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PERIODIC PROPERTIES: ATOMIC RADII

././L> atomic radius
nucleus

\‘ outermost shell
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\ Element

% distance = atomic radius
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Size decreases across a period (L to R)
Shell is the same

but nuclear charge increase pulling in shell

Al ‘Ne]3s? 3p? 13 protons
Si ‘Ne]3s? 3p? 14 protons
P ‘Ne]3s? 3p3 15 protons
S [Ne]3s? 3p* 16 protons
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PERIODIC PROPERTIES: IONISATION ENERGY (IE)

ionization energy - an indicator of the reactivity of an element
the greater the ionization energy, the more difficult it is to remove an electron
elements with a low ionization energy tend to be reducing agents and form cations

A(g) 2> A*(g)+ e

IE decreases down a group >

Shell gets bigger IE increases across a period (L to R)

Electrons further away from nucleus  Shell is the same

More shielded Nuclear charge increases pulling in shell
! Electrons held less strongly Electrons held more strongly
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IONISATION ENERGY (IE)

A(g) 2 AT (9)+ e

Expected: Li<Be<B<C<N< <F<Ne
Actual: Li<cB<Be<C< <N<F<Ne
Atom Atom™*
Li [He]2s?t [He] make full filled 1s easy
Be [He]2s? [He]2s! break filled 2s harder than expected
B [He]2s%2p! [He]2s? make only filled 2s easier than expected
N [He]2s22p3 [He]2s?2p? break half-filled 2p harder than expected
Ne . . [He]2s22p® [He]2s?2p* break filled 2p very hard
"-,
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MAKING CATIONS: Happy atoms
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Unhappy atoms:

1. Lose electron(s) main group (s and p block), d block METALS
2. Gain electron(s) main group (p block) NON-METALS, some METALLOIDS

3. Share electrons (Covalent) main group (s and p block) NON-METALS, METALLOIDS
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MAKING CATIONS: Lose electron(s)

19

K

potassium
39.098

S

Akali metals:

L

- A

lose electron

potassium atom » potassium CATION
K K*

19p 19p

19 e 18 e

[Ar]4st [Ar]
unhappy happy @

[noble gaslns! —— [noble gas]

Li becomes Li* lithium cation [He]
Na becomes Na* potassium cation [Ar]
etc

Potassium salts in explosives:

- not explosive, unless in presence of reducing agents (S,

charcoal-based compounds - blackpowder).

- very powerful oxidising agent. When heated, it decomposes to

produce oxygen which fuels the flame of the lit firework, increasing the

= o " temperature of the firework even further.
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Lose electron(s)

12
I\/Ig magnesium atom
magnesium Mg
24.305 12 p
12 e
[Ne]3s?
unhappy

Alkaline earth metals

lose 2 electrons

[noble gas]ns?

—_—

Ca becomes Ca?*
Sr becomes Sr2*

etc

Magnesium salts in explosives:

and

> magnesium CATION
I\/Ig2+
12 p
10 e
[Ne]

happy @

[noble gas]

calcium cation [Ar]
strontium cation  [Kr]

— mix of non- and oxidising Mg salts, may explode when
| heated or react explosively with hydrocarbons (fuels) and ignite combustibles
(wood, paper, oil, clothing, etc.)
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Lose electron(s)

13 - lose 3 electrons
Al aluminium atom » aluminium CATION
.. Al Al3*
aluminium
26.982 13p 13 p
13 e 10 e

[Ne] 3s2 3p? [Ne]
@ unhappy happy @

Boron group metals  [noble gasjns® —— [noble gas]

Ga becomes Ga3* gallium cation [Ar]
In becomes In3* indium cation [Kr]
etc

Aluminum powder in explosives:

- high heat of reaction and energy content; when added to fuel
increases the speed of detonation
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Lose electron(s)

Metal atoms like to lose electrons

1 2 3 4 5 6 7 8

Li Be

Na Mg Al
| 12 | 13

K Ca Ga
20 |

Rb Sr In Sn
EN BN EN

Cs Ba TL Pb  Bi
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Atoms that lose electrons are called CATIONS
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Transition metal cations d-block 4s23dn

All except Sc group make 2+ cations: LOSE THE 4s ELECTRONS FIRST !!!

Ti [Ar]4s23d? +—
Early TM can lose all electrons down to Noble Gas
Up to 5 from the d as well as two valence electrons

Mn [Ar]4s23d°>

Late TM can lose two valence electrons and go to d®

Fe [Ar]4s23d° Fe?* [Ar]3d® Fe3* [Ar]3d®

Cu [Ar]4s13d10 Makes Cu* [A]3d10
Zn [Ar]4s23d10 Only makes Zn?*[Ar]3d1

Sc Ti v Cr Mn Co Ni Cu Zn

N N N P mm

Zr Nb Mo Tc Pd Ag Cd

Lo L) 251 e F e

La Hf Ta W Re Ir Pt Au Hg

A T N N

Ac Rf Db Bh Mt Ds Rg Cn
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- Scd* Tizt V2*  Cr?* Mn2* Fe?* Co?* Ni2* Cu?t ZzZn%
= Ti4+ V5+ Cr6+ Mn7+ Fe3+ C03+ Cu1+
Ti3+ V3+ Cr3+ Mn3+
V4 Crét Mn#
Crd*  Mn5*
Mn6+
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IONIC COMPOUNDS: Gain electron(s)

17 _ gain electron _
chlorine atom > chlorIDE anion
Cl
chlorine Cl Cr
35.453 17 p 17 p
17 e 18 e
[Ne]3s? 3p° [Ne] 3s2 3p® = [Ar]
unhappy happy @
Halogens s2p> —  s2pb

Br becomes Brr bromide anion
' 5 | becomes |- jodide anion
etc
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Gain electron(s)

8

O

oxygen
15.999

gain 2 electrons

oxygen atom > oxIDE anion

@) 0%

8p 8p

8e 10 e

[He] 2s2 2p* [He] 2s22p® = [Ne]

unhappy happy <:::>

Oxygen group s?pt —  s2pb

O becomes 0% oxide anion
S becomes S?-  sulfide anion
etc
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Gain electron(s)

Non-metal (and some metalloid) atoms like to gain electrons

1 2 3 4 5 6 7 8

Sl Sz sZpl SZpZ SZpS Szp4 82p5 SZpG
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Atoms that gain electrons are called ANIONS

P Prifysgol Cymru
» Y Drindod Dewl Sant
N University of Wales
Trinity Saint David




CATION AND ANION SIZE

Cations are smaller than their atoms

a) Fewer electrons for same nuclear
attraction

b) main group — smaller shell
Na 1522522p®3st

11 protons, 11 electrons

Anions are bigger than their atoms

a) More electrons for same nuclear
attraction

larger shell

S [Ne]3s23p*

b) main group —
16 protons, 16 electrons

S2 [Ne]3s23p®

16 protons, 18 electronsO

(MORE NEGATIVE)

< C < §*
18e 18e
17p 16p TR

Na* 1522522p°
11 protons, 10 electrons
ISOELECTRONIC SERIES — same number of electrons
Size as ions become
B e
-y Ca2* < K' < Ar
= 18e 18e  18e
| f% 20p 19p 18p
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IONIC COMPOUNDS

Metal + Non-Metal = IONIC COMPOUND

Na = Ca -
Na* CI- NaCl Ca?* O
e-Cl - e-e-0 -
sodium chloride
Ca =2 Ca > Ca2*
Ca - Ca?*

e-Cl > Cl- Ca?* CI Ca - Ca2+ CaN
e-Cl =2 3N2

CaCl,

calcium chloride

e-e-Ne- > N*
e-Ne-e- 2> N¥

calcium nitride

»

Prifysgol Cymru
» Y Drindod Dewi Sant

" University of Wales
Trinity Saint David



POLYATOMIC IONS

Oxyanions with root and “ate”:

carbonate CO,>
chlorate ClO;
nitrate NO;
phosphate PO,>
sulfate S0O,*

ammonium ion NH,*

¢ — hydronium ion H;O*

#

-

/=
). ¥

Same root atom
but different number of

one more than —ate = per___ate
one less than —ate = ite
two less than —ate = hypo ite

chlorate Clo;
perchlorate CIO,
chlorite Clo,
hypochlorite ClIO-

sulfate SO,*
sulfite SO;*
nitrate NO,
nitrite NO,
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NAMING AND FORMULAS

CATION first, then ANION, if needed put the polyatomic ion in brackets

Calcium nitrate Ca(NO;,),
Aluminium carbonate Al,(CO;),

Ammonium phosphate (NH,),PO,
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