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Chapter 3: Adaptation and inheritance
B2

Know
ledge organiser

adaptation        com
petition        chrom

osom
e        continuous        characteristic        discontinuous        D

N
A

       inherited variation        environm
ental variation        evolution        extinct        fossil record        gene        gene bank    

interdependent         natural selection        species        variation

M
ake sure yo

u can w
rite d

efi
nitio

ns fo
r these key term

s.
Key term

s

Variation
Inheritance

N
atural selection

Extinction

A
daptaattion and change

C
haracteristics

C
haracteristics are inherited from

 your parents through genetic m
aterial 

stored in the nucleus of cells. 

W
e inherit half of our D

N
A

 (deoxyribonucleic acid) from
 our m

other and 
half from

 our father.

D
ifferences in characteristics are called variatio

n
.

C
haracteristics are 

p
assed

 o
n fro

m
 p

arents to
 

o
ffsp

ring

genetic diseases
eye colour

blood group

S
urro

und
ing

s affects 
yo

ur characteristics 

dyed hair
tattoos
accent

Inherited
 variatio

n

E
nviro

nm
ental variatio

n

M
any characteristics, such as height, are affected by 

both inherited and environm
ental variation. 

D
isco

ntinuo
us variatio

n
can only result in certain values  
(e.g., blood group or eye colour)

C
o

ntinuo
us variatio

n
can take any value w

ithin a range 
(e.g., height or hair length) 

50454035302520151050

percentage of population

blood group
A

B
A

B
O

number of people

height (cm
)

up to 129

over 175

130–134135–139140–144145–149150–154155–159160–164165–169170–174

S
cientists W

atson, C
rick, 

Franklin, and W
ilkins, 

w
orked together to 

produce a m
odel of the 

structure of D
N

A
.sperm

 contains
23 chrom

osom
es

egg contains
23 chrom

osom
es

during fertilisation 
the genetic m

aterial 
joins together

each nucleus in an 
em

bryo contains 
46 chrom

osom
es

cell division

If a species is not w
ell-adapted to its 

environm
ent it w

ill not survive, and the organism
s 

w
ill die before reproducing. A

 species becom
es 

extinct w
hen there are no m

ore individuals of 
that species left anyw

here in the w
orld. The 

fossil record
 show

s that m
any species that 

once lived have becom
e extinct.

Factors leading to extinction:

•
changes to the organism

’s environm
ent

•
destruction of their habitat

•
new

 diseases
•

new
 predators

•
increased com

petition.

S
cientists are trying to prevent end

ang
ered

 
species (at risk of extinction) from

 becom
ing extinct.

 For exam
ple, by using gene banks to store genetic 

sam
ples from

 different species.
In the future these can be used for research,  
or to produce new

 individuals.

O
rganism

s in a species 
show

 variation caused by 
differences in their genes.

O
rganism

s w
ith the m

ost 
useful characteristics 

survive and reproduce.

This is called ‘survival of 
the fittest’.

S
uccessful genes are 

passed on to the offspring. 
This is repeated m

any tim
es and over a 

long tim
e can lead to a new

 species.

P
ro

cess o
f natural selectio

n
•

 A
ll living organism

s have evo
lved

 from
 a

com
m

on ancestor, through the process of
natural selection.

•
O

rganism
s change slow

ly over tim
e.

•
 Those better adapted to their environm

ent
are m

ore likely to survive.

A
d

ap
tatio

n

•
 A

daptations are characteristics that help
an organism

 to survive and reproduce.

For exam
ple, the cheetah is the fastest 

land anim
al. This speed m

akes it a very 
successful predator.

C
o

m
p

etitio
n

A
nim

als com
pete for: food, w

ater space 
(for shelter and to hunt), and m

ates (to 
reproduce).

P
lants com

pete for: light, w
ater, space, 

and m
inerals (plants produce their ow

n 
food through photosynthesis).  

E
nviro

nm
ental chang

es

•
 P

lants and anim
als adapt to changes in

their environm
ents.

•
 H

abitats can change through fire,
clim

ate change, or disease causing
reduced food supplies.

For exam
ple, deciduous trees look 

different in each season, and bears 
hibernate som

ew
here w

arm
 in the w

inter.

C
o

m
p

etitio
n and

 ad
ap

tio
n

•
 P

redator and prey species are
interd

ep
end

ent.

•
 This occurs w

hen a change in the
population of one anim

al directly affects
the population of the other.

For exam
ple, the num

ber of C
anadian lynx 

and its prey the snow
shoe hare.

Inheritance o
f 

g
enetic m

aterial:

D
iscontinuous variation should be plotted on a bar chart, and continuous 

variation should be plotted on a histogram
.

D
N

A

•
 contains all the inform

ation
needed to m

ake an organism
•

 is arranged into long strands
called chro

m
o

so
m

es.
•

 each chrom
osom

e is divided
into sections of D

N
A

•
 sections of D

N
A

 that contain
the inform

ation to produce
a characteristic are called
g

enes
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Ke
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Q
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Su
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Ch
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, a

to
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nd
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C1
Kn
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le
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 p
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tic
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Th
er
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e 
92

 ty
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of

 a
to

m
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ne

 fo
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ea
ch
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f t

he
 9

2 
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solids
liquids

gases at room
 tem

prature

m
etals

non-m
etals

Li
lithium

Be
beryllium

Hhydrogen

N
a

sodium
M

g
m

agnesium

Kpotassium

Rb
rubidium

Sr
strontium

Yyttrium

La
lanthanum

Cs
caesium

Fr
francium

Ba
barium

Ra
radium

Ca
calcium

Sc
scandium

Ti
titanium

Vvanadium

N
b

niobium
M

o
m

olybdenum

Ta
tantalum

Wtungsten

Cr
chrom

ium
M

n
m

anganese

Tc
technetium

Re
rhenium

Os
osm

ium

Ru
ruthenium

Feiron
Cocobalt

Rh
rhodium

Iriridium
Pt

platinum

Pd
palladium

N
i

nickel
Cucopper

Agsilver

Augold

Znzinc
Ga
gallium

Al
alum

inum

Bboron
Ccarbon

Si
silicon

P
phosphorus

Ge
germ

anium
As

arsenic

Ssulfur
Cl

chlorine
Arargon

Se
selenium

Br
brom

ine
Kr

krypton

Xexenon

Rnradon
Po

polonium
Bi

bism
uth

Sb
antim

ony
Sntin

Inindium

Tl
thallium

Pblead

Te
tellurium

At
astatine

Iiodine

Nnitrogen
Ooxygen

H
e

helium

F�uorine
N

eneon

Cd
cadm

ium

H
g

m
ercury

Zr
zirconium

H
f

hafnium

alkali m
etal        britt

le         conductor        chem
ical property        dense        displacem

ent reaction        elem
ent        group        halogen        m

alleable        m
etal        noble gas        non-m

etal         

period        Periodic Table       physical property        sonorous        reactive

M
ake sure yo

u can w
rite d

efi
nitio

ns fo
r these key term

s.
 

Key term
s

Q
uestion

 •  P
rogress •  Succeed

  
Chapter 1: The Periodic Table

C2
Know

ledge organiser
The P

erio
d

ic Tab
le displays the nam

es and sym
bols of all the elem

ents w
e have discovered w

hich are organised by their chem
ical p

ro
p

erties and their p
hysical p

ro
p

erties.

Physical properties
The p

hysical p
ro

p
erties of an elem

ent describe how
 a substance behaves generally.

(E.g., con
d
u
ctor of electricity, dense, conductor of heat, shiny, m

alleab
le, sonorous, high m

elting and boiling points)

Chem
ical properties

The chem
ical p

ro
p

erties of an elem
ent describe how

 a substance behaves in term
s of its chem

ical reactions. 

For exam
ple, how

 reactive it is, w
hat other substances it reacts w

ith, and the products it form
s in reactions.

•  colum
ns are called g

ro
up

s

•  row
s are called p

erio
d

s

E
lem

ents in a group norm
ally have sim

ilar 
properties, m

eaning chem
ists can predict 

properties of elem
ents based on their 

group.

m
etals are to the left of the red line

non-m
etals are on the right

•   norm
ally good conductors of heat and 

electricity

•  shiny w
hen cut

•  m
alleable

•  d
ense and so

no
ro

us 

•  m
ost have high m

elting points

M
etals

•   often have properties the opposite of 
m

etals 

•   low
 boiling points, so are gases at room

 
tem

perature

•   poor conductors of electricity and heat

•  dull in appearance 

•  low
 density

•  b
rittle and not sonorous

N
on-m

etals

•  called the no
b

le g
ases

•  very unreactive

•   low
 boiling points, so are gases at room

 
tem

perature

•   like the halogens, their boiling points 
increase dow

n the group

G
roup 0

G
roup 7

•  called the halo
g

ens 

•  generally very reactive

•  generally the opposite of G
roup 1

•  m
elting point increases dow

n the group w
hile reactivity decreases. 

•   take part in d
isp

lacem
ent reactio

ns, w
here an elem

ent from
 higher up the group takes the place of one from

 low
er 

dow
n the group in a com

pound. 

For exam
ple: potassium

 iodide +
 chlorine ➞

 potassium
 chloride +

 iodine

This version of the P
eriodic Table does not include every discovered elem

ent.

•  called the alkali m
etals

•   like all other m
etals but are very 

reactive

•  react vigorously (strongly) w
ith w

ater

•   get m
ore reactive as you go dow

n the 
group 

•   low
er m

elting points than m
ost  

other m
etals

•   m
elting points decrease dow

n  
the group

•   alw
ays produce a m

etal hydroxide and 
hydrogen gas w

hen reacted w
ith w

ater

G
roup 1
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lemon juice
cola drinks

vinegar

saliva
tea

water
blood (7.4)
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E
nerg

y level d
iag

ram
s show

 the values of energy betw
een the reactants and 

the products in a reaction

•    If the energy is greater in the reactants than the products then the reaction is 
exotherm

ic as energy has been given out to the surroundings

•    If the energy is low
er in the reactants than the products then the reaction is 

endotherm
ic as energy has been taken in from

 the surroundings

•    E
nergy m

ust be used to break chem
ical b

o
nd

s, m
eaning that this 

reaction is endotherm
ic

•    E
nergy is given out w

hen chem
ical bonds are m

ade, m
eaning that 

this reaction is exotherm
ic

•    To see if a reaction is endotherm
ic or exotherm

ic, you m
ust find the 

difference in the energy needed to break and to m
ake the bonds in 

the reaction

•    If the energy needed to break the bonds is less than the energy 
given out w

hen m
aking the bonds, the reaction is exotherm

ic

•    If the energy needed to break the bonds is m
ore than the energy 

released w
hen m

aking the bonds, the reaction is endotherm
ic

Energy level diagram
s

Bond energies

Q
uestion

 •  P
rogress •  Succeed

  
Chapter 6: Reactions

C2
Know

ledge organiser

balanced sym
bol equation 

 
chem

ical bond
 

 
chem

ical reaction 
 

com
bustion 

 
conserved 

 
conservation of m

ass 
 

decom
position 

 
fuel 

 
endotherm

ic 

energy level diagram
 

 
exotherm

ic 
 

products 
 

reactants 
 

therm
al decom

position

M
ake sure yo

u can w
rite d

efi
nitio

ns fo
r these key term

s.
 

K
ey term

s

•    W
ord equations can represent a chem

ical reaction:

+
+

C
H

H

H
H

O
O

O
O

O
C

O
H

H
O

H
H

O
m

ethane
oxygen

carbon dioxide

w
ater

•    The reactants are on the left side of the arrow
 and the 

p
ro

d
ucts are on the right side of the arrow

•    W
e use an arrow

 instead of an equals sign as it represents 
that the reactants are changing into a new

 substance

•    In a reaction, the am
ount of each type of atom

 stays the 
sam

e, how
ever they are rearranged to form

 a new
 product

Chem
ical reactions

•    In a reaction the m
ass w

ill be co
nserved

, this m
eans that 

the total m
ass of the reactants w

ill be equal to the total 
m

ass of the products

•    If it appears that som
e of the m

ass has been lost, this 
m

eans that a gas has been produced and escaped, 
accounting for the lost m

ass

+

1
0

g
1

0
g

2
0

g
2

0
g

8
g

1
2

g

+

B
alanced

 sym
b

o
l eq

uatio
ns show

 the am
ounts of all of the 

individual atom
s in a reaction

•    The sym
bols used are from

 the P
eriodic Table

•    They also show
:

•    Form
ulae of reactants and products

•    H
ow

 the atom
s are rearranged

•    R
elative am

ounts of reactants and products

2H
2  + O

2  ➞
 2H

2 O

Conservation of m
ass

E
xo

therm
ic reactions involve a transfer of energy  

from
 the reactants to the surroundings

•    A
s energy is transferred to the surroundings this  

w
ill show

 an increase in tem
perature

•    E
xam

ples of exotherm
ic reactions include  

com
bustion, freezing, and condensing

E
nd

o
therm

ic reactions involve a transfer of energy  
from

 the surroundings to the reactants

•    A
s energy is taken into the reactants a decrease  

in tem
perature w

ill be show
n

•    E
xam

ples of endotherm
ic reactions include therm

al  
decom

position, m
elting, and boiling

Exotherm
ic and endotherm

ic reactions

•    A
 therm

al d
eco

m
p

o
sitio

n
 reaction is one w

here the reactants are 
broken dow

n (decom
position) using heat (therm

al energy)

•    A
n exam

ple of this is w
ith m

etal carbonates:

zinc carbonate ➞
 zinc oxide +

 carbon dioxide

•    W
e can test for this carbon dioxide  

by bubbling the gas through  
lim

ew
ater, if the lim

ew
ater turns  

cloudy, the gas is carbon dioxide

Therm
al decom

position
•    C

o
m

b
ustio

n
 is the burning of a fuel in oxygen

•    A
 fuel is a substance w

hich stores energy in a chem
ical store

•    E
xam

ples of fuels include petrol, diesel, coal and hydrogen

•    W
hen a carbon based fuel undergoes com

bustion, it w
ill produce w

ater 
and carbon dioxide 

m
ethane +

 oxygen ➞
 carbon dioxide +

 w
ater

•    H
ydrogen can also be used as a fuel, this is m

uch better than traditional 
fossil fuels as it does not produce carbon dioxide:

hydrogen +
 oxygen ➞

 w
ater

Com
bustion

m
etal

carbonate

bunsen burner

lim
ew

ater

clam
p

E
xo

therm
ic 

 
 

                       
E

nd
o

therm
ic

energy

reactants

products

progress of reaction

energy transfer

products

energy transfer

reactants

progress of the reaction

energy

exotherm
ic

energy
given out

endotherm
ic

energy
taken in
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•   In physics, w
o

rk
d

o
ne is the energy transferred w

hen a force is used to m
ove an object a certain distance

•   Like energy, w
ork is m

easured in Jo
ules (J)

•    W
ork can be done in a a range of situations e.g. lifting a book w

ork is done against gravity, w
hen you slide a book 

along a table w
ork is done against friction

•   W
e calculate w

ork w
ith the equation:

w
ork done (J) =

 force (N
) ×

 distance m
oved (m

)

•    A
 sim

p
le m

achine m
akes it easier to lift things, they reduce the force needed

•    A
 fo

rce m
ultip

lier uses a sm
aller inp

ut fo
rce (w

hat you apply) to to generate a larger o
utp

ut fo
rce (w

hat is created)

•    If you increase the distance from
 the pivot, less input force is needed to be used for the sam

e output force as before

•    A
 lever is an exam

ple of a force m
ultiplier, a longer lever w

ill require a less input force than a shorter lever to produce 
the sam

e output force

W
ork

•    The tem
p

erature of a substance is a m
easure of how

 hot or cold it is

•    Tem
perature is m

easured w
ith a therm

o
m

eter, it has the units of degrees C
elsius ( oC

)

•    The therm
al energ

y of a substance depends on the individual energy of all of the 
particles, it is m

easures in Joules (J)

•    A
s all particles are taken into account, a bath of w

ater at 30 oC
 w

ould have m
ore 

therm
al energy than a cup of tea at 90 oC

 as there are m
any m

ore particles

•    The faster the particles are m
oving, the m

ore therm
al energy they w

ill have

•    W
hen particles are heated they begin to m

ove m
ore quickly

•    The energy needed to increase the tem
perature of a substance depends on:

•    the m
ass of the substance

•    w
hat the substance is m

ade of

•    how
 m

uch you w
ant to increase the tem

perature by

Energy and tem
perature

•    R
ad

iatio
n

 is a m
ethod of transferring energy w

ithout the need for particles

•    A
n exam

ple of radiation is therm
al energy being transferred from

 the S
un to us through space 

(w
here there are no particles)

•    This type of radiation is know
n as infrared

 rad
iatio

n
, it is a type of w

ave just like light

•    The hotter an object is the m
ore infrared radiation it w

ill em
it (give out)

•    The am
ount of radiation em

itted and 
absorbed depends on the surface of the 
object:

•    D
arker m

atte surfaces absorb and 
em

it m
ore infrared radiation

•    S
hiny and sm

ooth surfaces absorb 
and em

it less infrared radiation, 
instead refl ecting this

•    The am
ount of infrared radiation 

being em
itted can be view

ed on 
a therm

al im
ag

ing
 cam

era

R
adiation

•    C
o

nd
uctio

n
 is the transfer of therm

al energy by the vibration of 
particles, it cannot happen w

ithout particles

•    This m
eans that every tim

e particles collide they transfer therm
al energy

•    C
onduction happens effectively in solids as their particles are close 

together and can collide often as they vibrate around a fi xed point

•    M
etals are also good therm

al co
nd

ucto
rs as they contain electrons 

w
hich are free to m

ove

•    In conduction the therm
al energy w

ill be transferred from
 an area 

w
hich has a high therm

al energ
y sto

re (high tem
perature) to an 

area w
here there is a low

 therm
al energy store (low

 tem
perature)

•    G
ases and liquids are poor conductors as their particles are spread 

out and so do not collide often, w
e call these insulato

rs

Conduction
•    C

o
nvectio

n
 is the transfer of therm

al energy in a 
liquid or a gas, it cannot happen w

ithout particles

•    A
s the particles near the heat source are heated 

they spread out and becom
e less dense, this 

m
eans that they w

ill rise

•    M
ore dense particles w

ill take their place at 
the bottom

 nearest the heat source creating a 
constant fl ow

 of particles

•    This is know
n as a co

nvectio
n current

•    C
onvection cannot happen in a solid as the 

particles cannot fl ow
, they can only m

ove around 
a fi xed point

Convection Q
uestion

 •  P
rogress •  Succeed

  
Chapter 3: Energy
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