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Inside the atom

Counting particles

Atomic Structure
L

Linside the atom

Inside the atom

nucleus: protons

Pd and neutrons
LV ) - [}
: > A tiny nucleus |5F1% of
(4 & ® - electron protons ¥ (+1) and
neutrons FF (0) holds nearly all
o shell (energy level) the mass; electrons # % (—1, ~0
: L mass) move in shells 5 Z.
@® proton +1
© neutron 0

® electron —1

Beams in an electric field

proton number /5747 | nucleon number {%ZF%] A | neutrons = A —Z

Worked exampl

13 protons; 27 — 13 = 14 neutrons; 13 — 3 = 10 electrons (lost 3 to become 3+)

A positive ion Z5F (cation [ F) has fewer electrons than protons; a negative ion (anion [ %)
has more.

m proton bends to the — plate
m electron bends to the + plate, far more (much lighter)

m neutron goes straight (no charge)

+ plate

electron
‘ (bends most)

beams in neutron

proton

— plate




Atomic and ionic radius

L tnsid

Isotopes

m across a period [E#] — smaller (stronger nuclear charge 1% 75, same shell)

= down a group 7% — larger (each step adds a shell)
A cation is smaller than its atom; an anion larger.

OQo0o

across a period: radius decreases

O
O
O

saseaJoul sniped :dnoi3 e umop

17 protons, 18 neutrons

37
i7Cl

17 protons, 20 neutrons

Isotopes [5]{i7Z: same protons, different neutrons. Same chemical properties
(same electrons); different physical ones (mass, density).

Electrons

Sub-shells and energy order

4s —

3s —

2s —

1s —

4p ———

3d ————— 4sfills
"""""""""""""""""""""" before 3d
3p ———
2p ———

Shells split into sub-shells T/ = s
(2), p (6), d (10), made of
orbitals %fii& (2 electrons each).

Fill lowest energy first — note
4s fills before 3d.

Electronic configuration

filled singly first,
parallel spins

2p

opposite spins

1s 2s

Electronic
configuration & 775 Fe
= [Ar] 3d6 452,
m paired electrons have
opposite spin H i
m orbitals fill singly first (less
repulsion)

lons lose 4s before 3d:
Fe* = [Ar] 3d°.

Shapes of orbitals

s orbital
(sphere)

7\ )
N\

IS

p orbitals
(two lobes each)

m an s orbital s Zj& is a
sphere 7%

m a p orbital p #ig is a
dumbbell; the three point
along x, y, z

A free radical Ef# % has an
unpaired electron.




First ionisation energy

First ionisation
1600 energy 5 —FMH EHE:

1400 X(g) = X*(g) +e .
1200
1000

lonisation energy

m rises across a period (more
nuclear charge)

1st ionisation energy / k] mol™

800 dipP oS
600 (spin-pair repulsion) m dips at Al (3p < 3s) and S
dip: Mg - Al . .
4007 (3p above full 3s) (spin-pair
200 repulsion {5 1 7
0" Na Mg Al Si P B cl Ar The dips are evidence for

sub-shells.

e n=2: 8 electrons
big jump

2¢e Each successive ionisation
energy ZZ5FH EEE s larger (a
more positive ion).

10°

104
Big jumps reveal the shells:
sodium'’s 2,8, 1 pattern.
Electrons removed before
the first jump = the group
1 2 3 4 5 6 7 8 9 10 11 number.

electrons removed (in order)
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Recap

Topic 1 — key takeaways

o How many neutrons in $7CI?

° The atom o Isotopes

© Which fills first, 4s or 3d?
nucleus (p,n) + electrons in shells same protons, different neutrons
© Why does first IE dip from Mg to Al?
Configurati lonisati @
e onnetration o CHISTLIONCNSIEY, o What do big jumps in successive |E re-
veal?
s, p, d sub-shells; 4s fills before dips show sub-shells; jumps show
3d shells

Answers 1.20 2.4s 3. Al's electron leaves a higher-energy 3p sub-shell 4. the
shells




