C1 - Atomic Structure and The Periodic Table

Atoms
- Made up of protons, electrons and neutrons.

- "'\‘-\@Nucleus (protons & neutrons)

Compounds
- Two or more elements chemically combined.
- Formed by chemical reactions

- Forexample: CO, H,0 CH,

HCl  NaCl

Electron shells
[ | (orbits)
\\\\\'
Atoms have a
Subatomic Relative Charge radius of
particle Mass about 0.1nm
(1x101°m)
Proton 1 Positive
Neutron 1 Neutral Radius of
- nucleus =
Electron Very small Negative about 1x10%4m
Elements

- Only have one type of atom

- Found on the Periodic Table Relative

) Atomic Mass (A,)
Atomic number

l 12 1
C Number of

\ protons + neutrons
6

Number of protons
(same as electrons)

l

Atoms are neutral as
number of protons =
number of electrons

Number of neutrons =

Atomic Mass — Atomic number
(top) (bottom)

Isotopes

Isotope = atoms of the same element which have the
same number of protons, but a different number of
neutrons.

These are isotopes because..

/\
/12

13\
C-rama-C
R B —t—

element

6

/|

Neutrons = Neutrons =
12-6 6 13-6

N

6 neutrons Both have 6 protons 7 neutrons

\ Differentnumber/

of neutrons

Mixtures and Separation

Mixtures — two or more elements or compounds
not chemically joined.

This means the different components of the
mixture can be separated by physical methods
(below)

E.g. air is a mixture mainly made of nitrogen,
oxygen and carbon dioxide.

Filtration

To separate insoluble
solids from liquids
(e.g. sand and water)

Chromatography

to separate out
mixtures (usually liquids)
(e.g. colours in ink)

Evaporation Crystallisation

Chemical Equations
- Shown by using a word equation.
e.g. magnesium + oxygen = magnesium oxide

Left of the arrow = reactants
Right of the arrow = products.

- Also can be shown by a symbol equation
e.g. 2Mg+ 0, 2 2MgO

To quickly separate

soluble solids from a
solution.

(e.g. salt and water)

To slowly separate
a soluble salt from

a solution.

(e.g. copper sulfate
crystals)
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1. Define the word compound.
1. Name the three subatomic particles.

2. Give three examples of compounds.
2. Which two subatomic particles are

found in the nucleus of an atom?

1. Whatis an isotope?
3. What is the mass of a proton?

4. What is the radius of an atom? 2. Why are the two elements below
isotopes? (use the numbers of subatomic

5. What is the radius of the nucleus of an particles)

atom?
14 15
7 7

1. Where is the list of elements found?

2. What does the relative atomic mass
of an element show?

1. Where do you find the reactants in a

3. What does the atomic number ) .
chemical reaction?

show?

2.  Where do you find the products in a

4. How do you calculate the amount of . .
chemical reaction?

neutrons?

. Is air an element, compound or

mixture? Why?

. What is chromatography used to

separate?

. What can be separated using

filtration?

. Give an example of a mixture that

can be separated using filtration.

. What is evaporation used to

separate?

. Give an example of a mixture that

can be separated using
evaporation.
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1. Name the three subatomic particles.
Protons, neutrons, electrons

2. Which two subatomic particles are
found in the nucleus of an atom?
Protons and neutrons

3. What is the mass of a proton? 1

4. What is the radius of an atom? 1 x 1010
m

5. What is the radius of the nucleus of an
atom? 1 x 10 m

1. Define the word compound. 2 or more
elements chemically joined together
2. Give three examples of compounds.

Water, sodium chloride, carbon
rlinvirlg

1. Where is the list of elements found?
Periodic table

2.  What does the relative atomic mass
of an element show? The number of
protons + neutrons

3. What does the atomic number
show? Number of protons

4. How do you calculate the amount of
neutrons? Mass number — atomic
number

1. Whatis anisotope? An atom with the
same number of protons, but
different number of neutrons

2. Why are the two elements below
isotopes? (use the numbers of subatomic
particles)

14 15
7 7

They both have 7 protons, but one has 7
neutrons and one has 8

1. Where do you find the reactants in a
chemical reaction? Left hand side of
the arrow

2.  Where do you find the products in a
chemical reaction? Right hand side of
the arrow

. Is air an element, compound or

mixture? Why? It is a mixture
because it contains nitrogen,
oxygen etc and they are not joined
together

. What is chromatography used to

separate? Mixtures of dissolved
substances

. What can be separated using

filtration? Liquids and insoluble
solids

. Give an example of a mixture that

can be separated using filtration.
Sand and water

. What is evaporation used to

separate? Soluble solids and liquids

. Give an example of a mixture that

can be separated using
evaporation. Salt water
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Distillation

Simple distillation — separating a liquid from a

solution.
Boiling point of water
l /r__ Condensation

thermometer [ 100PC

—

Evaporation =& "JL,H_ v/

- Liquid is heated to boiling point and evaporates
- Vapours travel up into the condenser
- Condenser has cold water around it.

Waler

- Vapours cool and condense (turn back into a liquid).

Electronic Structure

- Electrons are found on shells (orbits) orbiting the
nucleus.

- There is a maximum number of electrons allowed

Flum pudding model

History of the atom

11 electrons

AN

First shell = 2 electrons
Second shell = 8 electrons
Third shell = 8 electrons.

on each shell:
23
11

1t shell = 2
2" shell = 8
3rdshell = 1

Total = 11 electrons

y . \ _Ballof Scientist Time Discovery
| w 4 positiva
-'. charge
: ® | John Dalton Start of the Atoms were first described as solid
xx..,__ﬂ__ ._.-' \ 19th century spheres.
-'x -\_‘:-'
\«“,____ o _"'f_ - Electrons \JJ Thomson 1897 Plum pudding model — atom is a ball
T of + charge with electrons scattered
Ernest 1909 Alpha scattering experiment - mass
Differences to nuclear model Rutherford concentrated at the centre, only the
- Ball of positive charge (no protons) nucleus is + charged. Most of the
- No nucleus atoms is empty space.
-No neuttjon.s Niels Bohr Around 1911 Electrons are in shells orbiting the
- Evenly distributed mass nucleus
Rutherford tested the ol James Around 1940 Discovered that there are neutrons in
u e.r ordteste € pium Chadwick the nucleus.
pudding model
o Rutherford’s scattering experiment \\\ S
—o - a 'Y
% \4 alpha particles are positively charged :-' N . :
] Fired at gold foil T -
c ) p
= g <M
s some alpha particles are most alpha particles passed straight through
= deflected/ repelied phap P ° °
9 Observation Conclusion
o)
€ Most of the particles passed straight through Most of the atom is empty space
&
2 | Some were deflected to the sides The particles had passed close by a positive charge
=)
Q [ Averysmall number were repelled straight The alpha particles had approached the nucleus straight
8 back on. the tiny number told him that the positive charge isin a
very small dense core
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1. What two changes of state occur in 1.  Who suggested the plum pudding model?
distillation? JJ Thomson
2. State three differences between the nuclear model and the plum
2.  What temperature would the pudding model.
thermometer show when distilling
salt and water?
3.  What did Niels Bohr discover?
3.  Why does the water vapour
condense in the condenser? 4. What did James Chadwick discover?
5. Put the particles into order of discovery:
proton electron neutron
?
1. Where are electrons found: 1. Who conducted the scattering experiment?
. 2.  What was fired at gold leaf during the scattering experiment?
2. How many electrons can be placed in 3
the first, second and third shells? '
4. Only a tiny number of the alpha particles were deflected, what did this
) show about the atom?
3. Which number on the element
?
shows the number of electrons: 5. Some particles went straight through, what did this show about the

atom?
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1.  What two changes of state occur in 1.  Who suggested the plum pudding model?
distillation? Evaporation and JJ) Thomson
condensation 2. State three differences between the nuclear model and the plum
pudding model. In the plum pudding model the positive charge was all over
2. What temperature would the the atom, the electrons were randomly scatted and there was no nucleus. In
thermometer show when distilling the nuclear model, there is a nucleus where all the mass and the positive
salt and water? 100 °C charge is, the electrons are in shells
3.  What did Niels Bohr discover? That electrons orbit in shells
3.  Why does the water vapour
condense in the condenser? It cools 4. What did James Chadwick discover? neutrons
down
5. Put the particles into order of discovery:
proton electron neutron
electrons protons neutrons
1. Where are electrons found? In shells 1. Who conducted the scattering experiment? Rutherford
/ energy levels
2.  What was fired at gold leaf during the scattering experiment? Alpha
2. How many electrons can be placed in particles
the first, second and third shells? 2 in
the first, 8 in the second, 8 in the 3. Only a tiny number of the alpha particles were deflected, what did this
third show about the atom? That the nucleus is tiny and contains all of the
positive charge
3. Which number on the element
shows the number of electrons? The | 4 some particles went straight through, what did this show about the

atomic number (as atoms have the
same number of protons as
electrons)

atom? That most of it is empty space
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Development of the Periodic Table

Dimitri Mendeleev

John Newlands — Law of Octaves
- Elements ordered by atomic weight.

- Noticed a pattern with every eighth element.
- Some elements placed inappropriately — metals and
non-metals grouped together.
- Rejected by other scientists — had to put 2 elements in some John Newlands’ Law of Octaves
boxes to make the pattern work

- Still ordered by atomic weight

- Left gaps for undiscovered elements

- Could predict properties of undiscovered elements.

- Some elements didn’t fit pattern — switched them to keep
pattern of similar properties.

H Li Be B c M 0

F Ma Mg Al Si P s

cl K Ca Cr Ti Mn Fe
Co, Ni Cu Zn A In ] Se

Er Rb 3r Ce La Zr Di, Me | Ro, Ru

Eventually, knowledge of isotopes explained why
elements could not be ordered by atomic weight.

v

VoVl

Be
901

B C
108 | 120

N|O|[F
140 | 160 | 190

)
Ca

Al Si
270 | 281

Pl s |C
310 | 321 | 356

vl

Ti
479

v Cr| Mn
509 520( 549

As| Se | Br
749| 790 | 799

59 | 589

Y | Zr
889 | 912
In| Sn
15[ 119

Nb | Mo
929 | 959
Sh| Te | 1
2| 128 | 127

Ru | Rh
101 | 103

Pd
108

La
139

Pb
207

Ta W
18 | 184

209

Os | Ir
194 | 192

Pt
195

Th
22

Dimitri Mendeleev left gaps for
undiscovered elements

Group 1 (alkali metals)

- Similar properties as all have 1 electron in outer shell.

- All lose one electron in reactions to form 1+ ions

- Soft, grey, shiny metals

- Stored in oil as would react with oxygen in air.

- When placed in water they produce an alkali (hence alkali
metals) and hydrogen gas

E.g Lithium + water - lithium hydroxide + hydrogen

Reactivity of Group 1

Li As you go down the group...

- Elements are more reactive because:

- More electron shells

- Outer electron = further from nucleus and more
shielded by the other shells

- The electrostatic force of attraction between
outer electron and nucleus is weaker

- Easier for outer electron to be lost

722~ &)
<

The Modern Periodic Table

Columns = groups

1

2 Li B_E

Rows = periods 3 [Na Mg

- Ordered by atomic (proton) number.

metals

Group number = number of electrons in outer shell.
Elements in each group have similar properties.

non-metals

4
Period number =
number of

electron shells 6 |% 8

K Ca Sc Ti V Cr Mn Fe Co
RS Y Z b Mo Te Ru Rh

H Te W Re Gs I

& @ G oo
R
b § B

Group 0 (Noble Gases)

the atomhas. 7 Ff Ra "C

- Full outer shell —
unreactive as they don’t
need to lose or gain any
electrons

As you go down...

forces

- Boiling point increases
- More electron shells

- Bigger atoms
- More intermolecular

- More energy needed
vto break forces.

Group 7 (Halogens)

7 electrons in outer shell — all react similarly

All gain one electron when they react to form 1- ions
- Form molecules (e.g. Cl,, F,)

- Non-metals.

- A more reactive halogen can replace a less reactive
halogen in a reaction (displacement)

Reactivity of Group 7

As you go down the group...

- Elements are less reactive because:

- More electron shells

- Outer shell is further from nucleus and is more
shielded by the other shells

- The electrostatic force of attraction between
free electron and nucleus is weaker

- Harder to attract an electron into the outer shell.
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State 2 properties of Group 1 metals.

Why are they known as the alkali metals?

Are they reactive or unreactive?

As you go down the group, what happens
to the reactivity of elements?

Explain your answer to Q4.

1. Who created the ‘Law of Octaves’?
2.  What was the main problem with this version of the periodic table?
3. How were the elements ordered in old versions of the periodic table?
4. How did Dimitri Mendeleev order his elements?
5. Why did Mendeleev leave gaps in his periodic table?
6. The knowledge of what eventually explained why elements could not be
ordered by atomic weight?
1. How are elements ordered in the modern 1. What are elements in
periodic table? group 0 known as?
2.  Groups are rows or columns? 2. Why are these
elements unreactive?
3.  What does group number show?
3. What happens to
4. What does period number show? boiling point as you go

down group 0?

How many electrons do the halogens have
in the outer shell?

What type of element are they?
State the trend in reactivity as you go
down group 7.

Explain your answer to Q4.
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1. Who created the ‘Law of Octaves’? John Newlands 1. State 2 properties of Group 1 metals. They
are soft, conduct electricity, they react
2.  What was the main problem with this version of the periodic table? He with oxygen and water
had to put two elements in some boxes 2. Why are they known as the alkali metals?
They form an alkali when they react with
3. How were the elements ordered in old versions of the periodic table? water
Atomic weight 3. Are they reactive or unreactive? reactive
4. Asyou go down the group, what happens
to the reactivity of elements? It increases
4. How did Dimitri Mendeleev order his elements? Atomic weight 5. Explain your answer to Q4. Going down
the group, the outer electron is further
5. Why did Mendeleev leave gaps in his periodic table? For undiscovered away from the nucleus and is more
elements shielded, so it is more easily lost
6. The knowledge of what eventually explained why elements could not be
ordered by atomic weight? isotopes 1. !—Iow many electrons do the halogens have
in the outer shell? 7
1. How are elements ordered in the modern 1. What are elements in 2. What type of element are they? Non metal
periodic table? Atomic number group 0 known as? Noble
gases
2. Groups are rows or columns? columns 2. Why are these 3. State the trend in reactivity as you go
elements unreactive? down group 7.Decreases
3. What does group number show? Number of | They have full outer . .
electrons in the outer shell shells so don’t lose or 4. Explain your answer to Q4. Going down
gain any electrons group 7, the outer shell is further from the
4. What does period number show? Number 3. What happens to nucleus and there is more shielding, so it

of shells

boiling point as you go
down group 0? It

become more difficult to attract an
electron into the outer shell.

INncreases
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