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Why Learn Atomic Structure?

The material universe is made of matter.

What is matter? What is its structure?
How is knowing this structure useful?

Molecular structure Electronic structure
Modern medicine Modern computing

Atomic structure



What is Matter?

Matter: That which has mass and occupies space.

Substance: A single form of matter. A substance can be a pure
compound or a mixture of compounds.

Compound: A substance made of several different elements
joined together. Eg. water is H,O; hydrogen and oxygen.

Element: A substance with only one kind of atom. For
example, hydrogen gas is H,, just hydrogen atoms.

Atom: The smallest particle of an element that can exist.



What is Matter?

Matter:
Substance: |
Compound: SOdium + Chlorine
-> Sodium Chloride
\.‘ \ - Salt

. e .
Element These bars contain only gold atoms
Atom: Different elements are made of

different types of atoms




Different kinds of Atoms:
The Elements

Au = Gold Si = Silicon



Atomic Theory of Matter

Philosophical roots: Democritus 400 BC said that matter was
composed of indivisible particles (Atormos means indivisible).

Dalton's theory: Dalton (1803) proposed the following theory:

1. An element is made of atoms.

2. Atoms cannot be destroyed or created.

3. All atoms of a single element are identical and have the same mass.

4. Atoms of different elements have different masses.

5. Two or more elements may combine in the ratio of small whole numbers to

form compounds.

Law of Multiple Proportions: When two elements combine, the ratio of
each element in the compound will always be a whole number.



Law of Multiple Proportions

Experimental roots: Dalton observed that when elements
combine to form compounds, they combine in whole number

ratios.

Until Dalton came along, a compound might contain any ratio
of the elements it was made of. For example; any amount of
hydrogen and oxygen could combine to form weird substances:
For example: H, ,O.; H;0, ., ...which we know do not exist!

The atomic theory means only whole number ratios are allowed
For example: H,O is water while H,O, is hydrogen peroxide.



The atomic theory makes sense!

ce O —

Two hydrogen atoms and one oxygen atom can combine to make
Dihydrogen Monoxide (Water).

el

But 1.234... hydrogen atoms cannot combine with a bit of
an oxygen atom to make 1.234-hydrogen Bit-oxide.




Atomic Structure: Electrons

JJ Thompson (1897) applies voltage to gas in a sealed tube.
The charged particles which are produced are found to be have
a mass 1800 times smaller than a hydrogen atom!

Thompson postulated that these particles reside within atoms,
balanced by a 'delicious cake' of positive charge. This picture of
the atom is termed the plum pudding model.



Beyond the Plum Pudding

Rutherford (1911) fired charged Helium atoms
(also called alpha particles) at a thin sheet of
Gold foil.

Almost 98% pass through. 2% are deflected at
various angles, but 0.1% bounce straight back,

as if they had hit a brick wall.
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Source of alpha particles
(It was actually Radium)




Rutherford's conclusions
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Rutherford concluded that the charged Helium atoms were
deflected by a small, positively-charged core, the Nucleus.

Attracted by the positive core, the negative electrons orbit in the
surrounding space. Because electrons are so light, most of the
atom's mass must be in the Nucleus.



Rutherford's Atom

Electrons circle the nucleu -
due to Columbic (char © )

. Atoms are neutral overall,
attractive force

positively charged protons
in the nucleus are present
G—% in equal numbers to the
\ o- negative electrons

)

The weight of the electrons is tiny, most of the
atomic mass is found in the nucleus and the atomic radius

is filled with predominantly empty space in which the
electrons move about



The neutron is discovered

The final piece of the puzzle: Chadwick (1925) observed
that alpha particles (positive helium nucleii) could knock a
strange, new particle out from a sheet of Beryllium.

“He + °Be -> 12C + 1 n

These particles were uncharged, but had a mass very close to
that of the recently discovered proton.

Chadwick postulated a new, neutral particle also existed in the
nucleus and named it the neutron.



The Atomic Model

Atoms are made up of three, smaller particles:

Neutrons: No charge, but have mass. Reside in the
nucleus.

Protons: Positive charge, mass is nearly the same as
neutrons. Found in the nucleus with the neutrons.

Electrons: Negative charge, 1/1800 times lighter than
protons. Occupy the volume of space surrounding the
nucleus.



The Nuclear Atom

Positively-charged protons
and uncharged neutrons
make up the nucleus, and
most of the atomic mass.

charged and have
very little mass.

Particle Symbol Charge Mass ()

electron e -1 ~9x 102  (1/1837 AMU)
proton p +1 ~1.7x102%* (1 AMU)

neutron n 0 ~1.7x102%* (1 AMU)




Atomic Number

The Atomic Number (2) is the number of protons in the
nucleus of an atom.

Since atoms are electrically neutral (number of protons =
number of electrons), Z also tells us the number of
electrons in that atom.

An element is defined by its atomic humber.
Hydrogen atoms have only 1 proton (Z = 1), carbon has 6
protons (Z=6), uranium has 92 protons (Z=92)...



The Mass Number (A) is of the number of neutrons plus

the number of protons in an atom.

By subtracting the number of protons (Z), we can find the
number of neutrons in an atom using:

A —Z = # Neutrons

6 +— atomic number (2)
How many neutrons C

does this Carbon atom have?

A-Z=
12.0 +— mass number (A) 6 Neutrons




Isotopes

Isotopes are atoms with the same atomic number but
different mass numbers.

©c ¢ §

| proton | proton | proton
| neutron £ neutrons

There are three isotopes of hydrogen:

'H (protium) has no neutrons, 99.99% natural abundance.

’H (deuterium) has one neutron, 0.01% abundance.

3H (tritium) has two neutrons and undergoes radioactive decay.

This difference in mass is large for hydrogen (a tritium atom is 3
times heavier than protium), but for other elements the difference in
mass between isotopes is small enough not to affect their chemistry.



An example: Heavy Water




Birth of the Periodic Table
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Mendeleev

Mendeleev (1880) arranged the elements in
order of atomic weight (i.e. mass number).

Trends began to emerge; for example Lithium
(A=7), Sodium (A=23) and Potassium (A=39)
undergo similar chemical reactions.

Placing the elements into rows of increasing
mass and columns of similar reactivity allowed
Mendeleev to predict the existence of three
new elements (gaps in his table).

These elements (gallium, scandium and
germanium) were soon discovered.



The Modern Periodic Table
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The Modern Periodic Table

The periodic table is arranged today in order of increasing
Atomic Number (2), rather than by weight.

We refer to columns of elements as Groups, due to their
shared chemical and physical properties.

Several new features are also present in the modern
periodic table; these are the transition metals (Groups
3 —11), the lanthanides and the actinides.
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Periodic Table: Groups

Each column of the periodic table constitutes a group. The
elements in a group often share similar chemical and physical
properties.

Group 1: The Alkali metals. Soft, silvery metals with low
melting points. Produce H2 gas when added to water.
Reactivity increases going down the group.

Examples: Lithium, Sodium, Potassium...

Note: Hydrogen is in a group all on it's own, due to its
unique physical and chemical properties



Periodic Table: Groups

Group 2: The Alkaline earth metals. Also
produce H2 in contact with water, but less
reactive than the group 1 metals.

Examples: Beryllium, Magnesium, Calcium,
Stronium, Barium, Radium...




Periodic Table: Groups

Group 18: The Noble gases. Colourless, =
odorless gases. Highly unreactive, only the
heavier noble gases will be able to undergo a
few chemical reactions.

Electronically stable.




Periodic Table: Groups

Group 17: The Halogens. Chemically reactive,
often found in salts.

One more trend in periodicity is illustrated by these

elements: el
Flourine GAS _ 'it_
Chlorine GAS Increasing
Bromine LIQUID | atomic weight

Iodine SOLID



Periodic Table: Transition Metals

Groups 3 — 11 are the Transition Metals. These
elements are the shiny, hard materials we
traditionally think of as metals.

Examples: Gold (Au), Platinum (Pt), Mercury (Hg)...
The Lanthanides and Actinides are two separate

groups of metals with unique chemical and physical
properties.



Periodic Table: Transition Metals

Transition metals
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Chemistry is all about electrons

Halogens are highly reactive elements, and occur on the 2nd last
column (Group 17) of the periodic table.

Alkali earth metals are also highly reactive, and occur as the 1st
column (Group 1) of the periodic table.

Nobel gases are unreactive and are the very last column (Group
18) of the periodic table.

WHY? Nobel gases have the most stable number of electrons of
all the elements. In chemical reactions, an element will try to
attain the same number of electrons as the nearest noble gas.



Chlorine wants an electron!

Argon (Z=18) has 18 electrons. As a nobel gas, it doesn't react.

Chlorine (Z=17) has 17 electrons. It desperately wants to be like
argon and to possess 18 electrons.

Therefore, in a chemical reaction chlorine will try to gain one
electron and become a Chloride Anion (Cl-).

M?ng one electron Gains one electron
e e e hlori I-) now
@ . _ S (@) Chloride (CI-) no
7 (Chemical reaction) =/ has 18 electrons,
just like Argon,

Happy! Jealous Happy!



Sodium wants to lose an electron!

Neon (Z=10) has 10 electrons. As a nobel gas, it doesn't react.

Sodium (Z=11) has 11 electrons. It desperately wants to be like
neon and possess to 10 electrons.

Therefore, in a chemical reaction sodium will try to lose one
electron and become a Sodium Cation (Na+).

One extra electron Loses one electron
/

@ s Sodium (Na+) now
S (Chemical reaction) has 10 electrons,

just like Neon.
Happy! Jealous Happy!




Metals generally form CATIONS

Elements to the left of the periodic table will attempt to lose
electrons and are metals.

For groups 1 and 2, the charge of the cation (number of electrons
lost) will be the same as the group number.

Li and Na (Group 1) Li* Na*
Mg and Ca (Group 2) Mg 2*, Ca?*
Other metals can form cations of different charges. Transition

metals in particular can often lose different numbers of electrons
(You can find Cu+2, Cu+1 etc. in nature)



Nonmetals generally form ANIONS

Elements to the left of the periodic table (except the nobel gases)
will attempt to gain electrons and are nonmetals.

For groups 15, 16 and 17, the charge of the anion (number of
electrons gained) will be the same as the (group number — 18).

Nitrogen (Group 15) 15-18=-3 N3
Oxygen (Group 16) 16 -18=-2 oLy
Chlorine (Group 17) 17-18=-1 Cl-

Example: Sulfur is in group 16, so it wants to be like argon (group
18). Therefore, sulfur will become S%.



Cations and Anions stick together

w +  Sodium chloride is made up of Na+ and Cl- ions.
‘ &)‘ & The attraction between the positively charged

- sodium and negatively charged chlorine is what

Q-9

@ holds a grain of salt together.

What about more complex structures like DNA?

Obviously, things get much more complicated
than table salt! Nonetheless, the atom remains
the essential building block from which all other
matter is made up.




