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ATOMIC STRUCTURE

Chemistry of atoms
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The Atom

An atom is the smallest particle of an element i.e. atoms of the same kind make up an
element. Atoms are very small particles that can not be seen by a human’s naked eye.
The thickest human hair is over a million times bigger than an atom. The diameter of a

single atom can be a small as 0.000000000001cm!

Structure of an Atom

second energy level

electron
' first energy level
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Atoms are made of three sub-particles; protons, neutrons and electrons. Protons and
neutrons make up the nucleus of the atom and are therefore called nucleons. Electrons
are found outside the nucleus orbiting the nucleus in electron shells. Protons are posi-
tively charged and are denoted by p*, neutrons are neutral (i.e. they have zero charge)

and are denoted by nY, electrons have a negative charge and are denoted by e-.

Since the sub-particles (neutrons and protons) have zero and positive charge the overall
charge of the nucleus is positive. It is the overall positive charge of the nucleus that keep
electrons orbiting around the nucleus in their electron shells. Strictly speaking, an elec-
tron shell is the outside part of an atom around the atomic nucleus. This part is made
up of a space of different energy levels. Thus, the electron shells can also be referred to
as energy levels. The innermost energy level or electron shell (the one closest to the nu-

cleus) is called first energy level or shell, and the next one is the second energy level etc.
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The mass of every atom is concentrated in its nucleus. If for example the mass of a pro-
ton was 1, the mass of the neutron would also be 1, but that of the electron would be
1836 times lesser than 1 (i.e. 1/1836 which is equal to 0.00054). The total mass of an at-
om with 1 proton, 1 neutron and 1 electron would thus be 2.00054. Thus, the mass of
electrons is insignificant when calculating atomic mass, only the number of neutrons

and protons are considered.

NB: The total number of protons plus neutrons in an atom is called the nucleon num-
ber (neutrons and protons are called nucleons). This nucleon number is equal to the

mass number, which we will discuss in the next sub section.

The Nuclide Notation

Atoms of all the elements in the universe are listed in an organised table called the Peri-
odic Table. In this table the atoms of the elements are given different symbols e.g. the

symbol for Carbon is C and that of sodium is Na. Note that it does not follow that since
Sodium starts with ‘S’ then its symbol on the periodic table is S. Therefore, the symbols

of each element on the Periodic Table must be memorised!

The number of protons and nucleons are also given along with each symbol in the Peri-

odic table and this makes up what we call the nuclide notation.

Mass (# of protons + # of neutrons)
Number—
—Element
Atomic
Number—

(# of protons)
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The number represented by Z, is the Atomic number. It tells you what position element,
X is on the periodic table and most importantly it tells us the number of protons the at-
om of element X has in its nucleus. Atoms with the same proton number belong to the
same element. The number represented by A, is the mass number (also called nucleon
number). It gives us the Relative atomic Mass (or simply mass) of atom X. Remember ear-
lier we said only the number of protons and neutrons determine the mass of a given at-
om. Fittingly here the mass number is given as equal to the number of protons plus

neutrons.

Q. The nuclide notation of Carbon element in the periodic table is given as:

12

6C

What is the number of protons and neutrons in the Carbon atom?
A. Z, in the above nuclide notation is equal to 6, therefore the number of protons is
equal to 6.

A, the mass number or more fittingly the nucleon number which is given by:

Nucleon/mass number = number of p* + number of n°

12 = 6 + number of n®
number of n® = 12 - 6
number of n? = 6

NB. In the Periodic Table the atoms of the elements are given in their neutral form,

therefore the number of protons is equal to the number of electrons. In the Carbon ex-
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ample above the atom will have 6 electrons (the same as the proton number)-is there

any particular reason you do not put more emphasis on the electrons?

Isotopes

Atoms of the same element will always have the same number of protons but their
number of neutrons can differ. When this happens the mass number of the atoms differ

and the two atoms are called isotopes. Consider the carbon atoms below;
12 C 13 C 14 C
6 6 6
The three atoms above are isotopes of each other. They have the same proton number

but different number of neutrons, this results in different mass numbers.

NB. Isotopes have the same “everything’ except for mass, i.e. they have the same reac-
tivity, the same number of electrons and protons and their electrons are arranged the
same. The only difference is the isotope with the bigger mass number form compounds

that are heavier than their ‘lighter' isotopes.

The Atomic Structure and the Periodic Table
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Period Group

'H :He
1 1 . moowvvoVv VI
. n 12z " 16 19 20
2 | iLi | iBe B [:C |-N [:O0 | .F |:Ne
Lithium geryllium Boron carbon Nitrogen Oxygen Fluorine Neon
2 24 7 2B - n 2 35.5 40
3 |7Na|:=Mg BAlL LS |SP | %S % Cl | GAr
sodum | Magnesium. Aluminium | siicon | Phosphorus Sulfur Chlorine Argon
4 oK |2Ca |5Sc | =Ti |2V | 2Cr =ZMn|zFe |2Co|2Ni |%Cu|2Zn |%Ga 2Ge |As | .Se | =Br | xKr
Potassum | Calcum scandium | Ttanwm | vanadwm | chromium | manganese Iron cobalt nackel Copper anc callum | Germamum | Arsenic ‘Selenium Broming Krypton
s [2Rb|ZSr [2Y | 2Zr |ZNb|iMo| 2Tc [%Ru|%Rh '%Pd |Ag|:Cd [5ln |%Sn [ZSb |%Te |21 [EXe
Rubidium Strontium Yttrium Zrconlum Niobium Mnlybdenum Technetlum | Ruthenlum Rhodium Palladium Slhear Cadmium Indlum Tin Antimony Tellurium lodine Menon
6 |=Cs |=Ba "SHT|%Ta %W [%Re |%0s |5Ir %Pt |SAu%xHg [Tl %Pb [SBi |5Po [:=At [%Rn
Caesium Barium Hafnum Tantalum Tungstan Rhenum Osmium indium Platinum Gold mMercury Thalllum Lead Blsmuth Polonium Astatine Radon
223 226 261 262 263 %2 268 268 m m 285, 284 285 292 293,
7 !’Fr l!Ra |GlRf |05Db |Oﬁsg w7 Bh 108 Hs 109 Mt 10 Ds m Rg Iﬂcn ‘||!UUt I‘MFl :mup "6'-vl ‘||1Uus "¢Un0
Franchum Radium Rutherfordium Dubnium Saabnrglllm Bohrium Hasslum Mefnerium |Darmstadtium| Roantgenium | Coperniclum | Ununtrium Flerowium Livermorism:
144
SLla |%Ce [ZPr |aNd|ZPm|2Sm|ZEu |2Gd |2Th |ZDy |'“Ho|%Er |%Tm|%Yb |%Lu
Lanthanum Cenum ‘Samarium Europium ‘Gadolinium Terbium Dysprosium Holmium Erblum Thulium ‘Yrterblum Lutetium
227 237 mm 218 237 244 243 247 247 i 52 7 258 253 260
DQAC QOTh a1 Pa 92 U QJNp aq Pu a5 Am Dﬁcm a7 Bk QBCf oa Es 100 Fm |0IMd |DZN0 102 Lr
Actinlum Thorium Protactinium Uranium Neptunium Plutonium Americlum Curfum Eerkelium Californium | Elnstelnium Farmium Mendelevium | Mobsllum  |Lawrendum
Key

D reactive metals D metalloids
D transition metals D non-metals

1 peor metals [ noble gases

A Periodic Table is a tabular display of the chemical elements in which the elements are
arranged in order of increasing atomic number. The first element in the periodic table is
Hydrogen which has the Atomic Number 1, followed by Helium with an Atomic Number
2 and so on. The elements are arranged in rows called Periods. There are seven rows on
the Periodic table. The first row is Period 1, the second row is Period 2 and so forth. The
Period number tells us the number of electron shells the elements in that particular pe-
riod has (or the amount of energy levels?) e.g. Hydrogen and Helium are the only ele-
ments in Period 1 and they have one electron shell. Period 2 has elements from Lithium

to Neon and they all have 2 electron shells etc.
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The columns of the Periodic table are called Groups and they contain elements with the
same number of electrons in their outermost shell (the shell furthest from the nucleus).
The first column is Group 1 and is made up of Lithium, Sodium, Potassium, Rubidium,
Caesium and Francium. These elements all have one electron in their outermost electron
shell. Those in group 2 like Beryllium and Magnesium have two electrons in their
outermost electron shell and so on. The manner in which electrons are arranged in elec-
tron shells around the nucleus of an atom is called the Electronic Configuration of the at-

om.

Question: Why are we interested in the Electronic Configuration of the atoms of ele-

ments in the periodic table?

Answer: The manner in which electrons are arranged in a given atom determines its re-

activity or chemical behaviour.

Electronic Configuration

Electronic configuration is the manner in which electrons are arranged in the electron

shells around the nucleus.

Q. How are electrons arranged in an atom?

A. The electron shells around the nucleus have different sizes and therefore accom-

modate different number of electrons.

The first energy level or electron shell is the smallest and can only accommodate a max-
imum of 2 electrons. Consider atoms of the first three elements of the Periodic Table,
Hydrogen (H), Helium (He) and Lithium (Li). The electronic configuration of the three

atoms can be given as follows;
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electron

nucleus electron shell

Hydrogen Atom

The hydrogen atom is in Period 1 of the periodic table and therefore has one electron
shell. Being the first element in the periodic table its atomic number is 1. Remember that
the atomic number is always equal to the number of protons in the nucleus of an atom
and that we said the elements in the periodic table are given in their neutral state. It fol-
lows then that, hydrogen having its atomic number as 1 has one proton and one elec-

tron.

NB. In the atomic diagram of hydrogen above we have not shown the protons inside
the nucleus because these diagrams are ‘electronic” configuration diagrams. We are in-
terested in how the electrons are arranged so we can ignore the arrangement of nucle-

ons in the nucleus and just represent it as a big “dot’. (NICE!!!)

The helium atom is represented by the diagram below;

Helium Atom

Helium like hydrogen is in Period 1 and has one electron shell as well. But unlike hy-
drogen its atomic number is 2 and therefore has two electrons. (Note here that we have

used the atomic number to deduce the number of electrons in the helium atom because
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we are drawing neutral atoms and again like we have said before the atomic number,

number of protons and number of electrons must be the same.)

Drawing the atomic diagram produces a different challenge. Earlier we said the first
electron shell can accommodate a maximum of two electrons, Lithium’s atomic number

is 3 and therefore has three electrons. Where is the third electron going to go?

Look at the periodic table again, you will notice that Lithium is in Period 2 (second row)
that means that it has two electron shells. The third electron therefore goes into this sec-

ond shell and the atomic diagram will be as below;

Lithium Atom

The second electron shell accommodates a maximum of eight electrons and is sub-
divided into four smaller orbitals and each orbital accommodates two electrons (please
justify to me as to why the issue of Orbitals is introduced in this manner?). When filling
electrons in the electron shells it is usually a good practice to put one electron in each

orbital before we start pairing them up. What do 1 mean?

Consider the atomic structure of carbon and nitrogen. The carbon atom is drawn as

shown below;
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Carbon Atom

Notice that the four electrons in the second shell are not paired, we assume that each
electron is occupying one of the sub-shell orbitals that make up the second shell (this is
not entirely true but for the sake of your level of understanding it is sufficient!). When

we move on to Nitrogen which has five electrons in the second shell, the electrons will

Nitrogen Atom

now begin to pair up.

Oxygen will have two paired electrons and two single electrons in the its outermost
shell, Fluorine has three pairs and one unpaired electron and Neon has four pairs. Neon
therefore has a fully filled outermost shell since it has 8 electrons in the second shell (al-

so the outermost).

Sodium comes after Neon and has atomic number 11. It has three shells of electrons
since it is in Period three (third row). How are the eleven electrons in sodium arranged?
Shell number 1 carries 2 electrons, the second will carry 8 and the remaining 1 electron

will go into the third shell.
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Sodium Atom

The third shell accommodates a maximum of eighteen electrons but at this stage we are
going to treat it as if it accommodates a maximum of eight because we are only going to

discuss these atomic structures up to atom number 20, Calcium (NICE!!!).

Q. Draw the atomic structure of Potassium.

Potassium Atom

NB. The correct diagram above is drawn by assuming that the third shell is fully filled
by 8 electrons like the second electron shell, even though its maximum capacity is 18

electrons!

Using the Periodic to Draw the Atomic Structure
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Q. Below is a diagram of part of the Periodic Table, draw the atomic structures of

the atoms of elementsa) X b) Y «¢) Z

| I 1 v v A/ Y 1| 0

A. Let’s start with element b) Y. The numbers on right hand side of the Periodic ta-
ble shows Y is in row number 3 i.e. Period 3. This means the atomic structure of
Y has 3 electron shells. The group numbers are given in Roman Numerals at the
bottom of the periodic table. Y is in group VIl i.e. Group 7. The group number
tells us the number of electrons in the outermost shell. Y has seven electrons in
its outermost shell. To draw the atomic structure of Y we draw an atom with 3
shells and put 7 electrons in the outermost shell. What do we do with the two in-
ner shells? Remember the first shell always accommodates a maximum of two
electrons and the second a maximum of eight. We therefore put two electrons in
the first shell and eight electrons in the second shell. The result is an atomic
structure of Y that has 3 shells with two electrons in the first shell, eight in the

second and seven in the outermost shell.
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Atomic Structure of Element Y

NB. The inner shells must always be filled to maximum capacity. Only the outermost
shell can have a partially filled structure. Thus, if we know the period and the group in
which an element is, the atomic structure can always be drawn by drawing an atom
with shells that corresponds to the period number of the element. Electrons correspond-
ing to the group number are placed in the outermost shell and then we make sure the

inner shells are filled to full capacity!

Now try drawing X and Z.

Atomic Structure of X
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Atomic Structure of Z
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