C1 - Atomic Structure and The Periodic Table

Atoms
- Made up of protons, electrons and neutrons.

e .. Nucleus (protons & neutrons)
¢ e

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

- Forexample: CO, H,0 CH,

HCl  NaCl

® Electron shells
[ | (orbits)
‘\\\ g
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%m
Elements

- Only have one type of atom
- Found on the Periodic Table Relative

. Atomic Mass (A))
Atomic number

l 12 l
C Number of

\ protons + neutrons
6

Number of protons
(same as electrons)

|

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..

/\
/112

13\
( : Same (: N
et ——
element
6
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Neutrons = Neutrons =
12-6 6 13-6

LN

6 neutrons Both have 6 protons 7 neutrons

\ Different number/

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, > 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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Distillation

Simple distillation — separating a liquid from a
solution.

Boiling point of water

Condensation
! : Vs , /

therrmometer | LO0FE

waler

Evaporation =l Hﬁ_ﬂ /
- Liquid is heated to boiling point and evaporates

- Vapours travel up into the condenser
- Condenser has cold water around it.

neat

- 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

on each shell:

23
First shell = 2 electrons 11 electrons N a

Second shell = 8 electrons \

Third shell = 8 electrons. ST

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

Total = 11 electrons

Plum pudding model History of the atom
. s \x -~ Ball of Scientist Time Discovery
£ - 27 positive
.'. charge
I * s John Dalton Start of the Atoms were first described as solid

x-»._,__%_ \ 19t century spheres.
-~/
\x.____ e _"f_ -Elecirons \JJ Thomson 1897 Plum pudding model — atom is a ball

) 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 nGUtron_s Niels Bohr Around 1911 Electrons are in shells orbiting the
- Evenly distributed mass nucleus

Rutherford dthe ol James Around 1940 Discovered that there are neutrons in

utherford tested the plum Chadwick the nucleus.

pudding model

o Rutherford’s scattering experiment \*\ —

go] BANE 3

% v alpha particles are positively charged :- 5. +‘.. .

o @ — v v

e} Fired at gold foil = -

< -

: v &

§ ij%?:c(?lepdh/(]rgsg;gldes are most alpha particles passed straight through

9 Observation Conclusion

o)

€ Most of the particles passed straight through Most of the atom is empty space

I

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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Development of the Periodic Table

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
Lithium + water - lithium hydroxide + hydrogen

E.g
Reactivity of Group 1

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

=
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- Ordered by atomic (proton) number.
Columns = groups

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

1

5 [u e metals B ¢ N
Rows = periods 3 [Ne Mg T's. P

4 |K G S TV GoMn e G N G GaGe A
Period nUMBEr= . |& & ¥ & W Mo fo fu P A G b & %

number of

electron shells 6 Ba la W Ta W Re Os I P AuHg T P

non-metals

Br

At

H Li Be B [ N (o]
John Newlands — Law of Octaves Foloma | Mo [ & | s P s
- Elements ordered by atomic weight. €l K Ca Cr Ti Mn Fe
- Noticed a pattern with every eighth element. comi | cu n N n s se
- Some elements placed inappropriately — metals and o - s leea | 2 oo |l 20 r
non-metals grouped together.
- Rejected by other scientists. John Newlands’ Law of Octaves
|
Bl v v oviow
" oue | o5 | b | 50| o | 40 | o
Dimitri Mendeleev mmgTATSTPISa]
. ) . 230 | 243 | 270 | 281 310 | 321 | %5
- Still ordered by atomic weight Xl IAMEEREE
- Left gaps for undiscovered elements a@l A As| Se | Br
Could : : : [Rb [ Sr | Y | Zr | Nb | Mo Ru | Rh | Pd
- predict properties of undiscovered elements. &5 | &76 | ss | 12| s | w9 0 | 1 | e
- Some elements didn’t fit pattern — switched them to keep cf‘ :3 L'I.'% i) T?zzb 1':%" @ -
e a a Ir
pattern of similar properties. B = G | 2|
IR
Th U
| z=| [z
Eventually, knowledge of isotopes explained why Dimitri Mendeleev left gaps for
. . undiscovered elements
elements could not be ordered by atomic weight.
The Modern Periodic Table Group 0 (Noble Gases)

He
Ne
Ar

Ke

Xe

Rn

theatomhas. 7 Ra Ac

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

As you go down...

- Bigger atoms

forces

vto break forces.

- Boiling point increases
- More electron shells

- More intermolecular

- More energy needed

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

- Quter 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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