Atoms and Molecules

Pure substances: that only contains one substance. Elements and compounds 

Atom – basic/ smallest unit of matter. 

Molecule- a group of atoms bonded together. 

Element – simple pure substance that cannot be broken down into smaller parts or another substance. It contains protons, neutrons, and electrons. E.g., potassium, hydrogen 

Compound- a substance made up of two or more different elements chemically combined/ reacted/bonded together in a fixed ratio. E.g., HCl, NaOH, NH3

Mixture- a substance made up of two or more different chemical elements that are not chemically involved only physically together. Different states of matter cold coffee E.g., air mixture of hydrogen, nitrogen, and oxygen.  

Proton = atomic number
proton and electron number/ value are same except for isotopes 
Neutrons atomic mass - proton number 

https://youtu.be/tgPo9sUhcs4
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Atomic mass = proton number = electron number 

Molecular mass – atomic mass = neutron number 

Chemical symbol- to represent an electron we use a chemical symbol such as N for nitrogen and Zn for zinc.
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Table 2.7 _Propertie o the subatomic partces.

To get some idea of how small the nucleus is in
comparison to the rest of the atom, here is a simple
comparison. If the atom were the size of a football
stadium, the nucleus (at the centre-spot) would be the
size of a peal

Protons and neutrons have almost the same mass.
Electrons have virtually no mass at all (73 of the
mass of a proton). The other important feature of
hese particles is their electric charge. Protons and
dlectrons have equal and opposite charges, while
neutrons are electrically neutral (have no charge). The
characteristics of these three subatomic particles are
lsted in Table 2.7.

A single atom is electrically neutral (it has no oversll
dectric charge). This means that in any atom there
must be equal numbers of protons and electrons. In
{his way the total positive charge on the nucleus (due
{othe protons) s balanced by the total negative charge
ofthe obiting electrons The simplest atom of all has
one proton in its nucleus. This is the hydrogen atom. It
i the only atom that has no neutrons; it consists of one
proton and one electron. Atoms of different elements 8¢
increasingly complex.

“The next simplest atom is that of heljum. This has
two protons and two neutrons in the nucleus, and two
orbiting electrons (Figure 2.34).

‘The next, lithium, has three protons, four
neutrons and three electrons, The arrangements in
the followng atoms get more complicated with the
addition of more protons and electrons. The ‘number of
‘neutrons required to hold the nucleus together increases
‘a5 the atomic size increases. Thus an atom of gold
Consists of 79 protons (p?), 118 meutrons (1) and
79 dectrons (¢°).
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Figure 234 _The strucure of a hefum dom.

Proton (atomic) number and nucleon number

Only hydrogen atoms have one proton in their nudie
Only helium atoms have two protons. Indeed, only gold
atoms have 79 protons. This shows that the number of
protons in the nucleus of an atom decides which element
it is, This very important number is known as the proton
number (or atomic number, given the symbol 2) of

an atom.

Protons alone do not make up all the mass ofan
atom. The neutrons in the nucleus also contribute (0 the
{otal mass. The mass of the electrons can be regarded as
50 smallthat it can be ignored. Asa proton and @ netion
bave the same mass, the mass of aparticular atom
depends on the total number of protons and neutrons
present. This number is called the nucleon number (0
‘mass number, given the symbol 4) of an atom

“The atomic number Z ‘and mass number A ofan
+tom of an element can be writen alongside the symbol
for that lement, in the general way s £X. So the symbol
for an atom of lithium is 7Li. The symbols for carbon,
oxygen and uranium atoms are 1€, %0 and 3U.

If these two important numbers for any atom are known,
then ts subatomic composition can b¢ worked out.
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For proton number and nucleon namber we have:
* proton (atomic) number (2)
= number of protons in the nucleus
* nucleon (mass) number (4)
= number of protons + number of neutrons.

This i the mass number, This s thesymbol.

the number of potons for heum.

nd eutrons ogether, 1
At

Thisisthe atomic | e

umber (roton rumber). —+ 2 |

These two relationships are useful:
* number of electrons = number of protons
omic (proton) number

* number of neutrons
ucleon number ~ proton number
=A-Z

‘Table 2.8 shows the numbers of protons, neutrons
and electrons in some different atoms. Note that the
rules apply even to the largest, most complicated atom
found naturally in substantial amounts.

Atomic Mass
number, Z  number, A

Remember that you can use the Periodic Tue oo
have in the exam for information on these ,.u,,,u
for any tom. Magnesium s the twelfthstom i g
table, 50 it must have 12 protons and 12 cecron |
its atoms.

Isotopes

Measurements of the atomic masses ofsome clemrg,
using the mass spectrometer were puzzling, Pure
samples of elements such as carbon, chlorine and gy
others were found to contain atoms with diffrent
‘masses even though they contained the same numben
protons and electrons. The different masses were cauet
by different numbers of nevtrons in their nucle Such
atoms are called isotopes.

« Isotopes are atoms of the same element with
different mass numbers.

« They have the same number of protons and
electrons in each atom, but different numbers
of neutrons in the nucleus.

Outside the
nucleus:

Inside the nucleus:

Protons (Z)  Neutrons (A-Z)

Electrons (1)
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‘The isotopes of an clement have the same chemical
properties because they contain the same number of
electrons. It is the number of electrons in an atom that
decides the way in which it forms bonds and reacts with
other atoms. However, some physical properties of the
isotopes are different. The masses of the atoms differ,
and therefore other properties, such as density and rate
of diffusion, also vary. The modern mass spectrometer
shows that most elements have several different isotopes

Element Isotopes

* 1s0topes of an element have the same chemicy
properties. They differ in a few physical
Properties such as density

* Some sotopes have unstable nuclei: they are radio-
isotopes and emit various forms of radiation.

deuterium (001%)

H H M i
proton 1 proton 1 proton
; P’ | 2 neuwons
0 neutrons 1 neutron | 2n
1 electron. 1 dectron 1 decron
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Relative atomic masses

Most elements exist naturally as a mixture of isotopes.
Therefore, the value we use for the atomic mass of

an element s an average mass. This takes into account
the proportions (abundance) of all the naturally
occurring isotopes. Ifa particular isotope is present
in high proportion, it will make a large contribution
to the average. This average value for the mass of an
atom of an element is known as the relative atomic
mass (4,).

‘The relative atomic mass (4, is the average mass of
an atom of an element, taking account of its natural
isotopes and their percentage abundance.

Because there are several isotopes of carbon, the
standard against which all atomic masses are measured
has to be defined precisely. The isotope carbon-12
is used as the standard. One atom of carbon-12 is
given the mass of 12 precisely. From this we get that
1 atomic mass unit (a.m.u.
carbon-12.

‘The existence of isotopes also explains why most
relative atomic masses are not whole numbers. But,
10 make calculation easier,in this book they are
rounded to the nearest whole number. There is one
exception, chlorine, where this would be misleading.
Chlorine contains two isotopes, chlorine-35 and
chlorine-37, in a ratio of 3: 1 (or 75%:25%). If the
‘mixture were 50%:50%, then the relative atomic
‘mass of chlorine would be 36. The fact that there is
‘more of the lighter isotope moves the value lower than
36. The actual value is 35.5. The relative atomic mass of
chlorine can be calculated by finding the total mass of
100 atoms:

‘mass of 100 atoms = (35x75) + (37 x25)

15 % mass of one atom of

Radioactivity )

Some elements have unstabl sotopes sy
tritium and carbon-14. The extra neurony
their nuclei cause them to disintegrat r gy
spontaneously. Thisis radioactivity and
plce through nuclear fsson. The reslt of e,
disntegrations i the elcase of heat energy g
various forms of radioactve radiation, The hey
produced by the decay of radioactive maeriy
deep in the Earth keeps the outer core moley
provides the energy for all olcanic activty apg
produces the convection currents in the magg,
that power continental drift. Uranium.-235 i
radioactive isotope which is used as a controled
source of energy in nuclear power sations.
Each radioactive isotope decays atits own rae.
‘The decay is a completely random process andis
unaffected by temperature or whether the sotoei
part of a compound or present as the free clemert.
Radioactive decay is a nuclear process and nota
chemical reaction.
— R |

The uses of radioactivity

Radioactive dating

Each radioactive isotope decays at ts own rae.
‘However, the time taken for the radioactivity o
sample to halve is constant for a particular radi
isotope. This time is called the half-lfe. Som
isotopes have very short half-lives of only second®
for example oxygen-14 has a half-lfe o 715 0%
half-lives are quite long; for example carbor-14

a half-lfe of 5730 years.

One important use of half-life values 517 |
radioactive dating. Radiocarbon dating (Whic?
uses carbon-14) can be used to date wooden
organic objects. The decay of other elements & ‘
be tracked to give estimates of the sge o 04
“The oldest rock so far dated was found i 20" % ‘
Canada and is 3.96 billion years old. xnd'““;
dating of meteorites and of rocksfrom the MO ‘
suggests thatall th solar system was forned* |

same time - about 4.6 billion years 3g> m
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Industrial uses of radio-isotopes

Despite the need to handle them with strict safety
precautions, radioactive isotopes are widely used in
industry and medicine. Most important is the use of an
isotope of uranium, U, in nuclear power stations. Here,
as the isotope splts into smaller parts, as a result of being
bombarded with neutrons, huge amounts of energy are
produced. This nuclear fission reaction is the same as
that used in the atomic bomb, The difference is that in a
nuclear power station, the reaction s controlled.

Other industrial uses of radio-isotopes include
monitoring the level of illing in containers,
checking the thickness of sheets of plastic, paper
or metal foil (for example aluminium baking foil)
during continuous production, and detecting leaks
in gas or oil pipes (Figure 2.35).

Medical and food-safety uses of radic-isotopes

“The ease of detection of radio-isotopes gives rise 1o several
ofther other uses, and in medicine some of their most
dangerous properties can be turned to advantage. Several

tssue of the body. Becae g::s"“f"‘:\ of control in
ey are more e

Killed by radiation than are heaky cet, i
Y-radiation from the radio-sotope cobal go o 1"
1o treatinternal cancer tumours. Skin a1
€anbe rated vih e penetrating e

dor a
me by strapping sheets containing phosphorus 32 or
Strontium-90 o the affected area of the kin,

Bacterial cells grow and divide rapidly. They are
particularly sensitive to radiation. Medical instrumens,
dressings and syringes can be sterilsed by sealing them
in polythene bags and exposing them to intense doses of
y-radiation. This has proved a very effective method of
killing any bacteria on them.

For the examination you simply needtoknowa |
‘medical and an industrial use for radioactivity. Do |
be clear abou the difference between radiotherapy |
and chemotherapy in the treatment of cancer. It s
radiotherapy that involves the use of radioactivity

o kill the tumour cells.
‘medical uses of radiation depend on the fact that biological J
quidin W adion eols
an be detected.

detector

1fthe amount of radiaton reaching he detecor
changes, th deecormakes herolles move
further apar ordoser togethr.

C i " sheets.
123 —‘-‘M-Mnmdmh.m—mlmwhwﬂﬁmzmuwmd-ﬂ
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Key ideas so far

* AMloms are made up of three subatomic particls
Protons, neutrons and electrons,

* The protons and neutrons of an atom form the

nucleus at the centre of the atom.

The proton number of an atom defines which element

itisand is the number of protons in the atom.

Atoms are electrically neutral so they have the

same number of electrons orbiting the nucleus as

they have protons

* The nucleon number of an atom is the number
of protons plus the number of neutrons in the
nucleus of the atom.

* Atoms of the same element can have different
numbers of neutrons in their nuclei. These atoms
are different isotopes of the element.

\_ Some stopes have unstabi nucle they are radioactiv.

1 What are the relative masses of a proton neuy
and electron given that a proton has s mags

2 How many protons, neutrons and electrong g,
there in an atom of phosphorus which hes
proton number of 15 and a nucleon number
of 317

3 Whatis the difference in terms of substom;c
particls between an atom of chlorine-33 s
atom of chlorine-377

4 Give one medical and one industrial use of
radioactivity.

_—

2.5 Electron arrangements in atoms

‘The aurora borealis (Figure 2.36) is a spectacular
display seen in the sky in the far north (a similar
phenomenon - the aurora australis - occurs in the
night sky of the far south). It is caused by radiation
from the Sun moving the electrons in atoms of the gases
of the atmosphere.

Similar colour effects can be created in a simpler way
in the laboratory by heating the compounds of some
metals in a Bunsen flame (see page 233). These colours
are also seen in fireworks, The colours produced are due
10 electrons in the atom moving between two different
energy levels.

The uror o gt s sen o .

In 1913 Niels Bohr, working with Rutherfordin
Manchester, developed a theory to explain how electrs

were arranged in atoms. This theory helps to explain
how the colours referred to above come about
A simplified version of Bohr’s theory of the
arrangement of electrons in an atom can be summire
as follows (see also Figure 2.37)
* Electrons are in orbit around the central nuckss
the atom,
# The electron orbits are called shells (or energyler®
and have different energies.

Second g o
Eghteecron
into s el

Fistorlowes energy
levelOnly two clecrons
nfitino ths el

Figure 2.37 _Bonr' theoryof he amangement of eckors 17
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Shells which are.

S further from the nucleus haye higher

® The shells are filled starting with the one With lowest
energy (closest 10 the nucleus).

® The first shell can hold only 2 electrons,

‘The second and subsequent shells can hold § electrons
togive a stable (noble gas) arrangement of electrons,
Other evidence was found which supported these ideas
of how the electrons are arranged in atoms. The number
and arrangement of the electrons in the atoms of the first
20 clements in the Periodic Table (see the Appendix) are
shown in Table 2.10. o2 o,

‘When the two essential numbers describing a e L e i o =
particular atom are known, the numbers of protons and the organisation of the electrons of an st fs vlusble
‘neutrons, a subatomic picture can be drawn. Figure It begins to explain the patterns in properties of the
2.38 shows such a picture for perhaps the most versatile

elements that are the basis of the Periodic Table, This
atom in the Universe, an atom of carbon-12. Studying will be discussed in the next chapter
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| Exam tp

Make sure that you remember how to work out the
electron arrangements of the first 20 elements and
can draw them in rings (shells) as in Figure 2.39.
Also remember that you can give the electron
arrangement simply in terms of numbers: 2,84 for
silicon, for example.

You can see from these elements that the

number of outer electrons in an atom is the same as
the number of the group in the Periodic Table that
the element is in. The number of shells of electrons
in an atom tells you the period (row) of the element
in the table. We will look at this further in the next

Electrons are arranged in orbit around th,
central nucleusof the atom. They are s,
in shells or ‘energy levels.

Shells are filled in order, lowest energy fiy,

« The first shell holds up 10 2 electrons,
others can hold .

@ Q

1 What are the maximum numbers of clectse,
that can fill the first and the second shells
(energy levels) of an atom?

2 What is the electron arrangement of 1 calom
atom, which has an atomic number
of 207

3 How many electrons are there in the outer
shells of the atoms of the noble gases, rpes s
neon?

4 Carbon-12 and carbon-14 are different sotpe.
of carbon. How many electrons are there 2.2
atom of each isotope?

P

check questions
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Exam-style questions

‘The electronic structures of various atoms are shown below.

O 0-©
SO

a i Which one of these structures A to E represents a noble gas? i
‘Which two of these structures represent atoms from the same Group of the Periodic Table? [}
Which one of these structures represents an atom with an atomic number of 87 i
iV Which one of these structures i in Period 3 of the Periodic Table (refer to Table 2.10 and
the Appendix)? W
IEIGCSE dune 2006, paper 2, 9390t

2 ‘The states of mater are solid, liquid and gas.
“The diagram below shows how the molecules are arranged in these three states.

= *’ fe)

a State the name given to the change of state labelled

i A
i B

)
i C

b Which one of the following best describes the movement of molecules in the liquid state?
* The molecules are not moving from place to place.
s The molecules are sliding over each other. [l
* The molecules are moving frecly.
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bromine  chlorine

Name a substance which is
i

mereury  sodium chlorige

sulfur

a gas at room temperature
il anon-metallic liquid at room temperature

i a compound which i a solid at room temperature,

¢ Astudent set up the apparatus shown in the diagram below
glass tube
ootion wool soaked 1y cotton wool soaked in
ammonia solution concentrated mf‘wm add

‘The white solid is formed because the molecules of hydrogen chloride gas and ammonia gas

‘move at random throughout the tube and eventually react with each other.

i State the name given to this random movement of molecules.

i State the name of the white solid formed at X.

il Suggest why the white solid is formed towards one end of the tube and not in the midde.
£ What type of chemical reaction takes place when ammeonia reacts with hydrochloric acid?
g

‘The diagram below shows a simple apparatus that can be used for measuring the melting
point of a solid.

kT

heat

The liquid in the beaker is heated slowly and the temperature at which the solid B melts is recorded.
i State the name of the piece of apparatus labelled A.

i Solid B melted at 155°C.

Why would water not be a suitable liquid to put in the beaker when using
find the melting point of solid BY

Suggest why the liquid needs to be kept stirred.

this apparatus to

I IGCSE June 2005, paper 2,63

(]

3
n

3]
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3

A student took a sample of seawater and heated it using the apparatus shown below:

a  Whatis the name given to the process shown in the diagram? )
b State the name of the piece of apparatus labelled A. I
¢ Explain the function of the condenser: I
d Pure water collects in the beaker. State the boiling point of pure water. I

GEIGCSE, November 2002, paper 2, 46 pr

4 Nitrogen dioxide, NO,,is a dark brown gas.
‘When nitrogen dioxide is cooled, it forms a yellow liquid and then pale yellow crystals. These crystls
are heated and the temperature is measured every minute. The following graph can be drawn.

o
2 Describe the arangement and movement of the molecules i the region A-B, i
b Name the change that occurs in the region B-C

GEIGCSE une 2005 pper3 P
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Electron Proton Neutron
Electrons are | Protons are present | Neutrons are
present outside the | inside the nucleus | present inside the
nucleus of the atom | of the atom nucleus of the atom
Electrons are | Protons are | Neutrons are
negatively charged | positively charged neutral.

Mass of electron is

Mass of proton is

Mass of neutron is

considered to be | approximately 2000 | nearly equal to the
negligible times the mass of | mass of proton.
electron
lectron is | Proton is denoted | Neutron is denoted

denoted by ‘e’

by 'p’

by 'n’.
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Characteristics of the Subatomic

Particles
Particle Location Mass Charge
Neutron 1 atomic Neutral
no nucleus mass unit 0
(AMU)
Proton Positi
nucleus 1 AMU -
p* -
Electron | Electron Negative
e cloud in 0 1
energy levels





image3.png
Element

Protons

Neutrons

Electrons

Aluminum
13
14
13

www.valenceelectrons.com
Electron

Orbit

@ Nucleus




image4.jpeg
the temperature of the gas in the balloon rises
and falls.

1f you plota graph of volume against temperature
for a particular gas, you will get a straight line.
“This shows that the volume is proportional to the
temperature. However, the volume of the gas is not
zer0 at 0°C. In fact, the volume of the gas reaches
zero at ~273°C.

A graph of pressure against temperature for a
gas shows a similar straight line, as the pressure
of a gas is proportional to the temperature and is
zero at ~273°C. Since gas pressure is produced by
the particles colliding with the container walls, we
can conclude that at ~273°C the particles are not
moving. At this temperature, the particles have
10 energy. This temperature is known as absolute
zero. Itis impossible to get colder than absolute
2er0. The absolute temperature scale (or Kelvin
scale ~ named after Lord Kelvin) starts at OK (zero
Kelvin). On this new scale, the freezing point of
water is 273K, and its boiling pointis 373K (both
at atmospheric pressure). Note that the unit of
temperature on the Kelvin scale is just kelvin! Itis

Atoms and molecules
‘The behaviour of some gaseous elements (their
diffusion and pressure) shows that they are made

Key ideas so far

s kelvin! i/

P of molecules,

e ot separate

atoms, Th
 (H,), nitrogen s 8 true of
But, 25 we discused g e o 2™ (09 30d ther,

particles mak

ing up c
dioxide e,

these cor
<onsist of atoms of different el T
nt elements chemicl

bonded together. Water is made ny‘“::! y:n i
hydrogen bonded to one atom of oxygen »:mu;.(
formula H,O. Methane (CH.) has ond atom of
bonded to four atoms of hydrogen, and hydrogen

chloride (HCI) has one atom of hydrogen and one
atom of chlorine bonded together. Models of these are
shown in Figure 2.32

Figure 232 Simple
3
A e BT
_—

Ina chemical reaction new substances are made.

Elements can chemically combine to make

compounds.

‘The atoms or molecules are arranged differently in

the three states of matter.

* Diffusion can take place in the fluid states - the
liquid or gaseous states.

* Heavier atoms or molecules diffuse more slowly.

than lighter ones.

[© Qu

1 Define an element.

2 Define a compound.

3 Summarise the differences between the three
States of matter in terms of the arrangement of the
particles and their movement.

4 Which gas diffuses faster, ammonia or hydrogen
chloride? Briefly describe an experiment which
demonstrates this difference.

5 Which gas will diffuse fastest of all?

B

heck quest
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2.4 The structure of the atom

Atomic structure

How can atoms join together to make molecules? What
‘makes certain atoms more ready to do this? Why do
hydrogen atoms pair up, but helium atoms remain
single? To find answers to questions like these, we

need first to consider the structure of atoms in general
Dalton thought they were solid, indivisible particles. But
rescarch since then has shown that atoms are made up
of various subatomic particles. By 1932, it was clear that
atoms consisted of three subatomic particles - protons,
neutrons and electrons. These particles are universal -
all atoms are made from them, The atom remains the
smallest particle that shows the characteristics of a.
particular element.

Measuring the size of atoms
Modern methods such as scanning tunnelling
‘microscopy have allowed us to ‘se¢’individual atoms
ina structure. However, atoms are amazingly small! A
magnification of 100 million times is necessary to show
the stacking pattern of the atoms that make up a gold bar.
A single atom is so small that it cannot be weighed on a
balance. However, the mass of one atom can be compared
with that of another using a mass spectrometer. The
element carbon is chosen as the standard. The masses
of atoms of all other elements are compared to the mass
of a carbon atom. This gives a series of values of relative
‘atomic mass for the elements. Carbon is given a rlative
atomic mass of exactly 12, which can be written as
carbon-12. Table 2.6 gives some examples of the values
‘obtained for other elements. It shows that carbon atoms
are 12 times as heavy as hydrogen atoms, which are the

Element Atomic symbol  Relative
atomic mass

lightest atoms ofall. Calcium atoms are 40 e, o
as hydrogen atoms. x)
Subatomic particles

Evidence for the sructure ofthe stom came
studying:

. the nature ofrays produced in discharge s

(for example cathode-ray tubes) |

o thelight given out by excited gases

« the nature of radioactivity,

J-J- Thomson (in 1897) found that cathode ry
tubes (the early ancestors of television tubes)
produced beams of small particles tht could
deflected (bent) by an electric field (Figure 2.33)
He found that these rays were beams of negaivey
charged particles, which were named electrons,
Using a different type of discharge tube filled
with a small amount of hydrogen, Thomson
also discovered a positively charged particke he
proton. Then, in 1932, Chadwick discovered a
neutral particle, the neutron, by bombarding
metal targets with radiation from radioactive
‘material.

Figure 235 A cahode oy tube produces  beam o prics 84
Mm.mmmmimwt*ﬂ"/‘

Dalton had suggested that atoms weresalid |

‘particles. But crucial experiments carried 0u!
Rutherfords laboratory in Manchester in 1909
showed that an atom is largely empty space.
Rutherford calculated that an atom is mosty 7
occupied by the negatively charged electro®®
‘surrounding a very small, positively charged
nucleus. The nucleus is a the cenir ofhe 0%
‘and contains almost all the mass of the 2107

made up of the protons and neutrons.





