
ATOMIC STRUCTURE, MASS, MASS SPECTROMETRY & ELECTRONIC CONFIGURATION 

Atomic Structure
• Atoms are the components that make up

all elements.
• Atoms are made up of three types of sub-

atomic particles – protons, neutrons, and
electrons

• Protons and neutrons make up the nucleus, where most of the
mass is concentrated. Electrons orbit the nucleus in shells

Particle Relative Mass Relative Charge
Proton 1 +1
Neutron 1 0
Electron 1/1840 -1

The Evolution of Atomic Structure 
Over Time 

• The model of the atom has changed over time as new evidence
has become available.

Dalton proposed that all atoms of one element 
are the same and are diff erent from the atoms of 
another element. Atoms in his model were tiny 
and indivisible.
Thomson discovered the electron. He proposed 
the plum pudding model where negatively 
charged electrons move in a ‘sea’ of charge in a 
positively charged atom.

Rutherford found that most of the mass is 
concentrated in the positive nucleus, with 
negative electrons orbiting it. The positive and 
negative charges balance to make the atom 
neutral.
Bohr suggested that electrons orbit the nucleus 
on paths. Bohr’s planetary model provided 
an explanation for the diff erence in energy of 
electrons at diff erent distances from the nucleus.

The current model is composed of protons, 
neutrons, and electrons. Protons and neutrons are 
found in the nucleus and are made up of smaller 
quarks, whereas electrons surround the central 
nucleus.

Relative Masses
• Relative isotopic mass is the mass of an atom of an isotope

compared with 1/12th of the mass of an atom of carbon-12. For
an isotope, the relative isotopic mass = its mass number.

• Relative atomic mass is the ratio of the average mass of
an atom of an element to 1/12th of the mass of an atom of
carbon-12.

• Relative molecular mass is the ratio of the average mass of a
molecule of an element or compound to 1/12th of the mass of
an atom of carbon-12.

• Relative formula mass is similar to relative molecular mass but
applies to ionic compounds.

Mass Number & Isotopes
• Element, X
• Mass number, A, is the total number of protons

and neutrons in the nucleus
• Atomic number, Z, is the number of protons. The

number of positively charged protons is equal to
the number of negatively charged electrons in an
atom, making the atom neutrally charged

• Mass number = number of protons + number of neutrons
• Atomic number = number of protons = number of electrons
• Ions are formed by atoms losing or gaining electrons.

◦ A charge of x- means that the number of electrons in the ion
is the atomic number + x

◦ A charge of x+ means that the number of electrons in the ion
is the atomic number - x

• Isotopes are atoms with the same number of protons and
diff erent numbers of neutrons. Therefore, they have diff erent
mass numbers but the same atomic number.

• Isotopes of the same element have the same electronic
confi guration so react in the same way in chemical reactions
but have slightly diff erent physical properties.

Mass Spectrometry
• Mass spectrometry is a form of molecular chemical analysis

that allows the masses of individual molecules or isotopes to be
determined.

• Mass spectrometry can be used to provide structural
information, identify an unknown compound, or determine the
relative abundance of each isotope of an element.

• In time of fl ight mass spectrometry, the steps include:
◦ Ionisation - the sample is dissolved in a volatile solvent and

ejected through a hollow needle. The needle is connected to
a positive terminal of a high voltage supply. This produces
tiny positively charged droplets.

◦ Acceleration - ions are accelerated towards a negatively
charged plate to give all ions constant kinetic energy. So, the
velocity of each ion will depend on its mass

◦ Ion drift - ions pass through a hole in the negative plate,
forming a beam

◦ Detection - the positive ion picks
up an electron which causes a
current to fl ow. Flight times are
recorded

◦ Data analysis - the signal from the
detector passes to a computer
which generates a mass spectrum

• The mass spectrum gives information
about the relative abundance of
isotopes on the y axis and about the
relative isotopic mass on the x axis.

• The mass spectrum can be used to
determine the relative atomic mass (Ar)

• A mass spectrum for a molecular sample shows the relative
molecular mass on the x axis.

Electronic Confi guration 
• Electrons orbit the central nucleus in shells. Each shell can hold

2n2 electrons, where n is the principal quantum number.
• Electron shells are made up of atomic orbitals, which are

regions in space where electrons may be found.
• Each shell is composed of one or more orbitals and each orbital

can hold one pair of electrons.
• There are four main types of orbitals: s-, p-, d-, and f-

• Electrons have an intrinsic
property (spin). For two electrons
in the same orbital, the spin must
be opposite to minimise the
repulsion.

• Within each shell, orbitals that
are of the same energy level are
grouped together in sub-shells.

• There are 1 s-orbital, 3 p-orbitals, 5 d-orbitals and 7-p orbitals
possible in each subshell.

• Sub-shells have diff erent energy levels. Note that 4s is lower in
energy than 3d, so 4s will fi ll fi rst.

• Shells and sub-shells are fi lled with electrons according to a set
of rules:
◦ Atomic orbitals with the same energy fi ll individually fi rst

before pairing
◦ Aufbau principle – the lowest available energy level is fi lled

fi rst
◦ No more than two electrons can fi ll an atomic orbital

• Electron confi guration is written
with n representing principal
quantum number. X is the type
of orbital and y is the number
of electrons in the orbitals of
the subshell e.g. potassium has
19 electrons and its electron
confi guration is written as 1s22s22p63s23p64s1
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KP, ELECTRODE POTENTIALS & CELLS

Partial Pressure
• Mole fractions indicate the fraction of a mixture occupied by a

particular gas.

• Partial pressure is the pressure each gas in a mixture would
exert on its own. The partial pressure of a gas A is denoted by
p(A) or PA.

• The total pressure of a gas mixture is the sum of all partial
pressures from each gas.

• The amount of pressure a gas exerts in a fi xed volume depends
on how many particles there are – more particles means greater
pressure.

• p(A) = mole fraction of gas A x total pressure
p(A) partial pressure of gas A (kPa)
mole fraction of gas A (mol)
total pressure (kPa)

Equilibrium Constant, Kp
• Kp is an equilibrium constant associated with equilibrium

reactions, only involving gases. It is written in terms of partial
pressures rather than concentrations.

• For the equilibrium reaction:
aA (g) + bB (g) ⇌ cC (g) + dD (g)

• The units of Kp are variable and depend on the specifi c reaction
that is under consideration

• Temperature can affect the position of equilibrium
◦ Increasing the temperature will cause the position of

equilibrium to shift in the endothermic direction. Increasing Kp
◦ Decreasing the temperature will cause the position of

equilibrium to shift in the exothermic direction. Decreasing Kp
• Pressure can aff ect the position of equilibrium

◦ Increasing the pressure will shift the position of equilibrium
to the side with less moles of gas

◦ Decreasing the pressure will shift the position of equilibrium
to the side with more moles of gas

• Changing pressure will not aff ect the value of Kp; instead, the
position of equilibrium will shift to keep Kp constant.

• Catalysts do not aff ect the value of Kp. Instead, it aff ects how
quickly equilibrium is reached.

Electrode Potentials
• Redox reactions can be used in electrochemical cells to

generate electricity (a fl ow of charge).
• An electrochemical cell is a device capable of generating a

potential diff erence from redox reactions
• Electrochemical cells consist of two half–cells. At one oxidation

occurs, at the other reduction. Electrons fl ow between the two
cells, driving the redox reaction.
Zn → Zn2+ + 2e–

Cu2+ + 2e– → Cu
An equilibrium is reached:
Cu2+ (aq) + 2e– ⇌ Cu (s)

• Each one of these beakers
is a half–cell. A solution in a 
standard half–cell will have a 
concentration of
1.00 mol dm–3

• An electrode is a solid
surface which allows the
transfer of electrons to and from it.

• In half cells involving gases, the gas is bubbled through the
liquid and an electrode provides a surface for the reaction to
occur on.

• In half cells with both oxidation states present as aqueous ions,
equimolar solutions of both ions are present with a platinum
electrode.

• The standard electrode potential, EƟ is the voltage measured
under standard conditions when the half–cell is connected to
a standard hydrogen
electrode.

• Standard conditions
includes 298K,
100 kPa and 1.00 mol
dm–3.

•  EƟ gives the position
of equilibrium,
telling us a half–cell’s
tendency to accept
or release electrons

• The voltage
measured is also
known as the
electromotive force
of the cell (EMF).

• An electrochemical
series is a list of
standard electrode
potentials of all the
possible half–cells.

• The more negative
the electrode
potential, the
more the oxidation
(backwards) reaction is favoured.

• 

Electrochemical Cells
• Electrochemical cells can be used as a commercial source of

electrical energy
• In a rechargeable battery, when the chemicals have reacted

fully, a potential diff erence can be applied to the cell in the
opposite direction, which will regenerate the original chemicals

• Lithium–ion batteries are rechargeable:
At the postiive electrode:
Li+ + CoO2 + e– → Li+[C0O2]

–                      EƟ = +0.56 V
At the negative electrode:   Li → Li+ + e–  E Ɵ = –3.04 V

• Some cells are non–rechargeable and disposed of when the
chemicals have fully reacted.

• In fuel cells the chemicals are stored externally and are fed into
the cell when electricity is required.

• An alkaline hydrogen fuel cell:

Positive electrode: O2 (g) + 2H2O (l) + 4e– → 4OH– (ag)   
EƟ = +0.40 V

Negative electrode: 2H2 (g) + 4OH– (ag) → 4H2O
 (I) + 4e–   

EƟ = –0.83 V
Overall reaction: 2H2 (g) + O2 (g) → 2H2O

 (g)   
EƟcell = +1.23 V

Advantages Disadvantages
1. They are more effi  cient than

burning fossil fuels
2. They release water, which isn’t

harmful
3. They do not need to be

recharged — they keep
producing electricity for as
long as they have fuel

1. Energy is needed to build
the fuel cells and produce
hydrogen — this energy
comes from fossil fuels

2. Hydrogen is highly fl ammable
so needs to be carefully
handled
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AMINES, CONDENSATION POLYMERS & AMINO ACIDS

Amines
• Aliphatic amines are those without aromatic

rings present. Primary aliphatic amines
can be prepared by reacting ammonia
with a halogenoalkane. X = an
electronegative species e.g. Cl, Br

• Primary aliphatic amines can
also be made by the reduction of
nitriles using a nickel catalyst and
hydrogen gas:

R–C≡N + 2H2 → R–CH2NH2

A reducing agent such as LiAlH4, 
can be used instead of hydrogen gas:

R–C≡N + 4[H] → R–CH2NH2

• Aromatic amines are made by reducing
nitroarenes such as nitrobenzene,
refl uxed at 100°C using a rducing agent
of tin and concentrated HCl. The tin
and concentrated HCl react to form hydrogen

• Aromatic amines are used in the production of dyes as they’re
brightly coloured

Basic & Nucleophilic Properties of Amines
• Amines are weak bases
• In primary amines the lone pair of

electrons on the N atom is readily
donated due to the extra electron
density from the alkyl groups. Aryl groups are electron–
withdrawing so the lone pair of electrons on the nitrogen
atom in an aryl amine is attracted into the benzene ring, so the
electron pair is less easily donated.

• The lone pair of electrons on the nitrogen atom in amines allows
them to act as nucleophiles.

• Haloalkanes undergo
nucleophilic substitution
with an ammonia
nucleophile to form amines.
This reaction can also
happen with primary amines
acting as the nucleophile,
using the same mechanism
as ammonia, to form
secondary amines

• Reaction of haloalkanes with secondary amine forms tertiary
amines. Reaction of haloalkanes with tertiary alkanes forms
quaternary ammonium salts.

• Quaternary ammonium salts containing a large alkyl group are
often used as cationic surfactants. This is because they have
one long non–polar hydrocarbon chain and a charged end.

• Ammonia and primary amines can also act as nucleophiles
in addition–elimination
reactions with acyl chlorides
and acid anhydrides

• When ammonia reacts, the
product formed is a primary
amide.

• Primary amines react by
the same mechanism, but
the product formed is an
N–substituted (secondary)
amide.

Condensation Polymers
• Condensation polymerisation involves the reaction of two

diff erent types of monomers, with diff erent functional groups.
• Reacting dicarboxylic acids

with diols forms polyesters
• Adjacent polyester chains

are held together by
permanent dipole–dipole
attractions due to the
presence of the polar
carbonyl group

• The polyester terylene
(PET) is formed from
the monomers
terephthalic acid and
ethylene glycol.
Typically used in plastic
bottles, sails, sheets
and clothing

• Reacting dicarboxylic
acids and diamines forms
polyamides

• Adjacent polyamide
strands are held together
by hydrogen bonds

• Nylon is a polyamide used in
textiles

• Kevlar is a polyamide used in
bullet and stab–proof vests

• Polypeptides are also condensation
polymers made up of amino acids

Disposal of Polymers
• Polyalkenes are chemically inert and non–biodegradable due to

the non–polar saturated C–C bonds.
• Condensation polymers can undergo hydrolysis due to the

polar C=O bonds which make them susceptible to attacks by
nucleophiles. This makes them biodegradable.

•  Advantages and disadvantages of diff erent methods of disposal
Advantages of Recycling Disadvantages of Recycling

• Saves diminishing crude oil
resources

• Energy input to refi ning oil
not needed

• Plastic does not end up in
landfi ll

• Plastic must be collected,
cleaned, transported and
sorted which is expensive and
requires energy and time

• There are concerns about the
quality of the products

Landfi ll
• A cheap and easy method
• Damaging to wildlife
• Uses up large areas of land
• Methane is released which

contributes to global
warming

• Leaks from landfi ll sites
contaminate water supplies

Incineration 
• The heat used in incineration

can be used to generate
electricity

• Increases the level of carbon
dioxide in the atmosphere

• Incomplete combustion can
lead to toxic carbon monoxide
or unburnt carbon (soot)
being released

• Other toxic gases, such as
styrene and HCl, can be
released

Amino Acids
• α–amino acids contain both the amine functional group and the

carboxylic acid functional group (carboxyl group) attached to
the same carbon atom.

• Amino acids are amphoteric, meaning they have both acidic
and basic properties and can exist as zwitterions, having no
charge overall.

• The isoelectric point is the pH at which the overall charge of
a molecule is zero
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