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PERIODIC PROPERTIES: ATOMIC RADII

././L’ atomic radius
nucleus
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outermost shell
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% 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

. [He]251 Al [Ne]3s? 3p? 13 protons
AC [Ne]3sl Si [Ne]3s? 3p? 14 protons
A [Ar]4sl P [Ne]3s? 3p3 15 protons
i [iles S [Ne]3s? 3p* 16 protons
i .
i NF; (stable) vs NCl, (unstable) ???
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REAL NUMBERS

Wavelength Frequency
A, (nm) v, (Hz, s1) b, "2
94 3.20 x 1015 1 c=Axv=3x10°m/s
95 3.16 x 101> 1 5
97 3.08 x 10%> 1 4
103 2.92 x 1035 1 3 1 1
122 2.47 x 103> 1 2 Rh R (n 2 n 2)
410 7.31 x 1014 : ‘
434 6.91 x 104 5
486 6.17 x 104
657 4.57 x 104 3 Ry =3.29 x10% s
1094 2.74 x 1014 3 Rydberg constant
1282 2.34 x 1014 3 .
1876 1.60 x 1014 3 4
2626 1.14 x 104 4
4053 7.40 x 10%3 4 5
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REAL NUMBERS

E=hxvV h=6.63x103%Js
v=R, x (= — =) R, =3.29 x 1015 51
Y] n12 n72 h :
«— N=0
nucleus

1

)

n

E=hx R, x(——

n = oo H—-> H' + e

E=2.18 % 1078] x (5 — =

OOZ

E=2.18 x10718]
IONISATION ENERGY
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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<O<F<Ne
Actual: Li<B<Be<C<O<N<F<Ne
Atom Atom*
Li [He]2s?! [He] make full filled 1s easy
Be [He]2s2 [He]2s?! break filled 2s harder than expected
B [He]2s22p? [He]2s2 make only filled 2s easier than expected
N [He]2s22p3 [He]2s22p? break half-filled 2p harder than expected
0] [He]2s22p* [He]2s22p3 make only half filled 2p easier than expected
Ne [He]2s22pb [He]2s22p* break filled 2p very hard
| |
= — |
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IONISATION ENERGIES (IE)

« 1st|onisation Energy : A(g) 2 A*(g) + e
Increase across with zig-zag

« 2nd |onisation Energy : A*(g) > A%t (g) + €
All higher than the 1%t IE for a given atom.
Noble gas configuration the hardest from
which to remove electron.
Alkali metals have highest 2"d |E

« 3" |onisation Energy : A%* (g) > A3 (g) + e
All higher than the 29 |E for a given atom
Noble gas configuration the hardest from
which to remove electron.
Alkaline earth metals have highest 37 |E
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ELECTRON AFFINITY

the amount of energy liberated when an electron is added to a neutral
atom to form a negatively charged ion.

A(g)+ e 2 A (9)

Electron affinity increases upward for the groups and from left to right across
periods because the electrons added to energy levels become closer to the nucleus,
thus a stronger attraction between the nucleus and its electrons.
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MAKING CATIONS: Happy atoms

1 2
51 SZ \

valence electrons —— 3 4 5 6 7 8
H He
n Szpl 52p2 SZpS SZp4 32p5 SZDG
Li Be B C N O F Ne 0
HEl ﬂnnﬂl n
Na Mg si P cl | Ar 'y
IEI-IE--IIEI
K Ca Sc Ti Cr Mhn Fe Co N Cu Zn Ga Ge As Se Br Kr 2
-m--m-m-m-mmﬂmmlm D
Rb  Sr Y Zrr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe 5
mmmnmmnmnmmmlmn
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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 . lose electron . _
K potassium atom » potassium cation
: K K+
potassium
39.098 19p 19p
19 e 18 e
[Ar]4s?t [Ar]
@ unhappy happy @
Akali metals [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. S
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Lose electron(s)

12
I\/Ig magnesium atom
magnesium SAE
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:

[
»

—_—

magnesium cation
Mg2+
12 p
10 e

[Ne]
happy

[noble gas]

calcium cation [Ar]
strontium cation  [Kr]

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

lose 3 electrons

13
Al aluminium atom
aluminium Al
26.982 13 p
13 e
[Ne] 3s2 3p?
@ unhappy
Boron group metals [noble gas]ns3

Ga becomes Ga3*(Ga*)
In becomes In3* (In*)
etc

) Aluminum powder in explosives:

# m» increases the speed of detonation

>

aluminium cation

A|3+

13 p

10 e

[Ne]

5 ©)
[noble gas]

gallium cation [Ar]
indium cation [Kr]

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

Metal atoms like to lose electrons

1 2 3 4 5 6 7 8

Sl Sz SZpl SZpZ SZpS 82p4 52p5 SZpG

Li Be

Na Mg Al
El N

K Ca Ga
N N Ew

Rb Sr In Sn
EN BN EN

Cs Ba TL Pb  Bi
| o6 J§ 8 ) 2 J 83 |
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or+l1 +2 +3
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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

Y e emeee

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*  Mn®*
Mn6+
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IONIC COMPOUNDS: Gain electron(s)

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

@) oZy

8p 8p

8e 10 e

[He] 2s2 2p* [He] 2s2 2p® = [Ne]

unhappy happy <:::>

Oxygen group s?pt —  s?2pb

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

C N (@) F Ne
| ¢ § 7 § s J o ] 10 |
P S Cl Ar
As Se Br Kr
[ 33 | 34 | 35 | 36 |
Sb Te | Xe
[ 51 | s J 53 | s4 |
At Rn
| ss ) s6 |
Ts Og
| w7 | us |

+3 -4 -3 -2 -1
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CATION AND ANION SIZE

Cations are smaller than their atoms Anions are bigger than their atoms

a) Fewer electrons for same nuclear attraction a) More electrons for same nuclear attraction

b) main group — smaller shell b) main group — larger shell
Na 1522522pb3st S [Ne]3s?3p*

11 protons, 11 electrons 16 protons, 16 electrons
Na* 1522522pb S2 [Ne]3s23p®

11 protons, 10 electrons 16 protons, 18 electronsO

ISOELECTRONIC SERIES — same number of electrons

Size as ions become (MORE NEGATIVE)
| ]
=;u=-.l
. — Ca*t < K' < Ar < CI < §*
'?‘ 18e 18e  18e 18e  18e |
- 20p 19p 18p 17p  16p B v Do s
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POLYATOMIC IONS

”

Oxyanions with root and “ate”:

borate BO,*
carbonate  CO,*
chlorate Clo;
chromate CrO,*
nitrate NO;
phosphate  PO,*
sulfate SO,>

Names of other oxyanions with atoms in the
same group:

carbonate  CO.,* silicate SiO,*
chlorate ClO; bromate BrO;
phosphate  PO,* arsenate AsO,*
sulfate SO,> selenate  SeO,*
llA =
=05 o |

i‘%

¢

Have to be memorised (unfortunately)

iodate 105

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;*
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POLYATOMIC IONS

Hydrogen-containing oxyanions

Add " before the name
carbonate COo,>
carbonate CO;
(bicarbonate)
phosphate PO,*
phosphate PO,*
phosphate PO,
ammonium ion NH,*
L. . hydronium ion H,O*
=S
| -

Have to be memorised (unfortunately)

azide
cyanide
dichromate
hydroxide
oxalate
permanganate
peroxide
superoxide
thiocyanate
thiosulfate
trilodide

N,

CN-
Cr,0,%
OH-
C,0,%
MnO,
0,%
O,
SCN-
S,05%
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NAMING AND FORMULAS

CATION first, then

Calcium
Aluminium

Ammonium

, If needed put the polyatomic ion in brackets

Ca

(NH,)3

-
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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 3IN2

CaCl,

calcium chloride

e-e-Ne- > N¥
e-Ne-e- 2> N¥

calcium nitride
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