllll|n|En||l- o Cmpnrrﬁ:? #:12 “m“hmr I
I sides: i3 2:3
Both sets of sides are in the same rato I
. TN TN T . - » . —I
Angles in parallel lines ) Covinterion angles Information in similar shapes |
I decause co-interior angles @ Compare the corresponding side
: harve a sum of 160 the @ — o boich shges I
highlighted 11e
I - Becauss a.'ltsz.l:-: angles & angle s 8 Ferd Seale Factor is the
I are equal the highlighred multiplicative relacionship I
angles are the same size \..,_________r betreen the two lengths
I =15 Renseruber I
| ® | Shape ABCD and EFGH ape n®imdonet e wse |
o redse ot 3 ;;-l-"—_.--_" X
Corresponding angles As arsgles on a line add up - ;" ﬁ!‘*;; Il'u T I
I e i 1o 180° co-interior angles | Motarios helpsus find the | I".I
s e et the T can also be cakeulared fram | smresponding sides \ o I
I a.ngkam;qu . applying alrermare! AE and EF xre L i I
| blghlighted angies are carresponding rules firss conesponding Tm ¢ ‘|
L __ |
| Similar triangles Congruence and Similarity E.nngruent I:l'l:lr;‘ltg!-:j:l |
5 nm.g,[um congroent £ Sl 3
I Shares Because Cungru.cnt !!hnp:slrr. identical - all any of the following mnd:ﬂmi
I certex corresponding corresponding sides nl.nd arsgles are the same |
J,\ anghes are equal the B L _ All chree sides on the riangle are |
I ""-‘Sh]-‘ﬂfi"h'd"'ﬁ]“m /\ /\ ACB-KML [th: same size I
SameE EiTe B Som
I Paralle] lines - all A :H' —le .,"q,'n 't Two angles and the side connecting
angles will be the them ave equal in toeo triangles |
I same in both trlslnglc Because all the angles are the same and AC-KM
BC+LM triangles ABC and KLM are congroent m |
I All angles are the same this is similar Two sides and the angle in-between
I them are equal in bwo triangles |
All the i Eecause all angles M |
I angles in § ;:;;h:uumlt bw!ﬁ The triangles both have a right angle, |
I baoth - 3 ABC and HI] e the hypotenwse and one side are the |
triangles are o catne
Vertically the same and TR W ! s |
opposite 50 they are
Longles | e | _|




Y10 (H) — Co

and enlargement

ngruence, similarity

KNOWLEDGE ORGANISER
| Enlarge by a positive scale factor : ﬁﬁ;;i]ﬁ__u?e_s&;f?cﬂr_ ________
| Enlarge Shape A by a scale factor of 2 : I Enlarge Shape A by a scale factor of -2
I from a centre of enlargement (2, 7) | I from a centre of enlargement (5, 5)
| h
I I 3 Multiplied by 2
| 7 2—142 IIT l rmduppm-lte]
: 6 X y— : | 6 3 2 ‘,A direction
Enlarged by I .
| A Scale Factor3. [I| ° ‘1¥ ) -
| 4 3 Everysideis3 |I| 4 s
I 3 | times the : | 3
original length | 4
| 2 k“ I 2
I 1 o1 :
| 0 I &
Iﬂll!dSﬁ?ﬂElﬂlllE :lnulzgqg,&?ggmnlz
________________________ .
_______________________ | =
1 Volume of similar shapes
e W : a) T T —
Enlarge : ;o 6em Enlarge
]
area |[,! 50 cm volume
Square | : p— Cube
M
scale. : I h] B_E_T____? X5 .:_..___.-_.__,f'" s.l:ale
factor || : N\ i g B factor
| : ) -~"”'F
—_— I : A gm* 3 1500 cm® —
¥ s |
I Congruent triangles | Two shapes are CONGRUENT if they have the same. |

angles and the same side lengths.




Y10 Trigonometry

kNDWLEDGE ORGANISER

x = 12 » Sin50"

=8.2em

‘ga 12 em

SOHCAHTOA - Angles

Inverse functions

ADJACEMT OPFPOSITE

12 em
= - 12 E ,
E g;’" Sins0* == & Cos30" =— 5 : =10 x Tan34
o qﬁi: cm = 1T é =_12 m{m = 6.7em
o Sin50¢ 'P ¥ em Cos3l® ADJACENT

A

=15.7em - =13.9cm

I
I trigonometric |
I | Pythagoras

R G| [ s (==
I I"::} *'W) | V3 em £ cm Tando =
| | ﬂﬂ"ﬂl%‘] | |Tsino=0 n60 = u'" Cos60 =
I Label your triangle and choose your | 1em

trigonometric ratio
Cos90=0
I ADJACENT Substitute x:'alues inta I . " e [T -1 I -
I T em the ratio formula I :’!’MM -1 C and5 Cos45
I % . f -T-HI{_EE:I | . lem®
I o f =Tan'! {gj | Tan0 =0 This vahue cannot be defined
= i} i} IPDOsiDie & you

I 4cm # =53.1° | m‘/ cannat hgve twe 907 angles
I | in a trianghe

e — — — — — — — — — — —
| P!.thaguras theorem 52 + B2 = 2 o | Labelling a right-angled eriangle
| FII"IdII"IE thE hlfpﬂtﬁ'nlliﬁ uc FII'I'E"I'I: nax ar n'hn | UF]],D.;] II * J‘“J-l’l.{ | "- I
1 tis the angle (n questic
3 Em ¥ Square Abways oppodite the angle
{ oL
| 5 = Subtract |
em b a 117 - 6 =85 et

I S.quare c | cik e Aoy the bonzest side

I+ 10F =109 11 em = Square root Ly I te the right amgh
I * 5I:| uare root w85 = 9. Licm
I- w 105 10, 44 cm J_

SOHCAHTOA - Side lengths
OPPOSITE Dpposite wrand
o [ﬂ"ﬂ Hyporensss J ADJACENT [“"’ = ] [ ]
%in50" = 11:2 Cosdl® = ::—2 Substitute into the formula

q':" 12cm x= 12 xCosdl®
i3 =9.2em

X Cm

ADIACENT

Tan3d" = —
= 14.8cm

Exact Trig values

This side could be calculated using




Y10 (H) — Trigonometry

A m oo VOSOTI4285T7 .. = 52.6°

: M.'\-I
| Pythagoras Theorem I eAH_CAH.TOA 1| Trigonometry- —angles 1
- . I SOH - CAH - TOA |: ) :
l “"’I'“’" :I o a 3 [ |
[ ¥y I| sinB=— cosB== tanb=-— ||, © ERE= g5
g S fenei e mod sl T A
| o 109 = x* I I x-ﬂn"[:—)l
| T xayT@ ) - I} (S0H) CAH TOA 2/
Njpaman =21.3°
: :-lﬂ.ﬂr.m:rll;lm h :: I
| bl box blact=a | —~ . ||h.'r|i .
A T B e 1
= the s
: x %822 cm Ill - 1|| Snﬂm@ z=30.3 |
i —— — T ———————— ———— ——————————— — —————— —— — — — 5
I Trigonometry — side lengths 1
| Tan ratio Sing ratlo Cosine ratio I
{.] 17cm @ b} 3] xh I
I iy; g :“" ! D :
[ A I
h ]
" ! SOH CAH(TOA) ) HTl:uIL cos19 = soM () TOA I
: Al - = sin35 = & |
. s %= — I
| amae 3 sin 35 = e [
I x = 17w pandd = 1585 cm x = PHx gin35 =16, 06 cm X I B4 cm :
e s o S . S S .
rEn:t___m_;:IIll_s____—I B Sinerule W Cosinerule | :
| || e rule for lengihs: : | Cosine rule for lengths: I
| |sin30 [sin45 |sin60 | ' | & _ ¥ | |icgn i || & = b* 4 ¢t - 2be Cosd | |
: :I sind _ sinB | | onsep | :
I 1 V2 V3 I: B a b H 75 om2 5 :
| 2 T T I rind  zim# | e
[ I % 19 A I
— L 113em ¢
: :| sin 37 sim83d . - :
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Y10 — Equations and inequalities

I LESSFE I'I
RINIT?
KL JL.1FX
KNOWLEDGE ORGANISER

e e b | e et
| Solve equations 0 3(2x +4)=30 |:FDI."I11 and solve inequalities Q :
I I

FEREFTRET . . wo mare than mebbe my |
B oo [ IO<EEERD

AOE OO NAOE Form I
: ] 6x+12-30 Substitute to check vour H x—# 31—+ 1 |
| FEL :] iR -12 -1 Tmh::;;munmuwwl 1 Jx«2:11 :
I v [racticn ar deciral || Sﬂ]"-"e
I I]I’II:III'IIIII' -ﬁh.l?ﬁ E xe1 || X #— 3 g -3 44— 1l :
e e === —
i ——— =
| Solutions on a number line |
| f— — L L |
: ¥l =1 - | el walise it 15ts above o ™ I
| [ [ A-1-1 0012 3 4 |

Both repeesest oth represect -1<x=3

| walses bess than 1 walues more than |
| Inchudes the value 1 Includes the value 1 [mm&wmmlﬂ |

I | Plotting straight line graphs é‘ IFM_ - | Equations: unknown on both side l

aﬂ"-l

|

I - - ! (Fortinemr there is I
wix—1 L3« the x coordinate the equaticas - |
I y=3-1 ) N ”h;l fi |:HH"_ e |I [ By+5=dx+13 ] |

NERE w a takle b0 display .
| Btwtals thabkemation = | Thﬂ:rvml.l.mrrl]]:rnull 1 71 01 C1 71 3 7 Y Bx+5=d4r+13 |
Iy I m 1t (24) because theyare | | (0L ERE] B ' _ax |
| This represents a coordinate pair |I m]]rl:::::;:ﬂ '1 *ﬁ gane |1 s dr+5=13 |
| =3-10) |I n cne place I W -5 -5 |
- 4r = B
. |: 4 reme |I nono w0
Bl e
1% H  f B e e e e ———— — —— ———— — —
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I Plotting more points |I 1 -aullut“h'u:.u.t}- 1 |
I | ity | . t | Bx 455 4x+13 |—-|- x=2 |
ealculations are commect | " The selutice b the
: (if the do make 8 :l o the volons | | P |
struight line) —e v value 2 ar

| || (3.8) I —|—|‘—+—1—|—|—|—|—|‘—+—'|'3'$ T R less will satisfy |
Bemember to join the I I this inequality |
I poists to make a ling | 1 |
I e e e e e e || _________ ] g S d
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Science - Biology

Required Practical Specialised Cells Prokaryotic and Eukaryotic Cells
Microscopy Required Practical When a cell changes to become a specialised cell, it is called Animal Cells Plant Cells vacuole
- Includes preparing a slide, using a light microscope, differentiation. ribosomes — ribosomes
call mel rane
drawing any observations - use a pencil and label important nucleus
8any P re Specialised | Function Adapration nucleus cell membrane
observations. cell cell wall
sperm To get the male | Streamlined head, long -
DNA to the tail, lots of mitochondria to mitochondria —
T
fornale DNA. provide energy. mitochondria chiaropias
cytoplasm
nerve To send electrical | Long to cover more distance.
. N Plant and animal cells have similarities and differences:
impulses around | Has branched connections to
the body. connect in a network. Animal plant
muscle To contract Long and contain lots of nucleus v s
quickly. mitochondria for energy.
root hair To absorb water | A large surface area to absorb cytoplasm 4 v
from the soil. more water. 7
‘Osmosis and Potato Practical - X
phloem Transports Pores to allow cell sap to flow.
- Independent variable - concentration. substances Cells are long and joined end- cell membrane o o
+ Dependent variable - changa in mass. around the plant. | to-end. permanent vacuole | 3 v
« Control variable - volume of solution, temperature, time, xylem Transports water | Hollow in the centre. Tubes - -
hrough the plar iinad and-to-end. mitochendria v v
surface area of the potato. through the plant. | are joined and-to-en
The potato in the sugar solution will lose water and so will have rib < v
less mass at the end; the potato in the pure water solution will Equations and Maths cell wall v
gain water. Equation X
Bacterial Cells
Bacterial cells do not have a true nucleus, they just have a single strand of DNA
that floats in the cytoplasm. They contain a plasmid.
chromosome
Maths Skills cell membrane _—cell wall
Conversions:
Micrometres to millimetres: divide by 1000. cytaplasm
Standard Form: P flagella
0.003 = 3 * 107 )
5.6 % 10% - 0.0056 S

Cell Biology Knowledge Organiser - Foundation and Higher

Chromosomes and Mitosis Stem Cells Exchange - Humans Key Processes . e
In the nucleus of a human cell there are | Embryonic stem cells are organisms have a large surface are to volume | Diffusion is the spreading out of o “ °
23 pairs of chromosomes Chromosomes | cells, they have the potential to turn into any || ratio so that all the substances can be exchanged. particles from an area of higher -
contain adouble helixof DNA. Chramosomes | kind of call. Gas exchange: Lungs concentration to an area of lower o _
ha L ber of . tration.
Ve & 1arge number of genes The alveoli are where gas exchange takes place. concentration
Cell b i able, ©
They have a large surface area, moist lining, thin walls and a MREMBIANES are sami-perme "
only small molecules
good blood supply. hrough
t 5
can gt 8 Cell Diffusion
Adult stem cells are found in the bone Osmosis is the 1t of water : .
marrow, they can only turn into some types molecules across a partially
o
of cells e.g. blood cells. permeable membrane from a region ﬁ
The cell cycle makes new cells. Uses of stem cells: of higher concentration to a region @

of lower concentration. o

Active transport is the movement i, =
of substances against the concentration I

gradient. This process requires

Mitosis: DNA has to be copied/replicated

before the cell carries out mitosis.

- Replacing faulty blood cells;

» making insulin producing cells;

- making nerve cells.

Some people are against stem cell research. Viltiz Small Intestine enargy from respiration. Active T‘"“’P"” in Cells

Millions of villi line the small intestine increasing the surface

Exchange in Fish
For Stem Cell Research | Against Stem area to absorb more digested food. &
Fish have a large surface area for gas exchange. These are called
Cell Research ;
They are a single Layer of calls with a good blood supply. gills. water enters the fish through the mouth and goes out
Curi atients with Embi are
Key Vocabu[ary stemngar[s ~ more hu.m;yﬁife Exchange in Plants through the gills. The oxygen is transported from the water to
active transpart important than the \\\\ the blood by diﬂusil?l'l. Carbfm dioxide diffuses frf)m the Iflrnod
alveoli rights of embryos. to the water. Each gill has gill filaments which give the gills a
mosa large surface area. Lamellae cover sach gill filament to further
chro me They are just using Scientists i 8 8
diffusion increase the surface area for more gas exchange. They have a
unwanted embryos from | should find ni rface L nd capillaries fo 4 blood I which
sukaryotic fartility clinics, which other sources thin su. R_ aye-r and capifiartes for goo supply whic
gas exchange would normally be of stem calls. helps with diffusion.
mitosis destroyed.

multicellular

05mosis Stem Cells in Plants
prokaryotic In plants, stem cells ara found in the meristem. The surface of the leaf is flattened to increase the surface area

undifferentiated
replicated
specialised

willi

These stem cells are able to produce clones
of the plant. They can be used to grow crops
with specific features for a farmer, e.g. disease
resistant.

for more gas exchange by diffusion.

Oxygen and water vapour diffuse out of the stomata. Guard
cells open and close the stomata, controlling water loss.




Bioenergetics Higher

Photosynthesis The Effect of Light Intensity on the Rate of Photosynthesis (RPI)  Interaction of Limiting Factors (HT only)

Ph hesis is a chemical which takes place in | The amount of light a plant receives affects the rate of photosynthesis. If 2 plant | The limiting factor for the reaction will depend on the environmental
plants. It converts carbon dioxide and water into glucose and | receives lots of light, lots of photosynthesis will occur. If there is very little or no | conditions.

oxygen. It uses light energy to power the chemical reaction, | light, photosynthesis will stop. For example:

which is absorbed by the grean pigment chlorophyll. This means At night, light intensity is the limiting factor.
N P . o N N Tank/beaker of water betwean lamp & pondweed
that isan ofan mic reaction. L =

P F

The whole reaction takes place inside the chloroplasts which

In winter, temperature is the limiting factor.
In other conditions, carbon dioxide is usually the limiting factor.

are small organelles found in plant cells. Light Carbon Dioxide Temperature
Plants  acquire the carbon dioxide wia diffusion i i i
through the stomata of their leaves. The water g 5 5
is absorbed from the soil through the roots and £ ;_ é
transported to the cells carrying out photosynthesis, H H H
via the xylem. Method
totensity of Light Carben Dlaeids Concenration p—
1. Measure 20cm® of sodium hydrogen carbonate solution and pour into a . ) i
— boiling tube. From the graph, you can see that increasing one of the factors will also
Carbon dioxide 2. Collect a 10cm piece of pondweed and gently attach a paper clip to one end. incraase tha rata of reaction, but only for so long before it plateaus.
This is b her f: ill have then ba he limiti
3. Clamp the boiling tube, ensuring you will be able to shine light onto the 5 [ bacause a"m_ e facter wi ve men '?D"_m e _mmng
pondwead factor. E.g. you could increase the supply of carbon dioxide, bur if there
The glucose made in ph is is used for iration, i
Sm':i e P . Y e o ; P o 4. Place a metre rule next to the clamp stand. is not enough chlorophyll to absorb the sunlight, then the sunlight will
as starch, fat or oils, use produce cellulose or u. b the limiting factor instead.
. . . 5. Place the lamp 10cm away from the pondweed. come the imiting factor in
to produce amino acids for protein synthesis.
6. Wait two minutes, until the pondweed has started to produce bubbles. Greenhouse Economics (HT m'lly)
The Rate of Photosynthesis and Limiting Factors
7. Using the stopwatch, count the number of bubbles produced in a minute.
A limiting factor is something which stops the photosynthesis To grow plants in the most suitshle conditions, a greenhouse can be used
. . . 8. Repeat stages 5 to 7, moving the lamp 10c¢m further away from the
reaction from occurring at a faster rate. Temperature, light " e 2 10 e e e o Ay A greenhouse traps the sun’s radiation as heat inside the greenhouss,
N N - . pondweed each time until you have five different distances.
intensity and carbon dioxide level are all limiting factors. _ _ . 30 that temperature is not a limiting factor for the rate of photosynthesis.
9. MNow repeat the experiment twice more to ensure you have thres readings for

Increasing the temperature of the surroundings will increase each distance. Artificial lighting can be installed in the gresnhouse to provide constant light

the rate of reaction, but only up to around 45°C. At around energy and prevent light intensity being a limiting factor.

The independent variable was the light intensity.

The dependent variable was the amount of bubbles produced. Counting the bubbles

become denatured. i ;
is 2 common method, but you could use a gas syringe instead to more accurately suitable temperaturs, but the by-product of the combustion off the paraffin

this temperature, the enzymes which catalyse the reaction A paraffin heater can be used in the greenhouse to not only maintain a

Increasing the light intensity will increase the rate of reaction | maacure tha volume of axygen produced iz carbon dioxide.

because there (s more energy to carry out more reactions. The control variables wera same amount of time and same amount of pondweed. Enclosing the crops in a greenh and lating all the diti in

Increasing the carbon dioxide concentration will also | s hench lamp is used to control the light intensity and the water in the test tube | this way can be expensive; however, it is often sutweighed because the

increasa the rate of reaction because there are mare ining the i i with a ther to monitor and control | M2rvest of the crop iz much er, fasterg crops. . the
p

available. enclosed conditions mean that disease and pests can be sasily controlled

the temperature.
and prevented.

AQA GCSE (Combined Science)

it 4: Bil

nergetics Higher

Inverse Square Law and Light Intensity Respiration Effect of Exercise
The inverse square law is used to describe the light intensity at piration is the chemical ion which occurs inside the mitochondria | When a person exercises, their body (specifically their muscles) need much
different distances from the source. of all living cells to release energy for living functions and processes, e.g. | more energy. To release more energy, the amount of respiration reactions

ild lacul,

warmth and b

ing larger for growth and repair. The | occurring has to increasa.

The inverse square law states that: the intensity of light is
reaction is exothermic, meaning that energy is released to the surroundings. | The heart pumps faster and the breathing rate and breath volume all

inversely proportional to the square distance from the source.
increase to supply more oxygen to the muscles via the bloodstream.

light intensity , Respiration can be either aerobic (using oxygen) or anaerobic (without
1 5 using oxygen) If the muscles are not receiving snough oxygen to keep up the demand
o~ needed by the respiration r i then ic respiration begins to
\ / carbon occur. This incomplete oxidation of the glucose produces lactic acid, which
v glucose oxygen dioxide water energy can build up in the muscles and results in an oxygen debt

CsH1206 + 602 = 6C0Oz + 6H20 + ATP

After long periods of exercise, the muscles can become fatigued and stop

distance from light source 2 contracting. You might experience a pain commonly called a stitch.

3 | In anaerobic respiration, the glucose is not completely oxidised. This means

Light i iy i by the g equart that there is less energy released than in aerobic respiration. REEERIeT (e e i (HT Dnl!r)

light intensity oc ﬁ Metabolism is the bination of | During vigorous exercise, the body
+ The symbol, , means ‘is proportional to" lactic all the reactions in a cell or in the | can begin to carry out anaerobic
. Distance is measurad in metres, m. glucose acid energy body. respiration and produces lactic acid.
In other words, if an object is moved twice as far away from CeH1206 = 2C3H503 + ATP Energy released during respiration | |actic acid is transported via the
the light source, the light intensity received is reduced to just is used during bolic p blood to the liver. The liver
one guarter. to synthesise new molecules: converts the lactic acid back into

Worked ple: In plants and yeast, anaercbic respiration makes some different products. | o oo o conie g 0 starch, | glucose. However, oxygen s needed

The reaction is also called fermentation and is used in bread-making and glycogen and cellulose. to carry out this reaction.

If the light source is 10cm from a plant, calculate the light beer-brewing.

Flrycom[ andthm.u .fatt)r acids are The oxygen debt is the amount of
Joined to form a lipid molaculs.

1 + (distance®) the oxygen required by the bady to

intensity reaching the plant.

+ x carbon « Glucose and nitrate ions are joined rt the built-up lactic acid back
1+ (010x010) glucose ethanol dioxide energy to form amino acids '_:mvol md up c a: ‘"‘che
1-001 } nto it 1l

CeH1206 =b C2HsOH + CO2 + ATP . into glucose and remove it from
= 100 arbitrary units = Amino acids are joined to form | respiring cells
If the light source is moved 25cm from the plant, calculate the protetns
light intensity reaching the plant. « Excess proteins are broken down
1 + (distance?) and released as wrea during
1+ (0.25 * 0.25) excretion.
1+00625 Respiration itself is also a process

= 16 arbitrary units which is included in matabolism.




Infection and Response Knowledge Organiser — Foundation and Higher

Communicable Disease

Pathogens are microorganisms that enter the body and
cause communicable disease (infectious). Plants and
animals can be infected by them.

Bacteria are small cells that can
reproduce very quickly in the body.
They produce toxins that make you
feel ill, damaging your cells and
tissues.

Viruses are much smaller than
bacteria; they can also reproduce
quickly in the body. Viruses live inside
your cell where they replicate. They
then burst out of the cell, releasing

new viruses.

Protists are eukaryotes
(multicellular). Some are parasites
which live on or inside other

spore case
organisms, often carried by a vector fﬁums
sporang[u.m“@._

Fungi are sometimes single celled,
others have hyphae that grow and
penetrate human skin and the surface
of plants. They can produce spores
which can spread to other plants.

Viral Diseases Bacterial Diseases

Measles is spread by droplets of liquid frem and | Sal lla bacteria causes food poisoning. Symptoms include fever,
coughs etc., symptoms include a red rash on the skin and | stomach cramps, vomiting and diarrhoea. The symptoms are caused
a fever. Measles can be serious or even fatal, it can lead to by the toxins produced by the bacteria. Food contaminated with
prieumonia. Most people are vaccinated against measles | 3imonella can give you food poisoning. Most poultry in the UK will
when they are very young. have had a vaccination against salmonella.

HIV is spread by sexual contact or exchanging body fluids.
HIV can be controlled be antiviral drugs; this stops the Gonorrhoea is a sexually transmitted bacterial disease, passed on by

viruses replicating. The virus attacks the cells in the | sexual contact Symptoms include pain when urinating and thick
immune system. If the immune system is badly damaged, | yellow/green discharge from the vagina or penis. To prevent the spread,
the body cannot cope with other infections. This is the late | people should be treated with antibiotics and use a condom.

stage and is called aids.

Tobacco mosaic virus affects plants, parts of the leaves How to prevent the spread:

become discoloured. This means plants cannot carry out Being hygienic —

photosynthesis; this will affect the plants growth. washing hands thoroughly.

Destroying vectors —

killing vectors by using insecticides or destroying their habitat.
Isolation -

isolating an infected person will prevent the spread.

Vaccination -

people cannot develop the infection and then pass it on.

Pathogens can be spread in many ways, for example:
Water — by drinking dirty water, e.g. cholera.
Air - carried by air and breathed in, e.g influenza.

Direct contact - touching contaminated surfaces
including the skin, e.g. athlete's foot.

Fungal and Protist Diseases

Fungal

Rose black spot shows as black spots on the leaves of the
plant, this means less photosynthesis occurs. As a result,
the plant does not grow as well It is spread by the wind
or the water. They can be treated by using fungicides and
taking the leaves off the infected plant.

Protists

Malaria is caused by a protist, mesguitoes are the vectors.
They become infected when they feed on an infected
animal. The protist is inserted into the blood vessel.
Malaria can cause fever, it can also be fatal.

Infection and Response Knowledge Organiser - Foundation and Higher

Fighting Diseases Vaccinations Developing Drugs

Defence System Vaccinations have been developed to protect us from | There are three main stages in drug testing:
1. The skin acts as a barrier to pathogens. future infections. A vaccination involves an injection | pre-clinical testing:

2. Hairs and mucus in your nese trap particles.

3. The trachea and bronchi secrete mucus to trap

4L The stomach contains hydrochloric acid to
kill any pathogens that enter the body via the

of a dead or weakened version of the pathogen. They 1
carry antigens which cause your body to produce
antibodies which will attack the pathogen. If you
pathogens. They also have cilia which move | .. infected again, the white blood cells can produce | Clinical testing:

Drugs are tested on human cells and tissues.

2. Testing carried out on living animals.

backwards and fnn.vards_to transport the mucus antibodies quickly. o 3. Tested on healthy human volunteers in clinical trials. Starts with a very low
towards the throat. This traps any pathogens 'r"' dose, then tested on people with the illness to find the optimum dose.
and the mucus is usually swallowed. et B '- o

Placebo is a substance that is like the drug, but does not do anything.
Placebo effect is when the patient thinks the treatment will work even though

their treatment isn't doing anything.
mouth. Pros Cons
Blind trial is when the patient does not know whether they are getting the drug
The Immune System Helps to mr;]tlml They don't always work. or the placebo.
communicable - - - .
This kills any pathogens that enter the body. @ “hat used to Double-blind trial is when both the doctor and the patient do not know whether
. lseases use they are getting the drug.
White blood cells: be very common.
+  Phagocytosis is when white blood cells engulf Epidemics can be Some people can have a Drugs from Plants Key Vocabulary
pathogens and then digest them. prevented. bad reaction to a vaccine — Chemicals produced by plantsto defend themselves | .\
+  They produce antitoxins to neutralise the however, that is very rare. can be used to treat human diseases or help with antigens
toxins. symptoms.
antitoxins
They also produce antibodies. Pathogens have Fighting Disease — Drugs i _ bacteria
antigens on their surface, antibodies produced | painkillers relive the pain and ﬁ Wiz Plant/Microorganism i i
R . ) blind trial
by the white blood cells lock on to the antigen | symptoms, but do not tackle 3 ( o _ i
on the outside of the pathogen. White blood | the cause. e aspirin willow double-blind
cells can then destroy the pathogens. Antibodies fungus
are specific to one antigen and will only work digitalis foxglove microorganism
on that pathogen. Antibiotics kill the bacteria = o o phagocytosis
causing the problem, but do ( ’ penicillin mould - penicillium placebo
- not work on viruses. Viruses | . protist
| 9 % ;@ are very difficult to kill because New drugs are now made by chemists, who work | toxins
—_— — — _— ‘ i i L I
& " e they live inside the body cells. for the pharmaceutical industry, in laboratories. vaccination
vector
virus




Principles of Organisation

y (Combined Science) Unit

6. Add Zem® of starch solution into the test tube, using a different measuring
. 1"'If 9 cylinder to measure, and begin a timer (leave the timer to run continuously).
i FUpR V" 7. After 10 seconds, use a pipetts to extract some of the amylase/starch solution,
. and place one drop into the first well of the 5 ing tile. Squirt the remainin
" d pls drop he fi Il of the spotting tile. Sq b g
’n solution back into the test tube.
8. Continue to place one drop into the next well of the spotting tile, every 10
cell * e * organ * organ system * organism seconds, until the iodine remains orange.
K 3 K 9. Record the time taken for the starch to be completely digested by the amylase
Cells are the basic | A group of cells with An organ is a Organs work togathar Organ systems work
L . s . A by counting the wells that were tested positive for starch (indicated by the
building blocks of all | a similar structure combination of tissues within an organ together to form whole B
- . o N e . . blue/black colour change of the iodine). Each well represents 10 seconds of
living things. and function is called carrying out a specific Systam. living organisms. K
a tissue. function. time.
10. Repeatsteps 1 to 8 for pH values 7 and 10.
Food Tests (Required Practical) Effect of pH on the Rate of of Amylase (Requi ical)
The Dig, System

AQA GCSE Biology (Combined Science) Unit 2: Organisation

Enzymes

An enzyme is a biological ‘ . .
catalyst; enzymes speed up

chemical reactions without ' ‘
being changed or used up.

This happens because the enzyme lowers the activation
energy required for the reaction to occur. Enzymes are made
up of chains of amino acids folded into a globular shape.

Enzymes have an active site which the substrate (reactants)
fits into. Enzymes are very specific and will only catalyss one
specific reaction. If the reactants are not tha complimentary
shape, the enzyme will not work for that reaction.

Enzymes also work optimally at specific conditions of pH and
temperature. In extremes of pH or temperature, the enzyme
will denature. This means that the bonds holding togsther
the 3D shape of the active site will break and the active
shape will deform. The substrate will not be able to fit into
the active site anymore and the enzyme cannot function.

Enzyme

amylase starch sugars (glucose)
protease protein amino acids

lipase lipid glycerol and fatty acids

The products of digestion are used to build new
carbohydrates and proteins and some of the glucose is used
for respiration.

Bile is produced in the liver and stored in the gall bladder.
It is an alkaline substance which neutralises the

hydrochloric acid in the

h It also works to emulsify
fats into small droplets. The fat droplets have a higher
surface area and so the rate of their digestion by lipase is

increased.

Todine is used to test for the presence of starch. |"-'|
What does a If starch is present, the colour will change to | A The purpose of the digestive system is to break down large molecules into smaller,
positive result blue-black I [—-—' soluble molecules, which are then absorbed into the bloodstream. The rate of these
- scliion
look like? / cti iz i d by 3
The independent variable in the investigation [__, "~ reacrions Iz increased by enzymes
is the pH of the buffer solution. }
sugar Benedict’s | Once heated, the The dependent variable in the investigation is the tims tongue ,
reagent solution will change taken for the reaction to complete (how long it takes for all mouth salivary glands
from blua-graen to the starch to be digested by the amylass).
oesophagus
yellow-red. Method:
starch iodine Blue-black colour 1. Use the marker pen to label a test tube with the first value of pH buffer
indicates starch is solutien (pH 4) and stand it in the test tube rack.
present. 2. Into each well of the spotting tiles, place a drop of iodine.
. . . R . .
protein | biuret The solution will 3. Using a measuring cylinder, measure 2cm® of amylase and pour into the liver stomach
change from blue to test tube. gall bladder
pink-purple. 4. Using a syrings, measure 1em?® of the buffer solution and pour into the pancreas
test tube. R
lipid sudan 11T | The lipids will _ small intestine large intestine
5. Leave this to stand for five minutes and then use the thermometer to
separate and the
~ measure the temperature. Make a note of the temperature.
top layer will turn
bright red. anus
Science Page 10f 6 visit twinkLcom
e

The Heart and Blood Vessels

The Heart as a Double Pump

The heart is a large muscular organ which pumps blood carrying oxygen
or waste products around the body. The lungs are the site of gas exchange
where oxygen from the air is exchanged for waste carbon dioxide in the
blood. Oxygen is used in the respiration reaction to release energy for the
cells and carbon dioxide is made as a waste product during the reaction.

glucose + oxygen — carbon dioxide + water + [energy]

wvein

artery capillary

The thres types of blood vessels, shown above, are each adapted to carry
out their specific function.

Capillaries are narrow vessels which form networks to closely supply cells
and organs between the veins and arteriss. The walls of the capillaries are
only one cell thick, which provides a short diffusion pathway to increase

the rate at which substances are transfarrad.
The table below compares the structure and function of arteries and veins:
Vein

direction of blood flow | away from the heart | towards the heart

oxygenated or
deoxygenated bload?

d (axcept ed

the pulmonary (except the

The heart works as a double pump for two circulatory

systems; the pulmonary circulation and the systemic
circulation.

The pulmonary circulation serves the
lungs and bring deoxygenated blood to
exchange waste carbon dioxide gas for
oxygen at the alveoli.

The systemic circulation serves the rest of the body
and transports oxygen and nutrients from digestion
to the cells of the body, whilst carrying carbon
dioxide and other waste away from the cells.

The systemic circulation flows through the whole

body. This means the blood is flowing at 2 much higher pressure than in the
pulmonary circuit.

The Heart as Pacemaker

The
and automatically, controlled within
itself.

Locared
the

cells which act as pacemakers.

rate of the heart beating is very carefully,

the heart

in the muscular walls of

heart are small groups of

They produce electrical impulses e AN}
which stimulate the surrounding
muscle to contract, squeszing the

chambers of the heart and pumping

The sino-atrial node (SAN) is located near the
right atrium and it stimulates the atria to contract.
The atrie-ventricular node (AVN) is located in betwaeen the ventricles and

them to contract.

the vassel)

artery) pulmonary vein} the blood.
pressure high low {negative)
wall structure thick, alastic, thin, less
lar, less
tissue for strength connective tissus
lumen (channsl inside narrow wide (with valves)
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Page 2 of &

visit twinkl.com




AQA GCSE Biology (Combined Science) Unit

Organisation

L v iinlantad

can be surgically

Artificial into a person if their

heart nodes are not functioning correctly.

Drugs - illegal drugs (e.g. ecstasy and cannabis) can lead to increased heart rate
and blood pressure, increasing the risk of heart disease.

Alcohol - regularly exceeding unit guidelines for alcohol can lead to increased
blood pressure and risk of heart disease.

2 cns

Coronary Heart Disease

Coronary heart disease is a condition resulting from blockages in the
coronary arteries. These are the main arteries which supply blood to the
heart itself and they can become blocked by build-up of fatty deposits.

In the UK and around the world, coronary heart disease is a major cause
of many deaths.

The main symptoms can include chest pain, heart attack or heart failure.
Yet, not all people suffer the same symptoms, if any at all.

Blood

Blood is composed of red blood cells
(erythrocytes), white blood cells and platelets, all

ded

within a plasma (a tissue).

Lifestyle factors can increase the risk of a person loping coronary

heart disease.

Diet - a high-fat diet (containing lots of saturated fat) can lead to higher
cholesterol levels and this cholesterol forms the fatty deposits which
damage and block the arteries.

Smoking - chemicals in cigarette smoke, including nicotine and carbon
monoxide, increase the risk of heart disease. Carbon monoxide reduces
the amount of oxygen which can be transported by the red blood cells
and nicotine causes an increased heart rate. The lack of oxygen to the
heart and increased pressure can lead to heart attacks.

Stress - prolonged exposure to stress or stressful situations (such as high
pressure jobs) can lead to high blood pressure and an increased risk of
heart disease.

The plasma transports the different blood cells
around the body as well as carbon dioxide,
nutrients, urea and hormones. It also distributes
the heat throughout the body.

Red blood cells transport oxygen attached to the

haem group in their structure. It has a biconcave shape to increase surface area
and does not contain a nucleus so it can bind with more oxygen molecules.

White blood cells form part of the immune system and ingest pathogens

and produce antibodies. Platelets are important blood clotting factors.

at the lungs
haemoglobin + oxygen = oxyhaemoglobin
at the cells

Sinus node
Loft atrium

Right atrium
AV node

Laft ventriclo

The right atrium receives deoxygenated blood via the vena
cava. It is then pumped down through the valves
into the right ventricle. From here, it is forced up
through the lungs
where it exchanges for oxygen.
The oxygenated blood then enters the left atrium via the

the pulmonary artery towards
carbon  dioxide
pulmonary vein and down into the left ventricle. The
muscular wall of the left ventricle is much thicker so it can
pump the blood more forcefully out of the heart and around
the entire body, via the aorta.

The blood only flows in one direction. This is because there
are valves in the heart which close under pressure and
pravent the backward flow of blood.

Science
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Root Hair Cells

The number of beats the heart performs each minute is called the
pulse (or heart rate).

It is easily measured by counting the number of beats in a given time,
e.g. 155, and finding the total beats per minute.

Typically, a lower resting pulse rate indicates a greater level of
physical fitness. During exercise, and for some time after, the pulsa

rate increases while the heart is working to provide more oxygen to

Leaves are plant organs and their main function is to absorb sunlight
energy for use in photesynthesis. Within the cells are small organelles called
chloroplasts which contain a green pigment called chlorophyll. This is the
part of the plant which absorbs the sunlight and where photosynthesis cccurs.
sunlight
carbon dioxide + water — oxygen + glucose

Leaves are adapred to carry out their function. Leaves are typically flat and

Plants absorb water by osmosis through
the root hair cells of the roots. Dissolved (]
in the water are important minerals for
the plant's growth and develepment,
which are absorbed by active transport.

The root hair cells are adapted to their
function with the following features:

the muscles. thin with a large surface area. This means they have a maximum area to | - Finger-like projection in the membrane increases the surface

absorb the sunlight and carbon dioxide. The thin shape reduces the distance area available for water and minerals to be absorbed across.

for diffusion of water and gases.

Cardiac output is a measure of the velume of blood pumped by the

heart each minute. Stroke volume is a measure of the volume of The narrow shape of the projection can squeeze into small
spaces between soil particles, bringing it closer and reducing

the distancs of the diffusion pathway.

blood pumped from tha heart each contraction (heart bear). Leaves contain vessels called xylem and phloem. The xylem transport water

Cardiac output (cm*/min) - heart rate (bpm) = stroke volume (cm®/beat) | and dissolved minerals toward the leaves. The phloem transport glucose and

The cell has many mitochondria, which releass energy required

other products from photosynthesis around the plant.
for the active transport of some substances.

Cancer

The L ir spaces between the cells of th hyll La Llow
Cancer is the result of uncontrolled cell growth and division. 1ge i = cam the cefls OF The spongy measopiy™ fayer &

for the diffusion of gases. Carbon dioxide enters the leaves and oxygen exits
The uncontrolled growth of cells is called a tumour.

Xylem and Phloem

the leaves.

ign Tu e Tl Xylem vessels transport water through

| waxy cutic 1 palisade layer
+ Usually grows slowly. . cancerous the plant, from roots to leaves.
- Usually grows within - Usually grows rapidly. Thay are made up of dead, lignified

a membrane and can cells, which are joined end to end

be easily removed.

Can spread around
the body, via the
bloodstream.

upper epidermis
spongy mesophyll

guard cells

with no walls between them, forming

<t lower epidermis |
D

The guard cells are specially adapted cells located on the underside of the leaf.
They are positioned in pairs, surrounding the stomata (a small opening in the

a long central tube down the middle.
The
dissolved minerals, along the xylem is

- Does not normally grow back. of the water, and

Cells can break away and

+ Does not spread around the body. cause secondary tumours

in a transpiration stream.

to grow in other areas of
the body (metastasis).

Can cause damags to organs

and be life-threatening. Hylem vessels also provide support and strength to the plant

structure. They are found in the middle of roots so they

aren't crushed within the soil. They are found in the middle

of the stem to provide strength and prevent bending. In the
leaves, they are found in vascular bundles alongside the
epidermis layar). The guard cells changa shape to open and close the stomata, | phloem and can be seen as the veins which network across

controlling the rate of gas exchange in the leaf. the leaf.
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Phloem vessols transport food such  as Disease Interactions Health and Disease
dissolved sugars and glucose  from
photosynthesis. The food is transported Having one type of illness can often make a person more susceptible to Health is the state of being free from illness or disease. It

around the plant to where growth is occurring anather type of illness: rafers to physical and mental wellbsing.

(root and shoot tips), as well as to the organs immune disorders = increased risk of infectious disease Disaase and lifestyle factors, such as diet, stress, smoking,

which store the food. The transport occurs alcohol consumption and the use of illegal drugs, can all

in all directions throughout the plant. viral infection of cells — increased risk of cancer impact the health of a person.

The cells making up the phloem tube are Some conditions are associated with certain lifestyle choices:

immune reactions — can trigger allergies

living, with small holes in the walls where the

= Liver conditions are associated with poor diet and prolonged
cells are joined.

wery poor physical health — increased risk of depression or other mental

Transpiration and Translocation

Transpiration is the loss of water, by evaporation and diffusion,
from the leaves of the plant. Water is a cohesive molecule and as it evaporares,
there is less water in the leaf, so water from further back moves up to take
its place. This, in turn, draws more water with it. This is the transpiration
stream.

Transpiration occurs naturally as there is 2 tendency for water to diffuse
from the leaves (where the concentration is relatively high) to the air around

the plants (where the concentration is relatively low), via the stomata.

Environmental factors can change the rate at which transpiration occurs:
- Increased light intensity will increase the rate of transpiration because light
stimulates the stomata to open. The leaf will also be warmed by the sunlight.

Increased temperature will cause the water to evaporate more quickly and
s0 increase the rate of transpiration.

Increased humidity (moisture in the air} will reduce the rate of
transpiration. Whereas if the air becomes drier, the rate increasss.
A greater concentration gradient will increase the rate of diffusion.

If the wind speed increases, then the rate of transpiration also increasss.
This is because as the water surrounding the leaves is moved away more
quickly, the con

o

ation gradi isi

If the water content in the soil is decreased, then the rate of absorption in
the roots decreases. This causes the stomata to become flaccid and close,
reducing transpiration. If the loss of turgor affects the whole plant, then it
will wilt.

illness

excessive alcohol consumption.

= Lung cancer is associated with smoking.

associated with the use of illegal or recreational drugs.
= Obesity and diabetes are associated with poor diet.

- Anxiety and depression are associated with stress
prolonged excessive alcohel consumption.

There can often be correlations between some factors
and types of illness or specific diseases.

For example, in the graph shown to the right, there is a
positive correlation between the number of cigarettes

smoked and the number of lung cancer deaths.

However, there are other factors which can contribure
to the development of lung cancer e.g. working with
asbestos, genetic predisposition.

This means that although the evidence in the graph
gives a strong indication that smoking is 2 cause of
lung cancer, it cannot be stated that ‘smoking will
cause lung cancer’. Mot every person who smokes
will develop lung cancer and not every person who
develops lung cancer will be a smoker.

Therefore, it can be stated that smoking increases the
risk of lung cancer.
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Heart Disease (Treatments)

There are a range of medical treatments for heart disease.

blocked arteries, restoring blooed flow.

- Offers long-term benefits.

- Made from metal alloys so will not be rejected by the
patients body.

- Improved quality of life.

[reatment Advantages _
statins Drugs used to lower cholesterol levels in the blood, | - Can be used to prevent heart disease developing. - Long-term treatment.

by reducing the amount produced in the liver. - Improved quality of life. - Possible negative side-effects.
stents Mechanical device which is used to stretch narrow or | - Used for patients where drugs are less effective. - Reguires surgery under general anassthetic, which

carries risk of infection.

heart transplant | The entire organ is replaced with one from an organ
donor (a person whe has died and previeusly expressed

a wish for their organs to be used in this way).

- Can treat complete heart failure in a person.
- extended life
- Improved quality of life.

- Artificial plastic hearts can be used temperarily unzil
a donor is found.

= Requires major surgery under general anaesthetic,

- Lack of donors available.
- Risk of infection or transplant rejection.

- Long recovery times.

which carries risks.
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Science - Chemistry

Atomic Structure and the Periodic Table - Foundation and Higher

Atoms

Contained in the nucleus are the protons and neutrons. Moving around the nucleus are

the electron shells. They are negatively charged.

Particle Relative Mass Charge
proton 1 +1
neutron 1 4]
electron Very small -1

(e

[ pu——
= T
[~ —

Overall, atoms have no charge; they have the same number of protens as electrons. An
ion is a charged particle - it does not have an equal number of protons to electrons.

Atomic Number and Mass Number

6 1201

atomic
number

c

Equations and Maths

To calculate the relative atomic weight, use
the following equation:

relative atomic weight (A) =

sum of (isotope * isotope mass number)
sum of abundances of all isotopes

Balancing Symbeol Equations

There must be the same number of atoms on
both sides of the equation:

CHa + 202 = 2H:0 + COz

c=1
0=4
H=4

Elements
Elements are made of atoms with the same atomic number. Atoms can be represented as
symbols.
N = nitrogen  F = fluorine  Zn=zinc  Ca = calcium
Isotopes — an isotope is an 1 Isotope Protons Electrons Neutrons
. 1
with the same number of protons H i i 1i1=0
but a different number of neutrons. 1
They have the same atomic number, 2 H . . di1e1
but different mass number. 1
3
H 1 1 3-1=2
1

Compounds - a compound is when two or more elements are chemically joined.
Examples of compounds are carbon dioxide and magnesium oxide. Some examples of
formulas are CO4, NaCl, HCL, H;0, Na;S0.. They are held together by chemical bonds and

are difficult to separate.

Chemical Equations

A chemical reaction can be shown by using a
word equation.

£.0. magnesium + oxygen—= magnesium oxide
On the left-hand side are the reactants, and
the right-hand side are the products.

They can also be shown by a symbol
equation.
e.g. 2Mg + 0: > 2Mg0D

Equations need to be balanced, so the same
number of atoms are on each side. To do this,
numbers are put in front of the compounds.

Mixtures, Chromatography and Separation
Mixtures — in a mixture there are no chemical
bonds, so the elements are easy to separate.
Examples of mixtures are air and salt water.

Chromatography - to
separate out mixtures.

Filtration - to separate
solids from liquids.
piece of woad

pin

poper
Beaker —»

ink spot ————s@

water —

start
Evaporation - to
separate a soluble

salt from a solution;

a quick way of
separating out the salt.

Crystallisation - to
separate a soluble
salt from a solution;
a slower method of
separating out salt.
Wy
[MARAR

7

Mt

1l
/
{

Separating out salt from rock salt:
1. Grind the mixture of rock salt.
2. Add water and stir.

3. Filter the mixture, leaving the sand in the
filter paper

CHy + 20z - 2H:0 + CO:

4, Evaporate the water from the salt, leaving
the crystals.

Atomic Structure and the Periodic Table - Foundation and Higher

Distillation

To separate out mixtures of liquids.

1. Simple distillation - separating a liquid
from a solution.

thermometer (100%c) 7 &

- M

2. Fractional distillation - separating out a
mixture of liquids. Fractional distillation
can be used to separate out crude oil into

fractions.
gas 20°C
asoline (petrol)
kerosene
crude oil diesel oil

uel oil

f lubricating oil,
urnace

History of the Atom

Scientist Time Discovery
John Dalton start of 19 Atoms were first described as solid spheres.
century

17 Thomson 1897 Plum pudding model - the atom is a ball of
charge with electrons

Ernest Rutherford | 1909 Alpha scattering experiment — mass
concentrated af the centre; the nucleus is
charged. Most of the mass is in the nucleus.
Most atoms are empty space.

Miels Bohr around 1911 Electrons are in shells orbiting the nucleus.

Jumes Chadwick around 1940 Discovered that there are neutrons in the
nuclews.

Electronic Structure

Electrons are found in shells. A

maximum of two in the most inner

shell, then eight in the 2" and 3«
shell. The inner shell is filled first,
then the 2™ then the 3+ shell.

parafin wax, asphalt

Group 7 Elements and Noble Gases

Metals and Non-metals
They are found at the left part of the periodic
table. Non-metals are at the right of the table.

Metals

Are strong, malleable, good conductors of
electricity and heat. They bond metallically.

Non-Metals

Are dull, brittle, and not always solids at room

temperature.

Halogens

The halogens are non-metals: fluorine, chlorine, bromine, iodine. As
you go down the group they become less reactive. It is harder to gain
an extra electron because its outer shell is further away from the
nucleus. The melting and boiling points also become higher.

Noble Gases

The noble gases (group 0 elements) include: helium, neon and argon.

They are un-reactive as they have full outer shells, which makes them

very stable. They are all colourless gases at room temperature.

The boiling points all increase as they go down the group - they have
greater intermolecular forces because of the increase in the number of

electrons.

Alkali Metals

The alkali metals (group
1 elements) are soft, very
reactive metals. They all
have one electron in their
outer shell, making them
very reactive. They are low
density. As you go down
the group, they become
more reactive. They get
bigger and it is easier to
lose an electron that is
further away from the
nucleus.

Development of the Periodic
Table

In the early 1800s, elements
were arranged by atomic
weight. The periodic table was
not complete because some

of the elements had not been
found. Some elements were put
in the wrong group.

Dimitri Mendeleev (1869) left
gaps in the periodic table. He
put them in order of atomic
weight. The gaps show that

he believed there was some
undiscovered elements. He was
right! Once found, they fitted in

They form ionic compounds
with non-metals.

the pattern. They react with water and
produce hydrogen.

The Modern Periodic Table Eg.

Elements are in order of atomic l:lth_i“m + water

weight/proton number. It lithium hydroxide + hydrogen

shows where the metals and
non-metals are. Metals are on
the left and non-metals on

the right. The columns show
the groups. The group number
shows the number of electrons
in the outer shell. The rows are
periods - each period shows
another full shell of electrons.

2Li + 2Hz0 = 2Li0H + H:

They react with chlorine
and produce o metal salt.

Eg.
lithium + chlorine =
lithium chloride

The periodic table can be used
to predict the reactivity of
elements.

2Li + Cl, = 2LiCl

They react with oxygen to
form metal oxides.
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The three states of matter are solid, liguid and gas.

For a substance 1o change from one state to another,
energy must be transferred.

The particles gain energy. This results in the breaking
of some of the attractive forces between particles
during melting.

the particles.

Note the difference betwesn boiling and evaporation.
‘When a liguid evaporates, particles leave the surface
of the liquid only. When a liguid boils, bubbles of

The amount of energy nesded for a substance to
change state is dependent upon the strength of the
attractive forces betwsen particles. The stronger
the forces of attraction, the more energy needed
to break them apart Substances that have strong
attractive forces between particles generally have
higher melting and boiling points.

The particles in a solid are arranged in a regular
pattern. The particles in a solid vibrate in a fixed
position and are tightly packed together. The particles
in a solid have a low amount of kinetic energy.

Solids have a fixed shape and are unable to flow like
liquids. The particles cannot be compressed becauss

the particles are very close together.

To evaporate or boil a liquid, more energy is needed
to overcome the remaining chemical bonds betwaen
The chemical bonds between particles are not represented in the diagrams above.

Particles are represented as solid spheres - this is not the case. Particles like atoms are mostly empty space.

Particles are not always spherical in nature.

gas form th hout the liquid before rising 1o the If the given temperature of the substance is between
rface and . the melting point and boiling point, the substance
surface and escaping.

In chemical equations, the three states of matter are represented as symbols:

solid (s)
liquid (1)

g2 (g)
aqueous (ag)

Agueous solutions are those that are formed when a substance is dissolved in water

e @

The particles in a gas are randomly arranged.

The particles in a gas are able to move around
wvery quickly in all directions. Of the three states of
The particles in a liquid are randomly arranged. matter, gas particles have the highest amount of
The particles in a liquid are able to move around each kinetic energy.
other. The particles in 2 liquid have 2 greater amount | Gases, like liquids, are able to flow and can fill the
of kinetic energy than particles in a solid. container that they are placed in. The particles in a

Liquids are able 1o flow and can taka the shape of gas are far apart from one another which allows the

the container that they are placed in. As with a solid, particles to move in any direction

be compressed; when
the particles have empty space to move into.

liquids cannot be compressed because the particles | Gases can squashed,

are close together.

If the given temperature of 2 substance is lower
than the melting point, the physical state of the

substance will be solid.

will be a liquid.

If the given temperature of the substance is higher
than the boiling point, the substance will be a gas.

Chemistry (Combined Science) Unit 2: Bo

ing, Structure and Properties of Matter

Ions are charged particle. They can be either
positively or negativaly charged, for example Ma*or
cl.

When an element loses or gains electrons, it becomes

an ion.
Metals lose elactrons to become positively charged.

Non-metals gain electrons to become negatively

charged.

Group 1 and 2 elements lose electrons and group &
and 7 elements gain electrons.

Metallic bonding occurs between
metals only. Positive metal ions are
surrounded by a sea of delocalised
electrons. The ions are tightly
packed and arranged in rows.

There are strong slectrostatic forces

Ionic bonding occurs between a metal and a
non-metal. Metals lose electrons to become
positively charged. Opposite charges are
attracted by electrostatic forces - an ionic

Covalent bonding is the sharing of a pair of electrons between atoms to gaina
full outer shell. This eccurs between non-metals only. Simple covalent bonding
occurs between the molecules below. Simple covalent structures have low
melting and boiling points - this is because the weak intermolecular forces
that hold the molecules together break when a substance is heated, not the
L * ggr P

strong covalent bonds between atoms. They do not conduct electricity as thay

+

e

do not have any free delocalised alectrons.

Dot and cross diagrams are useful to show the bonding in simple molecules.
The outer electron shell of each atom is represented as a circle, the circles
from each atom overlap to show where there is a covalent bond, and the
electrons from each atom are either drawn as dots or crosses. There are two

of attraction betwseen the positive
metal ions and negatively charged

alectrons,

OO

Ionic Compounds
Ionic compounds form structures called giant
lattices. There are strong electrostatic forces

different types of dot and cross diagram - one with a circle to represent the

outer electron shell and one without.

You should be able to draw the dot and cross

1 1 Li Lit+ e Pure metals are too soft for many | of attraction that act in all directions and -
i ing si - | H| H
— uses and are often mixed with other | act batween the oppositely charged fons that diagrams for the following simple covalent structures: | : ;
2 +2 Ca—»Ca®’+ 2e metals to make alloys. The mixture | make up the giant ionic lattice. chlorine, oxygen, nitrogen, water, ammonia,
of the metals introduces different- e hydrogen chloride and methane. L
& -2 Br + e —p Br- .
sized metal atoms. This distorts
7 -1 0+ 2e—» 0% the layers and prevents them

from sliding over one another.

This makes it harder for alloys to be

bent and shaped like pure metals.
Metals are found on the left-hand side of the
periodic table. Metals are strong, shiny, mallsable

Properties of Ionic Compounds
- High malting point - lots of energy needed
o overcome the slectrostatic forces of

attraction.
and good conductors of heat and electricity. On the

other hand, non-metals are brittle, dull, not always High boiling point

solids at room temperature and poor conductors of

Cannot conduct electricity in a solid as the
heat and electricity. Non-metals are found on the

right-hand side of the periodic table.

ions are not free to move.

Ionic compounds, when melten or in
solution, can conduct electricity as the ions
are free to move and can carry the electrical

current.




Structural Formulae

In this type of diagram, the
element symbol represents
the type of atom and the
straight line represents the

covalent bonding between

each atom.
The structure of small
molecules can also  be

represented as a 30 model.

Each carbon atom is bonded @
to four other carbon atoms, &
making  diamond  very @ ® ©
strong. Diamond has a high N ot

) o eg©
melting and boiling point. @ & ® 1"

Large amounts of energy are
needed to break the strong covalent bonds between
each carbon atom. Diamond does not conduct

electricity because it has no free electrons.

Silicon dioxide (silicon and oxygen atoms) has a
similar structure to that of diamond, in that its
atoms are held together by strong covalent bonds.
Large amounts of energy are needed to break the
strong covalent bonds therefore silicon dioxide,
like diamaond, has a high melting and boiling point.

AQA GCSE Chemistry (Combined Scien

Graphite is made up of
layers of carbon arranged
in hexagons. Each carbon

is bonded to three other .
+

carbons and has one free
delocalised electron that is

able to move betwesn the layers. The layers are held
together by weak intermolecular forces. The layers of
carbon can slide over each other easily as there are no
strong covalent bonds between the layers. Graphite
has a high melting point because a lot of energy
is needed to break the covalent bonds between the

carbon atoms. Graphite can conduct electricity.

Graphene is one layer of Uu-_luu

graphite. It is very strong ey
because of the covalent o0 _ o
bonds between the carbon |
atoms. As  with graphits, '
sach carbon in graphens
is bonded to three others with one free delocalised
electron. Graphene is able to conduct electricity.
Graphens, when added to other materials, can
make them even stronger. Useful in electricals and

composites.

e) Unit 2: Bonding, Structure and Properties of Matter

MNanoscience refers to structures that are 1-100nm
in size, of the order of a few hundred atoms.
Manoparticles have a high surface area to volume
ratio. This means that smaller amounts are neadad
in comparison to normal sized particles. As the side
length of a cube decreases by a factor of 10, the
surface area to volume ratio increases approximately

nanoparticle 1-100nm
fine particles (PMzs) 100-2500nm
coarse particles (PMig) 2500-10000nm

Polymers are long chain molecules that are made up
of many smaller units called monomers. Atoms in a
polymer chain are held togsther by strong covalent

bonds. Between polymer molecules, there are

inter forces. Inter lar forces attract
polymer chains towards each other. Longer polymer
chains have stronger forces of attraction than sherter

ones therefore making stronger materials.

Molecules of carbon that are
shaped like hollow tubes or

Py T A
. ) - al
balls, arranged in hexagons ¢ &.

-
of five or saven carbon atoms. Y ‘v)" o
They can be used to deliver % Y ,‘13
drugs into the body. i
Buckminsterfullerene has the formula Ceo

Carbon Nanotubes ars tiny carbon cylinders that
are very long compared to

their width. Nanotubes can
conduct electricity as well ¢
as strengthening materials -

adding
The properties of

without much
weight.
carbon nanotubes make tham

useful in electronics and nanotechnology.

As nanoparticles are so small, it makes it possibla
for them to be inhaled and enter the lungs. Once
inside the body, nanoparticles may initiate harmful

and toxic sub

because of their large surface area to volume ratio.

could bind to them

Manoparticles have many applications. These include
medicine, cosmatics, sun creams and decdorants.

They can also be used as catalysts.

Madern

phenomenon therefore it is difficult for scientists to

nanoparticles are a relatively new

truly determine the risks associated with them.
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Quantitative Chemistry Knowledge Organiser - Foundation

Conservation of Mass

No atoms can be created or made
during a chemical reaction, so the
mass of the reactants will equal the
mass of the product.

Reactions can be shown as a word or
symbol equation.

magnesium + oxygen —>

magnesium oxide

Mg + 0> MgO

Symbol equations should also be
balanced; they should have the same
number of atoms on each side.

2Mg + 0, 2Mg0

Relative Formula Mass
The relative formulas mass is the

sum of all the relative atomic
masses of the atoms in the
formula.

Examples:

HClL

A ofH=1

A of Cl=355

1+355=365

H:S0.

AofH=1
A of 5= 32
A of O =16

(1%2) 32+ (16 x &)
2+32+64=0938

Calculating Percentage Mass of an Element in a
Compound
percentage mass of an element in a compound =

number of atoms of that el t
M, of the compound

A, %

Find the percentage mass of magnesium in
magnesium oxide.

A, of magnesium = 24
M, of MgO = 24 + 16
=40

A, of oxygen = 16

A 16

%mE.BS:Wr:E:O.[l 0.4 = 100 = 40%

Concentration of Solutions

Concentration is the amount of a substance in a specific volume
of a solution. The more substance that is dissolved, then the more

concentrated the solution is.

It is possible to calculate the concentration of a solution with the

following equation:

concentration (g/dm?) = mass (g) < volume of solvent (dm?)

The equation can be rearranged to find the mass of the dissolved

substance:

mass (g) = concentration (g/dm®) * volume (dm?)

Conservation of Mass
Show that mass is conserved in a reaction.

2Mg + 0, - 2Mg0

(2 = 24) + (2 x 16) > 2(24 + 16)
48 + 32 > 2 x40

80 > 80

Total M, on the left-hand side of the equation is
the same as the M, on the right-hand side.

Calculate the mass of the product.
8g of magnesium reacts with 6g of oxygen:

8 + 6 = 14g of magnesium oxide

During a reaction the mass can change. If one of
the reactants is a gas, the mass can go up.
Eg

magrnesium + oxygen -» magnesium oxide

Oxygen from the air is added to the magnesium
(making the product) which will be heavier in
mass.

If one of the products is a gas, the mass can go
down.

Eg

sodium carbonate -+ sodium oxide + carbon
dioxide

When sodium carbonate is thermally
decomposed, carbon dioxide gas is produced and
released into the atmosphere.

g
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ntitative Chemistry Knowledge Organiser - Higher

Conservation of Mass

Mo atoms can be created or made during
a chemical reaction, so the mass of the
reactants will equal the mass of the

product.

Reactions can be shown as a word or

symbol equation.

magnesium + oxygen =~ magnesium oxide

Mg + 0 = MgO

Symbol equations should also be
balanced; they should have the same

number of atoms on each side.

2Mg + 0,~> 2Mg0

Relative Formula Mass

The relative formula mass
(M,) is the sum of all the
relative atomic masses (A,) of
the atoms in the formula.

Examples:
HCL

Aof H=1
Aof Cl= 355

M,of HCI =1 + 355 = 36.5

H.S0,

AofH=1
A ofS=32
A of0=16

M, of H,S0q = (1 x 2) + 32 +
(16 x &)

M,of H,S04 = 2 + 32 + 64
M, of H,S04 = 98

Calculating Percentage Mass of an Element
in a Compound

percentage mass of an element in a
compound =

number of atoms of that el t
M, of the compound

A=

Find the percentage mass of oxygen in
magnesium oxide.
A, of magnesium = 24 A, of oxygen = 16
M, of Mg0 = 24 + 16
= 40
16

A 16 -
% mass = .- = 75 = 0.4 0.4 x 100 = 40%

Concentration of Solutions

Concentration is the amount of a substance in a specific volume
of a solution. The more substance that is dissolved, then the more

concentrated the solution is.

Conservation of Mass
Show that mass is conserved in a reaction.

2Mg + O; > 2Mg0

(2% 24) + (2 = 16) > 2(24 + 16)
48 + 32+ 2 % 40

80 > 80

During a reaction the mass can change If one of the
reactants is a gas, the mass can go up.

Eg

magnesium + oxygen —» magnesium oxide

Oxygen from the air is added to the magnesium
(making the product) which will be heavier in mass.

]
]

If one of the products is a gas, the mass can go
down.

Eg

sodium carbonate - sodium oxide + carbon dioxide

When sodium carbonate is thermally decomposed,
carbon dioxide gas is produced and released into the
atmosphere.

Total M, on the left-hand side of the equation
is the same as the M, on the right-hand side.

It is possible to calculate the concentration of a solution with the
following equation:

concentration (g/dm’) = mass (g) = volume of solvent (dm?)

The eguation can be rearranged to find the mass of the dissolved

substance:

mass (g) = concentration (g/dm®) = volume (dm?)

Calculate the mass of the product.
bg of magnesium reacts with &g of oxygen:
6 + & = 10g of magnesium oxide

AQA GCSE Chemistry (Combined Science) Unit 5.3: Quantitative Chemistry Knowledge Organiser - Higher

The Mole
The Avogadro constant, 6.02 x 10, is the number of molecules of a
substance that make up one mole of that substance.

Iron has an A of 56, 50 1 mole of iron has a mass of 56g.
Oxygen (02) gas has an M, of 32, so 1 mole of oxygen has a mass of 32g.

Ammonia (NHz) has an Mr of 17, so 1 mole of ammonia has a mass of
17g.

number of moles = mass in g (of an element or compound )

M, (of the element or compound)

Limiting Reactions
If one reactant gets used up in a reaction before the other, then the
reaction will stop. The reactant that has been used up is limiting.

If you halve the amount of reactant then the amount of product will
also be halved.

Moles and Equations
Write a bal d symbal eq for the
reacts with 10.65g of chlorine to form iron chloride.

in which 5.6g of iron

‘Work out the M, of all the substances.
A of Fe =56 and A of Cl = 355

Divide the mass of each sub by its M, to
of each substance reacted or produced.

leulate how many moles

moles Fe = 5.6/56 = 0.1
moles Cl - 10.65/35.5 - 0.3
Divide by the smallest number of moles
Fe-0.1 -1 cl-03 -3
01 01
‘Write down the balanced symbol equation.
Fa + 3Cl
Chlorine exists as Clz so the whole thing must be multiplied by 2.

2Fe + 3Clz = 2FeCls
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The Reactivity Series

Here's a mnemonic te help you learn the order:
purple (potassium)
slime (sodium)

ean (calcium}
make (magnesium)
a (aluminium)
careless (carbon) carbon —
zebra (zinc)
insane (iron)
try (tin}
learning {lead)
how (hydrogen)

hydrogen —

camels (copper) silver
surprise (silver) gold
gorillas (gold) platinum

The reactivity series is a league table for metals. The more reactive metals
are near the top of the table with the least reactive near the bottom.
In chemical reactions, a more reactive metal will displace a less
reactive metal.

it 4: Chemical Changes Knowledge Organisi

Reactions of Acids
The general formula for the reaction betwsen an acid and a metal is:
acid + metal —w salt + hydrogen

For example: hydrochloric acid + sodium —= sodium chloride + hydrogen
ZHCL + 2Na —s ZNaCl * Ha

When an acid reacts with an alkali, a neutralisatien reaction takes place
and a salt and water are produced.

The general formula for this kind of reaction is as follows:
acid + alkali — salt + water
hydrachleric acid + sodium hydroxide —» sodium chloride + water

HCl + NaOH —» NaCl + H;0

Reactions with Carbonates

The general formula for the rezction between an acid and a carbonate is:
acid + carbonate —s= salt + water + carbon dioxide

hydrochloric acid + calcium carbonate —» calcium chloride + water
+ carbon dioxide

Naming Salts
The first part comes from the

Acid Used Salt Produced
metal in the metal carbonate, " "
! hydrochlori chlorid
axide or hydroxide. The second yd ? - < - e
part of the name comes from the pitrie nitrate
acid that was used to make it. sulfuric sulfate

For example, sedium chloride.

pH Scale

acid Aot

Strong

Wek Weak

In aqueous solutions, acids produce H' jons and alkalis produce OH fons,
Neutral solutions are pH7 and are neither acids or alkalis.

For example, in neutralisation reactions, hydrogen ions from an acid
react with hydroxide ions from an alkali to produce water:

H* + OH" —= H:0

Reactions of Metals with Water
Metals, when reacted with water, produce a metal hydroxide and

Redox Reactions (Higher Tier Only)

When metals react with acids, they underge a redox reaction. A redox
reaction occurs when both oxidation and reduction take place at the
same time.

Making Soluble Salts

1. Make a saturated 2. Filter the solution

solution by stirring to remove the

copper oxide inte excess copper

hydrogen.
lithium + water —= lithium hydroxide + hydrogen
2Li + 2H;0 —»= 2LI0OH + H,

The more reactive a metal is, the faster the reaction.

For example:

2H + Ca—»Ca’ + Hz

Ca—m Ca™ + 2¢

Reactions of Metals with Dilute Acid

2Na + ZHCL —= ZNaCl + Hz

dilute acids.

Metals, when reacted with acids, produce a salt and hydrogen.
Sadium + hydrochloric acid —s= sadium chloride + hydrogen

Metals that are below hydrogen in the reactivity series do not react with

Oxidation is loss of electrons
2H" + 27 —» Hz

Reduction is gaining of electrons.

The ionic equation can be further split into two half equations.

Reactions with Bases

acid + metal oxide —s= salt + water

Hz504 + CuQ —» CuSQ, + Hz0

The general formula for the reaction between an acid and a metal oxide is:

sulfuric acid + copper oxide —» copper sulfate + water

n

liguid into a

far 24 hours.

the sulfuric acid oxide solid.
until ne more
will dissolve.

3. Half fill a beaker 4, Add some of the

with water and set
this over 2 Bunsen
burner to heat the
water. Place an

evaporating dish on

Onee cooled, pour

the remaining

crystallising dish
and leave to cool

solution to the
evaporating basin
and heat until

crystals begin

to form.

top of the beaker.

— Remove the

crystals with a
spatula and pat
dry between
paper towels,

Strong and Weak Acids (Higher Tier Only)
A strong acid completely dissociates in a solution,
For example: HCl —s= H* + CI-

Hydrochloric acid is able to completely dissociate in
solution to form hydrogen and chloride ions.
Examples of strong acids include nitric acid (HNOs)
and sulfuric acid (Hz50.).

Weak acids in comparison only partially dissociate.
For example acetic acid partially dissociates to form a
hydrogen and acetate ion.

CH;COOH == CH;COO0" + H°

The double arrow symbol indicates that the reaction
is reversible. Both the forward and reverse reaction
occur at the same time and the reaction never goes
to completion.

AQA GCSE Chemistry (Combined Science) Unit 4: Chemical Changes Knowledge Organiser

The Process of Electrolysis

Electrolysis is the splitting up of an lonic substance
using electricity.

On setting up an electrical circuit for electrolysis, two
electrodes are required to be placed in the electrolyte.
The electrodes are conducting rods. One of the rods
is connected to the positive terminal and the other to
the negative terminal,

The electrodes are inert (this means they do not react
in the reaction) and are often made from graphite
or platinum.

During the process of electrolysis, opposites attract.
The positively charged ions will be attracted toward
the negative electrode. The negatively charged lons
will be attracted towards the positive electrode.
When ions reach the electrodes, the charges are lost
and they become elements,

The positive electrode is called the anode,

The negative electrode is called the cathode.

Electrolysis of Aqueous Solutions

Gases may be given off or metals deposited at the
electrodes. This is dependent on the reactivity of the
elements involved.

If the metal is more reactive than hydrogen in the
reactivity series, then hydrogen will be produced at
the negative cathode. At the pesitive anode, negatively
charged ions lose electrons, This is called oxidation
and you say that the ions have been oxidised.

Using Electrolysis to Extract Metals

Metals are extracted by electrolysis if the metal in
guestion reacts with carben or if it is too reactive to
be extracted by reduction with carbon. During the
extraction process, large quantities of energy are used
to melt the compounds.

Aluminium s manufactured by the process of
electrolysis. Aluminium oxide has a high melting
point and melting it would use large amounts of
energy. This would increase the cost of the process,
therefore molten cryolite is added to aluminium oxide
to lower the melting point and thus reduce the cost.

Electrolysis of Molten Ionic Compounds -

Lead Bromide

Lead bromide is an ionic substance. Tonic substances,
when solid, are not able to conduct electricity. When
malten or in solution, the ions are free to move and
are able to carry a charge.

The positive lead lons are altracted toward Lhe
negative cathode at the same time as the negative
bromide ions are attracted toward the positive anode,

Oxidation is the loss of electrons and reduction is the
gaining of electrons. OIL RIG (Higher Tier Only),

We represent what is happening at the electrodes by
using half equations (Higher Tier Only).

The lead ilons are attracted towards the negative
electrode, When the lead ions (Ph?") reach the cathade,
each ion gains two electrons and becomes a neutral
atomn. We say that the lead ions have been reduced.
Bo* + 2o — bh

The bromide lons are attracled towards the positive
electrode, When the bromide ions (Br-) reach the
anode, each ion loses one electron to become a
neutral atom. Two bromine atoms are then able to
bond together to form the covalent malecule Bry.

2Br" —= Bry + 2e”
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Exothermic and Endothermic Reactions

bonds are broken and when new bonds are made.

in temperature as the reaction takes place,

decrease in temperature as the reaction takes place

o .
mic

Eating sherbet is an everyday ple of an

When a chemical reaction takes place, energy s involved. Energy is transferred when chemical

Exothermic reactions are those which involve the transfer of energy from the reacting chemicals to
the surroundings. During a practical investigation, an exothermic reaction would show an increase

Examples of exothermic reactions include combustion, respiration and neutralisation reactions.

Hand-warmers and self-heating cans are examples of everyday exothermic reactions.

Endethermic reactions are those which involve the transfer of energy from the surroundings to

the reacting chemicals. During a practical investigation, an endothermic reaction would show a

Endothermic

Exothermic

Examples of endothermic reactions include the thermal decompasition of calcium carbonate.
. When the sherbet dissolves in the saliva in your mouth, it produces a cooling

effect. Another example is instant ice packs that are used to treat sporting injuries,

Activation Energy - the minimum amount of energy required for a
chemical reaction to take place.

Catalysts — increase the rate of a reaction. Catalysts provide an
alternative pathway for a chemical reaction to take place by lowering
the activation energy.

Reaction Profiles - Exothermic

Energy level diagrams show us what is happening in a particular
chemical reaction. The diagram shows us the difference in energy
between the reactants and the products,

In an exothermic reaction, the reactants are at a higher energy level
than the products.

In an exothermic reaction, the difference in energy is released to the

surroundings and so the temperature of the surroundings increases.

& Activation

Emrgg/ - e

released Products

Potential Energy

Reaction Progress

Reaction Profiles - Endothermic

In an endothermic reaction, the reactants are at a lower energy level
than the products.

In an endothermic reaction, the difference in energy is absorbed from
the surroundings and so the temperature of the surroundings decreases.

4 activation
Energy

=
=4
2
w
E Products
£ *\ Energy
] e absorbed
& Reactants

=

Reaction Progress

Bond Making and Bond Breaking

In an endothermic reaction, energy is needed to break chemical bonds.
The energy change (AH) in an endothermic reaction is positive.

You may also find, in seme textbooks, AH referred to as the
enthalpy change.

In an exothermic reaction, energy is needed to form chemical bonds.
The energy change (AH) in an exothermic reaction is negative.

Bond energies are measured in kJ/mol.

AQA GCSE Chemistry (Combined) Unit 5 Energy Changes Knowledge Organiser

Calculations Using Bond Energies (Higher Tier Only)

Calculate the change in energy for the reaction: 2H;0; — 2H;0 + O

Bond energies are used to calculate the change in energy of a chemical reaction.

Required Practical
Aim

The First step is to write the symbol equation for the reaction.
Once you have done this, work out the bonds that are breaking
and the ones that are being made.

2H-0-0-H —» 2H-0-H + 0-0

neutral and displ
Bond Energy
Bond
kl/mol Equipment
W0 464 « polystyrens cup

oo 146 + measuring cylinder
+ thermometer

0=0 498
« 250cm’ glass beaker

0On the left-hand side of the equation, the bonds are breaking,
There are two O-H bonds and one 0-0 bend,
So 466 + 146 + 464 = 1074

50 1074 = 2 = 2148

On the right-hand side of the equation, the bonds are made.
There are two H-0 bonds
So 466 + 464 = 928

S0 928 x 2 = 1856
There is also one 0=0 bond with a bond energy of 498
S0 1856 + 498 = 2354

AH = sum (bonds broken) - sum (bonds made)
AH = 2148 - 2354 = -206 kl/mol
The reaction is exothermic as AH is negative.

There are two moles of Hz0; therefore the answer needs to be multiplied by two.

Two moles of H20 are made therefore the answer needs to be multiplied by two.

measuring cylinder

top pan balance

Method
1. Gather the eqguipment.

(LI

o

To investigate the variables that affect temperature changes in
reacting solutions, e.g. acid plus metals, acid plus carbonates,
t of metals. .

2. Place the polystyrene cup inside the beaker. This will prevent the cup from falling over.

3. Using a measuring cylinder, measure out 30cm’ of the acid. Different acids such as hydrochloric or sulfuric
acid may be used, Pour this into the polystyrene cup.

. Record the temperature of the acid using a thermometer.

. Using a top pan balance, measure out an appropriate amount of the solid (for example, 10g} or use one
strip of a metal such as magnesium.

. Add the sslid to the acid and record the temperature. You may choose to record the temperature of the acid
and metal every minute for 10 minutes.
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Atomic Structure Knowledge Organiser - Foundation and Higher

Developing the Model of the Atom Isotopes Beta
An isotope is an element with the same | Beta radiation is a fast moving electron that
e | e o rovns b« ot e | o st 2 e o s,
John Dalton Start of 19th century | Atoms were first described as solid spheres. of neutrons. They have the same atomic radiation is emitted by an atom when a neutron

splits into a proton and an electron.

number, but different mass numbers.

11 Thomson 1897 Thomson suggested the plum

0
pudding model - the atom is a . e
-1

ball of charge with electrons

scattered within it.

Betoe

Ernest Rutherford 1909 Alpha Scattering experiment —

Some isotopes are unstable and, as a result,
Rutherford discovered that

decay and give out radiation. Ionising

the mass is concentrated at radiation is radiation that can knock

the centre and the nucleus electrons off atoms. Just how ionising this

is charged. Most of the mass radiation is, depends on how readily it can

Lead
is in the nucleus. Most atoms do that.
are empty space. Alpha Gamma
Niels Bohr Around 1911 Bohr theorised that the Alpha radiation is an alpha particle emitted | A gamma wave is 2 wave of radiation and is

electrons were in shells from the nucleus of a radioactive nuclei. It || the most penetrating - stopped by thick lead

is made from two protons and two neutrons. || and concrete.

orbiting the nucleus. They can't travel too far in the air and are the

® least penetrating - stopped by skin and paper.
* However, they are highly ionising because of
[®] their siza.
-
James Chadwick Around 1940 Chadwick discovered neutrons in the nucleus. - -
-
- _-
-
Atomic Structure Knowledge Organiser — Foundation and Higher
Half-life Alpha Decay Equations Beta Decay Equations
The half-life is the time taken for the number of radioactive nuclei in an isotope to | An alpha particle is made of two protons and two A neutron turns into a proton and releases a an
halve. neutrons. The atomic number goes down by two and its electron. The mass of the nucleus does not change
Radioactivity is a random process — you will not know which nuclei will decay | ™25 number decreases by four. but the number of protons increases.

Radioactive decay is measured in becquerels Bg. 1 Bg is one decay per second.
&-&e -84 -
L3

Radioactive substances give out radiation from their nucleus. B . 1 0
R "Rn “He gt 4Be 4
A graph of half-life can be used to calculate the half-life of a material and will always | Gamma rays Alpha radiation is more dangerous inside
have this shape: There is no changs to the nucleus when a radioactive the bOd)'- Itis highl}" ionising and able to
50 ] source emits gamma radiation. It is the nuclsus getting cause a lot of damage, Outside the bOdy
rid of axcess anergy. it is less dangerous because it cannot
0 penetrate the skin.
e
5 50 Beta radiation is less dangerous inside
'g the body as some of the radiation is able
3 — to escape. Outside the body it is more
E ] Contamination dangerous as it can penetrate the skin.
YU 20 When unwanted radioactive atoms get onto
an object, it is possible for the radicactive .
° .J ' p ) Gamma radiation is the least dangerous
\*—-._____ particles to get inside the body. o -
0 r T T — T T inside the body as most will pass out and
L T e e it is the least ionising. Gamma is more
Time (Days) Protective clothing should be worn when dangerous outside the body as it can

Judging from the graph, the radioactive material has a half-life of two days. handling radioactive material. penetrate the skin.

Irradiation
Irradiation occurs when materials are near a radioactive source. The source is sometimes

placed inside a lead-lined box to avoid this.

People who work with radicactive sources will sometimes stand behind a lead barrier,
be in a different room or use a remote-controlled arm when handling radioactive

substances.
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Energy Stores and Systems Required Practical

Power
Energy Stores | Pawer is the rate of transfer of energy - the amount of work done in a Investigating Specific Heat Capacity
kinetic Hoving objectshave fonetic || gventie. Jisthod:
thermal Al objects have thermal ensrey. 1. Using the balance, measure and record the mass of the
chemical Anything that can release energy power = energy transferred + time copper blodk in kg.
during a chenrical reacticn. 2. Wrap the insulation around the block, to reduce energy loss to

elastic potential Things that are stretched, surroundings.
gravitational potential Anything that is raised. Energy Transfer 3. Put the heater into the large hole in the block and the block
electrostatic Charges that attract or repel. Lubrication reduces the amount of friction. When an ciect maves, there onto the heatproof mat.
magnetic Magnets that attract or repel. are frictional forces acting. Some energy is lost into the environment. 4. Connect the joulemeter to measure the total energy
nuclear Zﬁr':wmlemﬁfa" atom releases | ||\ bricants, such as oil, can be used to reduce the friction between the transferred by the heater to the block.

’ surfaces,

B.  Using the pipetie, put a drop of water into the small hole.
Conduction - when a solid is heated, the particles vibrate and collide b,
miore, and the energy is transferred.

Energy can be transferred in the following ways:
mechamically - when work is done;

electrically - when moving charge does work;
heating - when energy is transferred from a hotter object to a colder 7.
abject. 8.

Put the thermometer into the small hole and measure
the temperature.
Switch the power pack to 12V and turn it an.

Record the temperature change after 10 minutes using the
thermometer.

Conservation of Energy
Energy can never be created or destroyed, just transferred from cne form g,
to another. Some energy is transferred usefully and some energy gets

Record the results in the table.

) - o Convection - when a liquid or a gas is heated, the parficles move faster, 10.  Use the equation:
into the envi - This is v &y- This means the liguid or gas becomes less dense, The denser region will
rise abowve the cooler region. This is a convection current. AE = m x C X AB

Insulation - reduces the amount of heat lost. In your home, you can )
prevent heat Lloss in a number of ways:

(- A o] (')
To calculate the SHC of the block.

= thick walls; Specific heat capacity (SHC) is the amount of energy
«  thermal insulation, such as: needed to raise the temperature of 1kg of a material by 1°C.
= loft insulation (reducing convection);

= cavity walls {reduces conduction and convection);

= double glazing (reduces conduction).

4
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Efficiency Efficiency
‘When energy is transferred, some energy is wasted. The less energy thatis | Mon-renewable - coal, cil, gas - they will all run out, they damage the environment, but provide most of the energy.
wasted during the transfer, the more efficient the transfer.

Renewable - they will never run out, can be unreliable and do not provide as much energy.
There are two equations to calculate efficiency:

efficiency = useful output energy transfer
total input energy transfer

Some energy is always wasted. Nothing s 100% efficient.

solar - using sunlight

Renevable, no pollution, in sunny countries it
is very reliable.

Lots of energy needed to build, only works
during the day, cannot increase power if
needed.

peothermal - using the energy of hot rocks

Renewable and reliable as the rocks are
always hot. Power stations have a small
impact on environment.

May release some greenhouse gases and only
found in specific places.

wind - using turbines

Renevable, no pollution, no lasting damage
to the enwironment, minimal running cost.

Mot as reliable, do not work when there is no
wind, cannot increase supply if needed.

hydroelactric - wses a dam

Renevable, no pollution, can increase supply
if needed.

A big impact on the ervironment. Animals
and plants may lose their habitats.

wave power - wave powered turbines

Renewable, no pollution.

Disturbs the seabed and habitats of animals.
Unreliable.

tidal barrages - big dams across rivers

Renewable, very reliable, no pollution.

| Biofuels

, , cal neutral.

Changes the habitats of wildlife, fish can be
killed in the turbines.

igl growing may Cause a
problem with regards to space, clearance of
natural forests.

non-renewable - fossil fuels

Reliable, enough to mest current demand,
can produce more energy when there is more
demand.

Running out, release COz, leading to global
warming, and also release 50z which causes
acid rain.

Trends in energy resources - most of our electricity is generated by burning fossil fuels and nuclear. The UK is trying to increase the amount of
renewable energy resources. The governments are aware that non-renewable energy resources are running out; targets of renewable resources have
been set. Electric and hybrid cars are also now on the market.

However, changing the fuels we use and building renewable power plants cost money. Many people are against the building of the plants near them
and do not want to pay the extra in their energy bills. Hybrid and electric cars are also guite expensive.




Physics Topic 2 Electr

y — Foundation and Higher

Required Practical

Investigating Resistance in a Wire
Independent variable: length of the wire.

Dependent variable: resistance.

Control variables: type of metal, diameter of the wire.

Conclusion: As the length of the wire increases, the

resistance of the wire also increases.

Investigating Series and Parallel Circuits with Resistors

Independent variable: circuit type (series, parallel).

Dependent variable: resistance.

Control variables: number of resistors, type of power

source.

Conclusion: Adding resistors in series increases the total
resistance of the circuit. In a parallel circuit, the more

resistors you add, the smaller the resistance.

Investigating I-V Relationships in Circuits (Using a

filament bulb, ohmic conductor, diode.)

Independent variable: potential difference/volts (V).

Dependent variable: current (A).

Control variable: number of components (e.g. 1 filament

bulb, 1 resistor), type of power source.

Set up the circuits as shown below and measure the

current and the potential difference.

orgd o o

Draw graphs of the results once collected.

Equations and Maths

Resistance

complete.

in coulombs (C).

Calculating Charge
charge flow (C) =
current (A) = time (s)
Q=1

potential difference =
current x resistance

V(V)=1(A)=R(Q)

Electric current is the flow of electric
charge. It only flows when the circuit is

The charge is the current flowing past a
point in a given time. Charge is measured

Equations voltage (V) = current (A) = resistance (Q)
Charge: Q@=1It V=1IR
Potential difference: v = IR
Energy transferred:  E = Pt Graphs of IV Characteristics for Components in a Circuit
Energy transferred: E=ov 1. Ohmic conductor: the current is directly proportional to S e
Power: P=VI the potential difference - it is a straight line (at a constant =~ —————=
Power: P=IR temperature). e

|
Maths 2. Filament lamp: as the current increases, so does the //
1kW = 1000W temperature. This makes it harder for the current to flow. -

A o

0.5KW = 500W The graph becomes less steep. //!
Charge 3. Diode: current only flows in one direction. The resistance

is very high in the other direction which means no current
can flow.

Current and Circuit Symbols

Current: the flow of electrical charge.

Potential difference (voltage): the push of electrical charge.
Resistance: slows down the flow of electricity.

cell 4{ '— closed switch | —O—O— fuse _E—
resistor _D_ ammaeter _@_ LDR \E@7
battery 4‘ I— I— voltmeter _m_ LED _@i
varizble 47_‘# o |~ | thomisor | L7

open switch | —Or"0— diode *%‘7

Circuit Devices
LDR - Light Depend
Resistor

N
An LDR is dependent on light intensity.

In bright light the resistance falls and at
night the resistance is higher.

Uses of LDRs: outdoor night lights, burglar
detectors.

Light Dependent Resistor (LDR)

Resistance
(in Ohms)
—
Light Intensity
Thermistor

A thermistor is a temperature dependent
resistor. If it is hot, then the resistance is
less. If it becomes cold, then the resistance
increases

Uses of thermistors: temperature detectors.

resistonce (ohms]

temperature [C)

Series and Parallel Circuits

Series Circuits

Once one of the components is broken then
all the components will stop working.

Potential difference - the total pd. of
the supply is shared between all the
components.

Vi =V, £V,

Current — wherever the ammeter is placed
in a series circuit the reading is the same.

L-L-1,

Resistance - In a series circuit, the
resistance will add up to make the total
resistance.

Riwa =R, * R,

Parallel Circuits

They are much more 1k
commen - if one
component stops

working, it will not ®
affect the others.
This means they
are more useful.

Potential Difference - this is the same for
all compenents.

V.=V,

Current - the total current is the total
of all the currents through all the
components.

Ly =1, + 1, + 1,

Resistance - adding resistance reduces the
total resistance.

Electricity in the Home earth wire

AC - alternating current. Constantly changing direction - UK mains
supply is 230V and has a frequency of 50 hertz (Hz).

DC - direct current. Supplied by batteries and only flows in one
direction.

Cables - most have three wires: live, neutral and earth. They are
covered in plastic insulation for safety.

outer insulation
Live wire — provides the potential difference from the mains
Neutral wire — completes the circuit.
Earth wire - protection. Stops the appliance from becoming live. Carries a current if there is a fault.

Touching the live wire can cause the current to flow through your body. This causes an electric
shock.

Energy Transferred — this depends on how long the appliance is on for and its power.
energy transferred (J) = power (W) x time (s) E=Pt

Energy is transferred around a circuit when the charge moves.

energy transferred (J) = charge flow (C) = potential difference (V) E=QV
power (W) = potential difference (V) * current (A) P=VI
power (W) = current® (A) = resistance (Q) P=IR

The National Grid

The National Grid is a system of cables and transformers. They transfer electrical power from the
power station to where it is needed. Power staticns are able to change the amount of electricity that
is produced to meet the demands. For example, more energy may be needed in the evenings when
people come home from work or school. Electricity is transferred at a low current, but a high voltage
50 less energy is being lost as it travels through the cables.

Step-up transformers — increase the voltage
as the electricity flows through the cables.

Step-down transformers - decrease the
potential difference to make it safe.




AQA Combined Science: Physics Topic 3 Particle Model of Matter

Required Practical
Measuring the density of a regularly shaped object:

- Measure the mass using a balance.
- Measure the length, width and height using a ruler.
- Calculate the volume.

- Use the derisity (p - m/V)} equation to calculate density.

Measuring the density of an irregularly-shaped object:
- Measure the mass using a balance.
- Fill a eureka can with water.

- Place the object in the water - the water displaced by the object will

transfer inte a measuring cylinder.
- Measure the volume of the water. This equals the volume of the object.

- Use the density (p = m/V) equation to calculate density.

Density

Density is a measure of how much mass there is in a given spaca.
Density (kg/m?) = mass (kg) + volume {m?)

A more dense material will have more particles in the same volume
when compared to a less dense material

Particles
Solids have strong forces of attraction. They are held together very
closely in a fixed, regular arrangement. The particles do not have much

energy and can only vibrate.

Liquids have weaker forces of attraction. They are close together, but can
maove past each other. They form irregular arrangements. They have more
energy than particles in a solid.

Gases have almost no forces of attraction between the particles.

They have the most energy and are fres to move in random diractions.

Particles

Gas particles can move around freely and will collide with other particles
and the walls of the container. This is the pressure of the gas.

If the temperature of the gas increases, then the pressure will also
increase. The hotter the temperature, the more kinstic energy the gas
particles have. They move faster, colliding with the sides of the container

more oftan.

Density

The density of an object is 3050kg/m® and it has a volume of 3.4m® -
what is its mass in kg?

8050 = mass = 3.4

8050 x 3.4 = mass

27 370kg

Internal Energy

Particles within a system have kinetic energy when they vibrate or
maove around. The particles also have a potential energy store. The total
intarnal energy of a system is the kinetic and potential energy stores.

—

AVA
L%

High Temperature

)
J%%\
TS »

e

Low Temperature

If the system is heated, the particles will gain more kinetic energy, so

increasing the internal energy.

Changing State

-
®

If a system gains more energy, it can lead 1o a change in temperaturs

or change in state. If the system is heated enough, then there will be
enough energy to break bonds.

‘When something changss state, there is no chemical change, only
physical. No new substance is formed. The substance will change back
to its original form. The number of particles does not change and mass

is conserved.

AQA Coml

Specific Latent Heat

Energy is being put in during melting and boiling. This increases the
amount of internal energy. The energy is being used to break the bonds,
so the temperature does not increase. This is shown by the parts of the

graph that are flat.

ned Science: Physics Topic 3 Particle Model of Matter
Specific latent heat is the amount of energy needed to change 1kg of a

substance from one state to another without changing the temperature.

Specific latent heat will be different for different materials.

« solid —= liquid - specific [atent heat of fusion

- liguid — - gas - specific latent heat of vaporisation

Y
- F
b T
g
@ =] E
2
g -
]
£ o
e
b B
zlid,
A —— —
Time (mins)

When a substance is condensing or freszing, the enargy put in is used
to form the bonds. This releases energy. The internal energy decreases,
but the temperature dogs not go down.

gas it Being
coalpd

figuid s being
el

Temperature ¢}

linuil frosses

anlid 15
[

costel

— —
Time {mins)

The energy needed to change the state of a substance is called the
latent heat.

Specific Latent Heat Equation

The amount of energy needed/released when a substance of mass
changes state.

energy (E) = mass (m)  specific latant heat (L)

E-mL
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Geography

Natural Hazards Knowledge Organiser (Paper 1,

Section A)

Key Terms:

Maturnl Hazard- Matural hazords ore extreme natural events
That could couse loss of life, extreme damage to property and
disrupt human activities.

Tectonic Hozard' A hozerd caused by movement in the tectonic
plates (E.&. earthquake, I.n:-lmn:-]

Climate {.'I'hl'ge .J. lung—’rerrn :hn:lr-ga in fhe e,-:l.r"rhﬁ climate,
ezpecially a change due to an increase in afmospheric
temperature.

Greenhouse Effect The nome given fo the notural process that
couses the Eorth to be warmer than it would be in the absence of
an afmesphere.

Chile 2010 Nepal 2015

—

Beaths B0 9000
IHJUI'-::I- 12,000 20,000
Affected 200,000 8,000,000
Cost $5bn 530
Other 4500 schools 7000 schools
effects d
estroyed destroyed
Responses Power and watar Half a million tents
restored to 90% of needed to provide
shelter for the homeless

homes within 10 days

Weather Hozards:

Plate Boundaries:

Constructive boundary

Al B cenabrucfee i te s plibes are Soig
apart. Pl g=a than Tordes i3 may 1S B
surTae. A4 il brad ki through B aveieing

erusl, il fauiad earthgu a ke fmeik]. Shis

POCanosy mi! 1hh margs

; Disbructien boundary
'.| . B th platied oxllida, the eosanie oot G JE0RA,
A “"\-. B riea®h thie centisantal gate. This i BRI
subduetien. This happens B s Ui olainic
plate i discar (Seavier) than the continemal

o k plate. Strang wartSquabes and composte

L walcanoe g feaul a7 this mangia
\ = T \
v R i Canamrvakbre Boundary

. *"'u'\- SN A Rkl i ngis, e Slales dre maving

gkl pach olsar, Frictios balwadn the @latsd then
Causirk vt hgaaba, Be escanoi g paagl al
thi margs

Manoging Tectonic Hozords:
Prediction: Use of past earthquake doto, monitaring
gases, seismometers to pr'Edi-:i next event.

Planning: Actions taken to enable communities to respond
to, and recover from, natural disasters (eq. evocuation,
dizaster pachs).

Protection: Actions token before a hazard strikes to
reduce the impact, such as building sea walls or boarding
up dogrs/windows.

5 Conditions for a Tropical

Storm to form:

* Seos Tlmt deep

* Warm oceans (Z7°C)

¢  5.1% north and south of the
eguator

3 Features of a
Tropical Sterm:
» Eyeincentre
s Eye wall

# Thurderstorms

5 ways Climate Change could affect Tropical
Storms:

* They could become more powerful (stronger winds)

» They moy be feund outside of the current hazard zone,

such as the south Atlanfic (warmer oceans).
* Climate chonge may increase or deerease the number of
tropical storms.

Effects of Typhoon | Responses to Typhoon Haiyan:

Haiyan: » 1700 evocuation centres set up
» 5300 deaths » French, Belgion and Isroeli field
» 600,000 displaced hﬂﬁpifﬂh set up.
+ 40000 homes *# 'Cosh for work' programmes
damoged or
flattened

Managing Tropical Storms:
+ Satellites to trock route
+ Board up windows and doors.

* 0% of Tasloban
city destroved.

» 30,000 fishing » Build seq walls
boats destroved + Evacuation plan
o 14 million affected | o picoster pack

* & million lost a
sourae of income.

Climate Change:
Bvidence of past climate change; Matural Causes of Climate Human Causes of Climate Change:
# Fossils Change » Burning fossil fuels to create energy
+ Ice cores * Changes to Eorti's orbit releases Co2, enhancing the Sreenhouse
» Tree rings shape meaning more extreme Effect

ranges in temperature

» Deforestation and the burning of wood

# Sunspots # Decaying organic matter in londfill sites and
#  Voleanic eruptions compost tips
Mitigating (Reducing) Climate Change: Adoptations to Climate Change:

Alternative energy (e.g. HEP, nuclear,
Carban copture

Planting trees

International agreements

solar, tidal and wind)

+ Coastal houses built on stilts to reduce Flood risk

* Managing water supphy
» Chonging farming proctices
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Sports and Coaching
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Top Tips!

How to use these KQO's to revise

e Highlight the key words
e Make a mind map

= Mind Map

@D

e Make some flash cards - put the key word on one side and the facts/ important
information on the back (just the key info!) - use the Leitner system shown to you in forms.

Presidency

March 4, 1861 -
of Abraham April 15, 1865

Lincoln

o Self-test - memorise the KO organiser, turn it over and then see how much you can

remember

e Peer test - memorise the KO organiser then get someone else to test you (friend, family
etc)



