Development of the periodic table

Before the discovery of protons, neutrons and electrons, scientists attempted to classify the
elements by arranging them in order of their atomic weights.

The early periodic tables were incomplete and some elements were FLL[\I ENTS
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Dmitri Mendeleev also ordered elements by atomic
mass but he grouped elements that had similar
properties even if it did not go up in mass order. He
also left gaps for elements that he thought had not
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The Modern Periodic Table
Mendeleev’s Periodic Table was widely accepted by scientists when the discovery of
Gallium had shown his predictions of its properties were correct.

In the modern Periodic Table we order the elements by atomic number and elements with
similar chemical properties are in groups.

Metals and non-metals
Elements that react to form positive ions are metals.
Elements that do not form positive ions are non-metals.

The majority of elements are metals. Metals are found to the left and towards the bottom

of the periodic table.
Non-metals are found towards the right and top of the periodic table.



b  Which two elements (W, X, Y or Z) have the same number of electrons on
their outer shell?

and [1 mark]
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Use the words in the box to complete the sentences.

reactivity atomic weight groups atomic number rows

In 1869 Dmitri Mendeleev produced an early version of the periodic table.

He arranged the elements in order of their

He then placed elements with similar properties into . [2 marks]

When the next element did not follow the pattern Mendeleev left a gap.

Table 1 shows an example is in group 3.

Table 1
e L : L  Formula
| Metalor  Melting | Densityin | ofchloride
1 Element | non-metal pointin°C | g/cm? compound
1 Boron Metal 2076 2.34 BCI3
2 Aluminium Metal 660 2.70 AICI3
3 X

Predict the properties of the missing element, X, in group 3.

[4 marks]




o Figure 7 is a diagram of the periodic table. o T
D AR Y T GRS 2D,
Shade the area to show where non-metals
are found. [1 mark]
Figure 7

> Sodium reacts with chlorine to form sodium chloride.

‘a’  Write a word equation to show this reaction.

[1 mark]
b Draw one line from each substance to the correct description.
Substance Description
Sodium Metal
Sodium chloride Non-metal
Chlorine 3 marks]
Table 2 shows physical properties of different elements.
Table 2
electricity? pointin°C | pointin°C | - g/cm?®.
A Yes 180.5 1342 0.53
B No . =72 58.8 3.10
& No 115.2 4446 2.07
D ‘ | ‘ Yési 419.5 907 7.13
a Which elements (A, B, C or D) are non-metals?
and [2 marks]
¢ b -~ Which element (A, B, Cor D) is a liquid at room temperature? [T mark]
c State two physical properties that the metéls in Table 2 share.
1 2 [2 marks]
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Group 1

The elements in Group 1 of the periodic table are known as the alkali Y

\r

Kr

Ne

The elements in Group 0 of the periodic table are called the noble
gases. They are unreactive and do not easily form molecules because
their atoms have stable arrangements of electrons — full outer shells.

The noble gases have eight electrons in their outer shell, except for

helium, which has only two electrons.

The boiling points of the noble gases increase with increasing relative

atomic mass (going down the group).

metals and have characteristic properties because of the single electron

in their outer shell.

The elements in Group 1 of the periodic table:
e Are metals with low density (the first three elements in the group

are less dense than water)

e React with non-metals to form ionic compounds in which the
metal ion carries a charge of +1.
e Their ionic compounds are white solids that dissolve in water to

form colourless solutions

Rb

e They react with water, releasing hydrogen gas.
e Form hydroxides that dissolve in water to give alkaline

solutions.

(e.g. 2Na + 2H,0 -2NaOH + H,)

In Group 1, the further down the group an element is:
e the more reactive the element :
e The lower its melting point and boiling point. o @&

3
Li
Lithium

6941 |

11
Na
Sodium

22 990

K

Potassium |
39.098 |

37

Rb |

Rubidium |

54
i

Cesium

132905 |

Fr

Francium |

187

223.020 |

Group 1 metals get more reactive as you go down the group because the size of the atom
increases. The outer electron is more shielded from the positive charge of the nucleus
because there are more electron shells in the way. This decreases the attraction between
the outer shell electron and the nucleus, making it easier to lose to become a +1 ion.



Group 7
The elements in Group 7 of the periodic table are known as the

halogens and have similar reactions because they all have seven F

electrons in their outer shell.

The elements in group 7:

e Are non-metals and consist of molecules made of pairs of |7
atoms. Cl

e React with metals to form ionic compounds in which the non- /)
metal ion carries a charge of -1. :

e Can form covalent compounds by sharing electrons with other ‘ 35
non-metals.

Br

wi

In Group 7, the further down the group an element is:
e The less reactive it is.
e The higher it’s melting and boiling point is.

L
ek

Group 7 elements reactivity decreases going down the group

because the size of the atom increases. The outer shell electrons 85

are more shielded from the positive charge of the nucleus At
because there are more electron shells in the way. This Astating
decreases the attraction between the incoming electron and
the nucleus, making it harder to gain one

to become a-1ion.

At

Halogens can also take part in displacement reactions:

A more reactive halogen can displace a less reactive halogen from an aqueous solution of
its salt.

e.g. chlorine + potassium bromide - bromine + potassium chloride

Cl, + 2KBr = Bry + 2KCl

The colour change for this reaction is the colour of the halogen that has been displaced.




Which statements are true about all elements in group 0? Bl
Common
Tick two boxes. - misconception

The elements in group0 ‘

They exist as single atoms. do not all have 8 electrons
They have 8 electrons on their outer shell. g:l;h:;rsozuter el Hehum‘
They have a full outer shell of electrons.
They have high melting and boiling points. [2 marks]
> Table 3 shows data on the group 0 elements.
Table 3
mmmmm
Atomic number 2
Density (g/dm?) 0.18 0.90 s B 585 . 997

] Maths a Calculate the mass of 10 dm® of argon. Give your answer to 2 significant figures.

g [2 marks]

Maths b  Plot the data on the graph axes on Figure 8.

Draw a line of best fit. [3 marks]

-t
o

Density in g / dm>
© = N W Hh LU O N ® VO

O 10 20 30 40 50 60 70 8 90 100
Atomic number

Figure 8
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Use electronic structure to explain why elements in group 0 of the periodic table
are unreactive.

[3 marks]

A teacher demonstrates the reactions of the group 1 metals with water.

The group 1 metals are also known as:

Tick one box.

The halogens The noble gases

The alkali metals The transition metals [T mark]

First, they cut a piece of lithium from a larger block.

The students observe that the cut surface of lithium is sh‘iny but it slowly goes dull.

fPracﬁcal ‘

a Name the element that the lithium is reacting with when it becomes dull. [1 mark]

b  They put the piece of lithium into the water.

Complete the word equation for the reaction that takes place.

lithium + water —» + " [2 marks]

¢ State one safety precaution they will take when carrying out this demonstration.

[1 mark]
The teacher then cuts a piece of sodium.
Sodium is found below lithium in group 1 of the periodic table.
Tick the correct statement.
The sodium will go dull more quickly than lithium because it is more reactive.
The sodium will go dull more slowly than lithium because it is less reactive. [1 mark]

16



Compare the reaction of sodium and lithium with water..

0P S ESLEOVVOLEOPOVLVEODEBRCOCHLOBOPRDEED

Bromine is found in group 7 of the periodic table. Its formula is Br,.

What does this tell you about bromine?

Tick one box.

Bromide ions have a charge of —2.

There are always 2 bromine atoms in a compound.

Bromine exists as pairs of atoms.

Bromine is a reactive element.

Use the information in Table 4 to answer the following questions.

Table 4

5 | Nameofelement ‘Melting pointin °C | Boiling pointin°C
S8 fluorine ~220 ~188
D
3 chlorine ~102 -34
3
=B bromine o 59
{ o 10

‘jodine 184

a Name one group 7 element that is a gas at room temperature.

b  Describe the trend in boiling points as you go down the group.

220200008000 0DRCBBEeARLOR2RRYBLSE DD YTSO

[4 marks]

[1 mark]

[1 mark]

[1 marki

17



Figure 9

Figure 9 shows the electronic structure of the first three group 7 elements.

: theracy Use the diagrams to explain why the reactivity of the halogens decreases as you

go down the group.

[6 marks]

/

/
> Figure 10is a dlagraméthe perlodlc tab e/
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¥Seporake  Scienws &

Shade the area to/show where transi |on
metals are found. / [1 mark]
Wthh 4re transition metals?
Tick boxes
op per (Cu) Aluminiumn (Al)

Magnesium (Mq) Mandanese Mn)
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Topic 1 — Atomic Structure and the Periodic Table Glossary

Key Word Definition
Alkali Metal Elements in Group 1 of the Periodic Table.
Atom The smallest part of an element that can exist.

Atomic Number

The number of protons (which equals the number of
electron) in an atom. It is sometimes called the proton
number.

The process where small amounts of dissolved substances

Chromatography | are separated by running a solvent along a material such
as absorbent paper.
A substance made when two or more elements are
Compound

chemically bonded together.

Condensation

The process in which a gas becomes a liquid.

Crystallisation

The method used to separate a soluble substance from the
liquid it is dissolved in.

Dimitri
Mendeleev

The scientist credited with developing the modern Periodic
Table.

Displacement

A reaction in which a more reactive element takes the
place of a less reactive element.

Distillation

The method used to separate a liquid from a mixture by
evaporation followed by condensation.

Dot and Cross
diagram

A diagram used to illustrate electron arrangement using
dots and crosses to represent electrons.

Electron

A tiny particle with a negative charge. Electrons orbit the
nucleus of atom/ion in shells.

Electron Shell

These are where electrons are found orbiting the nucleus.

Electronic
Structure

A set of numbers to show the arrangement of electrons in
their shells (up to 2,8,8,2).

Evaporation

The process in which a liquid becomes a gas.

A substance made up of only one type of atom. An

Element element cannot be broken down chemically into any
simpler substance.
. i The method used to separate an insoluble solid from a
Filtration o
liquid.
. The method used to separate liquids from a mixture by
Fractional . )
N boiling off the substances at different temperatures, then
Distillation

condensing and collecting the liquids.

Group

All the elements in the same column in the Periodic Table.




Halogen The elements found in Group 7 of the Periodic Table.

Inert Unreactive.

Insoluble Will not dissolve in a particular solvent.

lon An atom that has a positive or negative charge due to
losing or gaining electrons.

Isotopes Atoms that have t.he same number of protons (and
electrons) but a different number of neutrons.

John Dalton One of the first scientists to arrange the elements

John Newlands

A scientist that arranged the known elements into groups
of eight (octaves).

Mass Number

The number of protons and neutrons in the nucleus of an
atom.

Elements found on the left hand side and middle of the

ikl Periodic Table.
Two or more different substances (elements or
Mixture compounds) that are not chemically joined together and
easily separated.
Neutral An atom with no overall charge.
A subatomic particle found in the nucleus with no overall
Neutron
change.
Noble Gas Elements found in Group 8 of the Periodic Table.
Elements found on the right hand side of the Periodic
Non-metal

Table.

Nuclear Model

A model of the atom where protons and neutrons are
found in the nucleus of an atom (at the centre) with
electrons orbiting outside in shells.

Nucleus

The very small and dense central part of the atom that
contains protons and neutrons.

Period

All the elements in the same row of the Periodic Table.

Periodic Table

An arrangement of elements in order of increasing atomic
number, forming groups and periods.

Plum Pudding A model of the atom where electrons were spread out in a
Model sphere of positive charge.
Product A substance made as a result of a chemical reaction.

A positive sub-atomic particle found in the nucleus of an
Proton

atom.

A substance that we start with before a chemical reaction
Reactant

take place.




The tendency of a substance to take part in a chemical

Reactivity reaction

The average mass of the atoms of an element compared
Relative Atomic | with carbon-12. This average takes into account the

Mass (Ar) naturally occurring isotopes of the element (this is the big
number on the Periodic Table).

Relative Formula | The total of the relative atomic masses, added up in the
Mass (M) ratio shown in the chemical formula of a substance.

Sub-Atomic A particle smaller than an atom — electron, proton and
Particle neutron.
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Atoms, elements and compounds

1. Oxygen [1 mark]
2. Ca[1 mark], CI, [1 mark]
3. a iron[1 mark], carbon [1 mark]
b iron oxide [1 mark], carbon dioxide [1 mark]

4. Contains two or more elements [1 mark] chemically
combined [1 mark]

Mixtures

1. Numbering boxes 1 to 4 from top: 1 -3 [1 mark], 2-1[1
mark], 3-4[1 mark], 4 - 2 [1 mark]

2. a Use a magnet.[1 mark] The iron will stick to the
magnet, but the sulfur will not. [1 mark]

b In the mixture the elements are not chemically
combined together. [1 mark]

In the compound the elements are chemically
combined/can only be separated by a chemical
reaction. [1 mark]

Compounds, formulae and
equations

1. NaNO,[1 mark]

2. Kl - potassium iodide [1 mark], MgS — magnesium sulfide
[1 mark], MgSO, — magnesium sulphate [1 mark], Worked

example answer given in workbook for the 4th mark.
3. carbon, chlorine, fluorine [3 marks]
4. magnesium chloride, .5Mg, H,[4 marks]

Scientific models of the atom

1. a plum pudding model [1 mark]

b Answers in order: neutrally [1 mark], negatively [1
mark], electrons [1 mark]

2. Level 3: A number of reasons have been given. Student

considers both the meaning of the results and the validity

of the experiment. They show a clear understanding
of how new evidence leads to changes in models or
theories. [5-6 marks]

Level 2: A number of reasons have been given linked to
why models change over time. Student mentions the
validity of the experiment. [3—4 marks]

Level 1: One or more reasons have been given [1-2
marks]

Indicative content
New evidence was collected.

The results showed the (plum pudding) model was not
correct.

122

The model had to change to explain the results.
The data was checked by other scientists/it was reproducit
The conclusions drawn were valid.

The experiment was well designed/carried out by scientist

Sizes of atoms and molecules

1. 1000-1x10%[1 mark], 100-1 x 102[1 mark], 11 000 -
x 10*[1 mark], 1 million =1 x 10°[1 mark]

2. 2x107"m [1 mark]

Worked example — full answer given in workbook.

4, 150/10 000 [1 mark]
0.015 m [1 mark]
0.015% 1000 =15 (mm) [1 mark]

o

Relative masses and charges of
subatomic particles

1. a X-neutron [1 mark]; Y - proton [1 mark];
Z - electron [1 mark] —1 [1 mark]

b They contain the same number of protons and
electrons. [1 mark]

ci 200 mark] ii 4[1mark] iii
2. Both contain 6 protons. [1 mark]

He [1 mark]

Both contain 6 electrons. [1 mark]
Carbon-12 contains 6 neutrons. [1 mark]
Carbon-14 contains 8 neutrons. [1 mark]

Relative atomic mass

1. It has a mass number of 23. [1 mark]
It has an atomic number of 11.[1 mark]
2. a 46[1 mark]
b Worked example - full answer given in workbook.
3. 35x75=2625[1mark] 37x25=925[1mark]
(2625 +925) /100 [1 mark]
Relative atomic mass of chlorine = 35.5 [1 mark]

4. An average of the atomic masses of all the isotopes of
element[1 mark]

Taking into account the relative abundances/percentac
of each isotope [1 mark]

Electronic structure
1. Numbering boxes 1 to 4 from top: 1 - 3 [1 mark], 2 - 2 [1
mark], 3- 4 [1 mark], 4 - 1 [1 mark]
2. Answersin order: nucleus, energy, two, eight. [4 marks]
3. a 2electrons on innermost energy level [1 mark]
8 electrons on second energy level [1 mark]



b It has one more proton than electrons/it has 11
protons and 10 electrons [1 mark]

Protons have a positive charge and electrons have a
negative charge [1 mark]

Electronic structure and the periodic
table

1. In order of atomic number. [1 mark]

2. They have the same number of electrons on their outer
shell. [1 mark]

3. a i W[I1mark] ii Z[1mark]
iii Z[1mark] iv X[1 mark]

b XandY [1 mark]

Development of the periodic table

1. atomic weight [1 mark], groups [1 mark]
2. Itisametal. [1 mark]

It has a melting point of less than 660 °C (accept an
estimation if more than 660 °C). [1 mark]

It has a density of more than 2.70 g/cm?(accept an
estimation if more than 2.70 g/cm?3). [1 mark]

* It will react with chlorine to form a compound that has
the formula XCl,. [1 mark]

Comparing metals and non-metals

1. Area to the right of the zig-zag is shaded. [1 mark]
2. a sodium + chlorine — sodium chloride [1 mark]

b Sodium - Metal [1 mark], Sodium chloride — Non-
metal [1 mark], Chlorine — Non-metal [1 mark]

3. a B,C[2marks] b B[1 mark]

cElectrical conductor, high melting/boiling point [2
marks]

Elements in group O

1. They exist as single atoms. [1 mark] They have
a full outer shell of electrons. [1 mark]

2. a 1.78x10=17.8=18(g) (to 2 s.f.) [2 marks]

b All points plotted correctly [2 marks]. Award 1 mark if
one point plotted incorrectly. Line of best fit drawn [1
mark]

3. They have a full outer shell of electrons. [1 mark]
So do not have to lose or gain any electrons (to gain a full
outer shell). [1 mark] So do not react/form molecules with
other elements. [1 mark]

Elements in group 1

1. The alkali metals [1 mark]
2. a oxygen [1 mark]
b lithium hydroxide, hydrogen [2 marks]

¢ One from safety glasses, tweezers, safety screen (or
other sensible suggestion) [1 mark]

3. The sodium will go dull more quickly than lithium
because it is more reactive. [1 mark]

4. Any 4from:
Both form hydrogen.

Both form a hydroxide/alkali solution/the pH of the water
will increase.

Both will move around the surface of the water.
Both will melt in the water.

The sodium forms sodium hydroxide, the lithium forms
lithium hydroxide.

The sodium may give out a flame, the lithium will not.

The sodium will react more quickly than the lithium. [4
marks]

Elements in group 7

1. Bromine exists as pairs of atoms. [1 mark]
2. a fluorine/chlorine [1 mark]
b The boiling point increases. [1 mark]

3. When a group 7 element reacts with a metal it gains an

" electron. [1 mark] To form a stable arrangement/to fill
its outer shell of electrons/to get 8 electrons on its outer
shell. [T mark] The electron is attracted to the positive
nucleus. [1 mark] As you go down the group the atom
gets larger. [1 mark] The outer shell is further from the
nucleus/nucleus is shielded by more electron shells.
[1 mark] The larger the atom, the weaker the force of
attraction from the nucleus on the electron. [1 mark]

Properties of the transition metals

1 Aﬁ?
L 2

< < = b <

TSI ErE, 4

gﬁ

[1 mark]
2. Copper (Cu) [1 mark], Manganese (Mn) [1 mark]

3. They increase the rate of chemical reactions.
[1 mark]

4, PbCI2 [1 mark]

5. No gas/bubbles/reaction [1 mark] because copper does
not react with water/reacts very slowly with water. [1
mark] .

‘Section 2: Bonding, structure, and the
 propertiesofmatter

The three states of matter

1. CuO(s)+H,SO 5 (ag) — CuSO ,(@q) + H,0 ()
[1 mark]
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