3A — The Periodic table

History of the Periodic table:
o Research on of the following who contributed to the development in ordering the elements.
« Put your findings in a PowerPoint presentation to present to the rest of the class:

Aristotle The 4 elements

Antoine - Laurent de Lavoisier The list of elements

Jons Jakob Berzelius Symbols and Atomic weights

Johan Wolfgang Dobereiner Law of Triads

Alexandre-Emile Beguyer de Chancoutois Spiral cylinder / aligning similar
elements

John Newlands Law of Ocataves

Dmitri Mendeleev Atomic masses / Periodic law

Henry Moseley Atomic number

Glenn Seaborg Transuranic elements 94 - 102

The Periodic table: Mendeleev and beyond

e The Periodic Table is the Bible to Chemists. It brings order and a systematic way of looking
at the elements.

o Prior to the periodic table, it was very difficult to find patterns in the elements.

« Although many people contributed to the development of the modern Periodic table, it falls
mainly down to a handfull:

Dobereiner — Law of Triads:-

If you look at the properties and relative atomic masses of 3 elements in group 1:-

Element | RAM Properties with water

Lithium 6.9 Fizzes gently — hydrogen given off
Sodium 23 Fizzes — hydrogen given off
Potassium | 39.1 Fizzes violently — hydrogen given off

The RAM of sodium is the mean of lithium and potassium.
The rate of reaction of sodium is also in between the other 2.
This also occurs for other ‘triads’ of elements.

Newlands — Law of Octaves:-

« Newlands was the first to notice that if you arrange the elements in order of RAM, every 8"
element exhibited similar physical and chemical properties.
e This only worked for the fist 16 elements and other elements were missing.
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http://uk.youtube.com/watch?v=y_zKNqZmEc0
http://www.youtube.com/watch?v=Jw9p-5t8wWY
http://uk.youtube.com/watch?v=veR3gNXs8LQ&feature=related
http://www.youtube.com/watch?v=Jw9p-5t8wWY
http://uk.youtube.com/watch?v=veR3gNXs8LQ&feature=related

MendeleeV’s Periodic Table

« Mendeleev was the first to put the 60 known elements in the arrangement that they are in
today.

« Mendeleev arranged the elements in increasing mass order but left ‘gaps’ for elements that
had ‘not been discovered yet'.

« Although there were only 60 elements at the time the, gaps he left made it possible to
predict the properties of elements that had not yet been discovered. (Like an incomplete
jigsaw)

e MendeleevV’s prediction about Gallium (not yet discovered) was incredibly close:-

Mendeleev's Prediction Observed Properties

Atomic mass = 72

Atomic mass = 72.6

Density = 5.5gcm™

Density = 5.35gcm™

Light grey colour

Silvery grey colour

Will combine with 2 atoms of
oxygen to form a white powder
(the oxide) with a high melting
point.

Combines with 2 atoms of
oxygen to form a white powder
(the oxide) with a melting point
above 1000°C

Oxide density = 4.7gcm™

Oxide density = 4.2gcm™

Will combine with 4 atoms of
chlorine to form a chloride with

a boiling point less than 100°C.

Will combine with 4 atoms of
chlorine to form a chloride with

a boiling point less than 100°C.

Chloride density = 1.9gcm™

Chloride density = 1.8gcm™

o These predictions were 17 years before Gallium was discovered and shows the correctness
of his ideas.

Henry Moseley
« Moseley showed that the real order of the elements in the Periodic Table is based on
atomic number and not RAM.

« The sequence is close but not exactly the same.

The modern Periodic Table

« The elements are arranged in increasing atomic number.
o Elements with similar properties appear in a regular pattern in the list

Group
5
1 2 3 4 5 6 7 0
10 40
1 Key A He
Relative atomic mass s 2
69 90 Atomic symbol 1087 120 W0 160 190 = 202
Li Be Name B c N 0 F Ne
2 | Usn | Bayien ¢ B G Newe  Ongm uoen Yo
3 1 Atomic (proton number) 4 6 7 8 9 10
230 23 270 21 310 321 355 399
Na Mg A si P s cl Ar
3 | som | M Moo Ston Posgous St e s
1 12 13 14 15 16 17 18
= 391 401 450 479 50.9 520 549 558 589 587 635 635 697 726 749 790 799 838
2 K Ca Sc Ti \J Cr Mn Fe Co Ni Cu n Ga Ge As Se Br Kr
S 14 | mushn | G S | o M Vmdm  Owmem Ve wn conat N o 2ot Galn | Gemmbm | Awic | Sewm  Somce Kopun
a 19 20 2 2 23 2 % % % 2 29 K] 3 2 3 3 3% 3%
855 876 889 912 29 959 (98) 1011 1029 1064 1079 1124 148 1187 1218 | 1276 1269 1313
Rb S Y I Nb Mo T Ru Rh Pd Ag cd In sn sb Te 1 Xe
S  Abom S Yeem  Zwem  Nom  Moodum  Tcweam  Rebem Mgun P Shw Gomm ™ Aerory Telutem e seron
37 38 39 40 4 2 43 4“ 45 4% 4 3 49 50 51 52 53 54
1829 | 1378 1389 | 1785 1809 1838 1862 1902 1922 1951 1970 2006 2044 2072 2090  (09)  (210) (222
Cs Ba Ta Re 0s r [] Ti Pb Po At Rn
6 o  Bum e § e Ben Tagpas Mewn Omen b P oo ey  Tatm Lo Bsnuh  Poosen Asuie o
55 56 57 7 73 7 75 76 77 78 79 80 81 82 83 84 85 86
(223) © (26) (1) | (61) (262  (266)  (264) (1) (268 (@71) (272
Fr Ra At § At Db ] Bh Hs Mt Ds Rg Elements with atomic numbers 112-116 have been reported but not fully
7 Franoem Ragum Actmom & Ruberiodum  Dutwium Statorges Bovium Hassum Veworom  Camsuotum  Rosniginum authenticated
[ 88 89 104 105 106 107 108 109 110 111
1401 1409 1442 1449 1504 1520 1572 1589 1625 1649 1673 1689 1780 1750
o Lo Pr Nd Pm sm Eu Gd Th Dy Ho Er m Yb Ly
Cerum Praseodymium  Neodymesn Promethuu Samanum Essoplum Gadoknkum Terdm Dyspresum Halum Ertum Thuum Mesbium Lt
58 59 60 61 62 63 64 65 66 67 68 69 70 n
2320 | (231) 2381 | (87)  (42)  (243)  (47)  (45)  (251)  (254)  (253)  (256)  (254)  (257)
‘T Pa 1] Np Pu Am Cm Bk of Es Fm Md No Lr
o Towm an U St A Seion  Cwomm  Ensenun  Fmun Medonum Mbsam  Lymwon

Proactinium anum  Neptsmem wtoou Curiom
90 9 2 8 94 9% 9% 97 9% 99 100 101 102 103



Groups:

e A vertical column is called a group:- Groups are numbered | - VII, and 0. Some groups
have names as well.
« Groups often show an increase or decrease in similar properties.
Periods:

e A horizontal row is called a period:- Periods are numbered from the top downwards (1-
7).

o Periods often show gradual changes in properties.

o These patterns are repeated across each Period.

e Thisis called periodicity

Periodicity:

Is a regular periodic variation of properties of elements with atomic number and the
position in the Periodic Table

« Trends in properties can occur across periods and down groups:
Across a Period: Metal » Non — metal
Down Group 4: Non - Metal - Metal
Variation in electron structure:
« Chemical reactions are due to the outer shell electrons only.
e This means that those elements with the same number of electrons in the outer shell will
react in similar ways.
e The vigour of the similarities will depend on shielding and the number of protons in the

nucleus (Li - Cs).
e This is what causes Periodicity - the regular repeating patterns:

Li Be B C N o) F Ne
[He]2s' [[He]2s? [He]2s?2p* [He]2s”2p? [He]2s°2p® [He]2s2p* [He]2s°2p° [He]2s2p°
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[Ne]3s* [Ne]3s? [Ne]3s?3p’ [Ne]3s?3p? [Ne]3s?3p® [Ne]3s°3p* [Ne]3s°3p° [Ne]3s°3p°



Periodicity: lonisation energies and atomic radii

A) Trends across a period:

1) Periodic Patterns: Atomic radii

As you go across a period, the nuclear charge increases.

And the shielding between nucleus and outer electron shell remains the same.

The increased nuclear charge pulls the electron shell closer to the nuclei.

This means there is a slightly greater attraction between the nucleus and the outer shell
electrons.

The increase in nuclear charge is the most important factor.
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Number of protons increases

Atomic radius decreases

First ionisation energy increases overall

2) Periodic Patterns: First ionisation energies

The explanation for atomic radii explains the trend in first ionisation energies across a
period
Graph of 1% ionisation energies for the first 36 elements:
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Recap

— Factors affecting ionisation energies:

1) The distance of the electron from the nucleus
2) Size of the positive nuclear charge
3) The ‘shielding’ effect by full inner shells

Explanation:

Start with atomic radii:

Then i

B) Tre

As you go across a period, the nuclear charge increases.

As the distance between nucleus and outer shell remains the same

And as shielding between nucleus and outer electron shell remains the same.

The increased nuclear charge pulls the electron shell closer to the nuclei.

This means there is a slightly greater attraction between the nucleus and the outer shell
electrons.

nclude what effect that has on removing an electron:
This means that the first ionisation energy increases across a Period.

nds down a Group:

1) Down a Group: Atomic radii increases:

Number of
shells e Asyou go down a group, the nuclear charge
increases . '
increases.
« There are more electron shells which
Shielding ' increases shielding between nucleus and
increases / ; outer electron shell.
« As there are more electron shells, the
, , distance between nucleus and outer shell
Atomic radius increases.
increases

First ionisation
energy

e This means that attraction between the
nucleus and outer electrons decreases.

« Distance and shielding are the most
important factors.

decreases

2) Down a Group: First ionisation energies decreases:

Explanation:

Start with atomic radii:

Then i

As you go down a group, the nuclear charge increases.

There are more electron shells which increases shielding between nucleus and outer
electron shell.

As there are more electron shells, the distance between nucleus and outer shell increases.
This means that attraction between the nucleus and outer electrons decreases.

nclude what effect that has on removing an electron:

This means that the first ionisation energy decreases down a Group.



Periodicity: Boiling points
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General trends:

« Increase in Boiling point from Gp 1 - 4.
e SharpdropfromGp4-5
e Low Boiling points forGp 5 -0

Explanation:
e As you move from left to right there is a general pattern:

Metals = Non - metals
e And:

Solid = Gas

e This means that there are different structures, forces of attraction and bonding.

« All 3 of these must be considered when explaining boiling / melting points. As we move
across a period.

Metallic = Giant Molecular = Molecular = Atomic

« If you understand the structures, forces of attraction and bonding in all 4 of the above,
then it becomes easier:

« We shall take each one in turn:

Metallic bonding -Gp 1-3
e The boiling points increase as you move along Group 1 - 3.

e This is due to an increase in outer electrons available to be part of the mobile sea of
electrons.
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lonic charge increases

lonic size decreases

Number of outer-shell electrons increases

Attraction increases: melting and boiling point increases



Giant covalent structures - Gp 4
e These are carbon and silicon
e This is due to the strong covalent bonds making up a giant structure.
o For these to boil, the strong covalent bonds must be broken leaving single atoms.

Carbon - Diamond Carbon - Graphite Silicon

Molecular / Atomic - Groups 5 - 0:

e These are elements that are diatomic molecules (N2, O2) or single atoms (Ne, Ar).
e The intermolecular forces between these elements are Van der Waals and therefore weak.
e These Van der Waals are easily overcome separating the diatomic molecules or atoms

from each other.
m@m / ﬂ;f

Summary:
lPeriod2 || Li || Be || B || €
lPeriord3 || Na || Mg || Al || si
Structure Giant metallic EllE?
covalent
Strong
Strong forces between forces
Forces positive ions and negative || (bonds)
delocalised electrons between
atoms
Bonding Metallic bonding Coval.ent
bonding




