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

Plants and

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 cells 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. ybursts

sporangiumsy i
Fungi are sometimes single celled, T
others have hyphae that grow and
penetrate human skin and the surface
of plants. They can produce spores

which can spread to other plants.

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.

Measles is spread by droplets of liquid from sneezes and
coughs etc. Symptoms include a red rash on the skin and a
fever. Measles can be serious or even fatal and it can lead
to pneumonia. Most people are vaccinated against measles
when they are very young.

HIV is spread by sexual contact or exchanging body fluids.
HIV can be controlled be antiviral drugs; this stops the
viruses replicating. The virus attacks the cells in the
immune system. If the immune system is badly damaged,
the body cannot cope with other infections. This is the late
stage and is called Aids.

Tobacco mosaic virus affects plants. Parts of the leaves
become discoloured. This means plants cannot carry out
photosynthesis; this will affect the plants growth.

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; mosquitoes 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 and it can also be fatal.

Salmonella bacteria causes food poisoning. Symptoms include fever,
stomach cramps, vomiting and diarrhoea. The symptoms are caused
by the toxins produced by the bacteria. Food contaminated with
salmonella can give you food poisoning. Most poultry in the UK will
have had a vaccination against salmonella.

Gonorrhoea is a sexually transmitted bacterial disease, passed on by
sexual contact. Symptoms include pain when urinating and thick
yellow/green discharge from the vagina or penis. To prevent the spread,
people should be treated with antibiotics and use a condom.

How to prevent the spread:

Being hygienic -

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.



Rectangle


Infection and Response Knowledge Organiser - Foundation and Higher

Plant Diseases and Defences The Immune System Fighting Disease — Drugs F
Plants need ions from the soil. If there isn't enough, then | This kills any pathogens that enter the body. Painkillers relive the pain and S
the plants suffer deficiency symptoms. White blood cells: symptoms, but do not tackle - s
. ; th .
Ton Symptoms »  Phagocytosis is when white blood cells engulf pathogens and € cause
: then digest them. |
nitrates stunted growth oo . . Antibiotics kill the bacteria —
+  They produce antitoxins to neutralise the toxins. ) ’ \
i llow | causing the problem, but do I iviorics
magnesium yetlow leaves The.y also produce. ant.ibodies. Pathogens hav.e antigens on not work on viruses. Viruses
Dlant DI ' - . their surface. AntLPodLes produced.by the white blood cells. are very difficult to kill because
ant Diseases — common signs include stunte lock on to the antigen on the outside of the pathogen. White they live inside the body cells.
growth, spots on the leaves, patches of decay, blood cells can then destroy the pathogens.
abnormal growth, malformed stems or leaves and Antibodies are specific to one antigen
discolouration. and will only work on that pathogen.

Developing Drugs

Plants have physical, chemical and mechanical @ @ There are three main stages in drug testing:
defences to stop pathogens. L ) Pre-clinical testing:

1. Drugs are tested on human cells and tissues.
Vaccinations 2

Vaccinations have been developed to protect us from future
infections. A vaccination involves an injection of a dead or weakened

Physical - waxy cuticle, cell walls, layer of dead
cells Testing carried out on living animals.
Clinical testing:

Mechanical - thorns, hairs, leaves that droop or curl 3. Tested on healthy human volunteers in clinical trials. Starts with

a very low dose, then tested on people with the illness to find the
optimum dose.

version of the pathogen. They carry antigens which cause your
body to produce antibodies which will attack the pathogen. If you
are infected again, the white blood cells can produce antibodies

and some plants can mimic other organisms.

Fighting Diseases quickly. Placebo is a substance that is like the drug but does not do anything.
Defence System \,‘,,v\,.\f\»u»w‘\"“ Placebo effect is when the patient thinks the treatment will work
1. The skin acts as a barrier to pathogens. ' even though their treatment isn't doing anything.
2. Hairs and mucus in your nose trap particles. Bros Cons Blind trial is when the patient does not know whether they are
3. The trachea and bronchi secrete mucus to trap getting the drug or the placebo.
pathogens. They also have cilia which move Helps to control They don't always work. Double-blind trial is when both the doctor and the patient do not
backwards and forwards to transport the mucus communicable know whether they are getting the drug.
towards the throat. This traps any pathogens diseases that used to
and the mucus is usually swallowed. be very common.
4. The stomach contains hydrochloric acid to Epidemics can be Some people can have a
kill any pathogens that enter the body via the prevented. bad reaction to a vaccine -

however, that is very rare.

mouth.
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Drugs from Plants
Chemicals produced by plants to defend themselves can be
used to treat human diseases or help with symptoms.

Drug Plant/Microorganism
aspirin willow
digitalis foxglove
penicillin mould - penicillium

New drugs are now made by chemists, who work for the
pharmaceutical industry, in laboratories.

Key Vocabulary

antibodies microorganism
antigens phagocytosis
antitoxins placebo
bacteria protist
blind trial toxins
double-blind vaccination
fungus vector

virus

Monoclonal Antibodies
Monoclonal antibodies are identical antibodies. Antibodies are
produced by B lymphocytes.

It is possible to fuse a B lymphocyte from a mouse with a
tumour cell to create a cell called a hybridoma - these can
be cloned. They will all produce the same antibodies; the
antibodies can be collected and purified.

antibody-
antigen isolate  forming tumor
immunization immune cells cells

cells
“me..

hybridomas
ﬁ clonal @Q
monoclonal  expansion

antibodies antibody-producing
hybridomas cloned

hybrldomas screened
for production of
desired antibody

There are many uses of monoclonal antibodies. For example:

Pregnancy testing: HCG hormone is found in the urine of
women when pregnant. Pregnancy testing sticks detect this
hormone. The HGC binds to the antibodies on the stick and
changes the colour if you are pregnant. If the woman is not
pregnant, there is no HCG. This means there is nothing to stick
to the blue beads on the test strip, so it does not go blue.

Treating diseases: anti-cancer drugs can be attached to
monoclonal antibodies. They can target specific cells (cancer
cells) by binding to the cancer marker. This kills the cancer
cells, but not the normal body cells.

Research to find specific substances: used to bind to hormones
and chemicals in the blood to measure levels. Also used in
blood tests for pathogens and locating molecules on a cell or
in tissue.

Problems: they have more side-effects than originally thought.
For example: fever, vomiting, low blood pressure. They are not
used by doctors as much as was first thought.
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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 0 © v s
(@) postive (rotons)

electron Very small -1 [ = Yr—

Overall, atoms have no charge; they have the same number of protons 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 12.011

C

atomic
number

carbon

Equations and Maths

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

relative atomic mass (A,) =

sum of (isotope abundance x isotope mass number)
sum of abundances of all isotopes

Balancing Symbol Equations

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

CH4 + 202 —> 2H20 + COZ

c=1
0=4
H=u4

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 element Isotope Protons Electrons Neutrons
with the same number of protons 1 H ] ] 1-1-0
but a different number of neutrons. 1
They have the same atomic number, 2 H . . yo1-
but different mass number. 1

3

) H 1 1 3-1=2

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 CO,, NaCl, HCl, H,0, Na,SO.. 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.

e.g. 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 + O, > 2MgO

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.

CH, + 20, > 2H,0 + CO,

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 wood

pin

paper ————»
beaker —»

ink spot ——»@
water ——— ‘

start

Evaporation - to Crystallisation - to

separate a soluble separate a soluble
salt from a solution; salt from a solution;
a quick way of

separating out the salt.

a slower method of
separating out salt.

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

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



Rectangle


Atomic Structure and the Periodic Table - Foundation and Higher (Separate)

Distillation
To separate out mixtures of liquids.

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

thermometer (100°c)
water

N\
” y
ﬁ'\ heat N

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

fractions.
gas 20°C

gasoline (petrol)
kerosene

crude oil diesel oil

fuel oil

lubricating oil,

furnace parafin wax, asphalt

History of the Atom

Scientist Time Discovery
John Dalton start of 19t Atoms were first described as solid spheres.
century
13 Thomson 1897 Plum pudding model - the atom is a ball of

charge with electrons scattered.

Ernest Rutherford 1909 Alpha scattering experiment — mass
concentrated at the centre; the nucleus is
charged. Most of the mass is in the nucleus.

Most atoms are empty space.

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

Discovered that there are neutrons in the
nucleus.

James Chadwick around 1940

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. (@) postive oroton)

0 Neutral (Neutrons)

. Negative (Electrons]

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.

Group 7 Elements and Noble Gases
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 O 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.

Development of the Periodic

Table

In the early 1800s, elements
were arranged by atomic mass.
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 mass.
The gaps show that he believed
there was some undiscovered
elements. He was right! Once
found, they fitted in the pattern.

The Modern Periodic Table

Elements are in order of atomic
mass/proton number. It 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.

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

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.

They form ionic compounds
with non-metals.

They react with water and
produce hydrogen.

E.g.
lithium + water >
lithium hydroxide + hydrogen

2Li + 2H,0 > 2LiOH + H,

They react with chlorine
and produce a metal salt.

E.g.
lithium + chlorine >
lithium chloride

2Li + Cl, > 2LiCl

They react with oxygen to
form metal oxides.
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The Transition Metals

The transition metals are a block of elements found between groups 2 and 3 in the middle of the periodic table. Examples of transition metals include copper, nickel and iron with many more
included. They have all the properties you would expect metals to have, such as being strong, shiny and conductors of electricity and heat. Transition metals make very good catalysts; this means
they speed up a reaction without being used up themselves. Iron is used as a catalyst during the Haber process when making ammonia.

Transition metals can form more than one ion. For example, copper can take the form of Cu*, Cu?* and iron can be Fe?" and Fe®*. The ions are often coloured and the compounds they are found in
are also coloured.
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Required Practical

Investigating Specific Heat Capacity
independent variable — material

dependent variable - specific heat capacity

control variables — insulating layer, initial temperature, time taken

AE = m x c x A©
30w Heater

Thermometer

1. Using the balance, measure and record the mass of the copper

Method:

block in kg.
2. Wrap the insulation around the block.

3. Put the heater into the large hole in the block and the block onto
the heatproof mat.

4, Connect the power pack and ammeter in series and the voltmeter

across the power pack.
5. Using the pipette, put a drop of water into the small hole.

6. Put the thermometer into the small hole and measure the

temperature.
7. Switch the power pack to 12V and turn it on.

8. Read and record the voltmeter and ammeter readings — during

the experiment, they shouldn't change.

9. Turn on the stop clock and record the temperature every minute

for 10 minutes.
10. Record the results in the table.

11. Calculate work done and plot a line graph of work done against

temperature.

Equations
E =Imv?
E, = mgh
E. = Tke?

AE =m x ¢ x A©

S M

Kinetic and Potential Energy Stores

Movement Energy

kinetic energy = 3 x mass x speed?

E = Imv?

S) (kg)(m/s)

kinetic
energy, J

When something is off the ground, it has gravitational potential energy
gravitational potential energy = mass x gravitational field strength x
height

E. = mgh

Q) (kg) (N/kg)(m)

gravitational
potential
energy, J

When an object falls, it loses gravitational potential energy and gains

kinetic energy.
Stretching an object will give it elastic potential energy.

elastic potential energy = 3 x spring constant x extension?

E. = Tke?

) (N)(m)

Transferring Energy by Heating

Heating a material transfers the energy to its thermal energy store - the

temperature increases.

E.g. a kettle: energy is transferred to the thermal energy store of the
kettle. Energy is then transferred by heating to the waters thermal energy

store. The temperature of the water will then increase.

Some materials need more energy to increase their temperature than

others.

change in thermal energy = mass x specific heat capacity x temperature

change
AE =m x c x AB
©) (kg) (/kg"C) (0

Specific heat capacity is the amount of energy needed to raise the

temperature of 1kg of a material by 1°C.
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Energy Stores and Systems

Energy Stores

kinetic Moving objects have kinetic
energy.

thermal All objects have thermal energy.

chemical Anything that can release energy

during a chemical reaction.

elastic potential

Things that are stretched.

gravitational potential

Anything that is raised.

electrostatic Charges that attract or repel.
magnetic Magnets that attract or repel.
nuclear The nucleus of an atom releases

energy.

Energy can be transferred in the following ways:

mechanically — when work is done;

electrically - when moving charge does work;

heating — when energy is transferred from a hotter object to a colder

object.

Conservation of Energy

Energy can never be created or destroyed, just transferred from one form

to another. Some energy is transferred usefully and some energy gets

transferred into the environment. This is mostly wasted energy.

Power

Power is the rate of transfer of energy — the amount of work done in a

given time.
power = energy transferred + time

P(W)=E(Q)=t(s)

energy

transferred, J

power, W x) time, s

power = work done + time

P(W)=W(Q)=t(s)

Energy Transfer

Lubrication reduces the amount of friction. When an object moves, there
are frictional forces acting. Some energy is lost into the environment.
Lubricants, such as oil, can be used to reduce the friction between the

surfaces.

Conduction - when a solid is heated, the particles vibrate and collide

more, and the energy is transferred.

Convection — when a liquid or a gas is heated, the particles move faster.
This means the liquid or gas becomes less dense. The denser region will

rise above the cooler region. This is a convection current.

‘ ‘\&9;43%"7’ ‘

Insulation - reduces the amount of heat lost. In your home, you can

prevent heat loss in a number of ways:

thick walls;
. thermal insulation, such as:
+ loft insulation (reducing convection);

- cavity walls (reduces conduction and convection);

- double glazing (reduces conduction).

windows

3% doors

ventilation &
draughts

8% floors
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Efficiency
When energy is transferred, some energy is wasted. The less energy that

is wasted during the transfer, the more efficient the transfer.
There are two equations to calculate efficiency:

efficiency = useful output energy transfer

total input energy transfer

useful

energy

output,
Jorkl

total energy

efficiency Cx)

input,
Jorkld

efficiency = useful power output

total power input

useful
power
output,
W or kW

total power

efficiency input,

W or kW

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

Efficiency

Non-renewable - coal, oil, gas - they will all run out, they damage the environment, but provide most of the energy.

Renewable - they will never run out, can be unreliable and do not provide as much energy.

Energy Resource

solar - using sunlight

Renewable, 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.

geothermal - 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

Renewable, no pollution, no lasting damage
to the environment, minimal running cost.

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

hydroelectric - uses a dam

Renewable, no pollution, can increase supply
if needed.

A big impact on the environment. 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.

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

biofuels

Renewable, reliable, carbon neutral.

High costs, growing biofuels may cause a
problem with regards to space, clearance of

natural forests.

non-renewable - fossil fuels

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

Running out, release CO,, leading to global
warming, and also release SO, 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 quite expensive.
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