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Solid Liquids

e Metals have variable densities but collectively tend to have higher densities than semi-metals and
non-metals. For example, Tungsten (W) has a very high density of 19.3 g/cm?® whereas aluminium
has a lower density of 2.6 g/cm>.

Non-metals have variable densities. Non-metals in covalent molecular structures have lower
densities, whereas those in network structures have higher densities. For example, Hydrogen gas
has a very lower density of 0.09 g/cm® whereas diamond (allotrope of carbon) has much higher
density of 3.5 g/cm?.

Semi-metals tend to have consistently densities in between the high end of metals and majority of
non-metals. For example, germanium's density is 5.2 g/cm?.
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e Metals are known for their excellent electrical conductivity. The metallic structure contains a sea
of delocalised electrons surrounding metal atoms. These electrons are mobile and account for
metals' relatively high electrical conductivity.

Most non-metals are poor conductors because their electrons are more tightly bound and not free
to move. Graphite, a form of carbon, is a notable exception due to its unique structure that allows
electrons to move freely within layers.

Metalloids have variable conductivity, which can often be enhanced by adding impurities in a
process known as doping. Silicon (Si), for example, is a semiconductor widely used in electronic

devices.
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Metals

Most metals are both ductile and malleable. This is because the structure of most metals (repeating
atoms layered on top of each other) allows for relatively easy sliding movement between them
without breaking the attraction between the metallic atoms and surrounding electrons.

Most metals deform well, whether being stretched (exhibiting ductility) or being compressed (which
Is malleability). Generally if a metal is ductile, it is also malleable (at the same temperature).

However, lead is an example of a metal that is malleable (deforms under compressive stress), but not
ductile (easily fractures under tensile stress).

Semi-metals

Metalloids are less malleable and ductile than metals. They are more likely to break or shatter when
subjected to stress, similar to nonmetals.

Non-metals

Non-metals are generally brittle in their solid forms and lack the malleability and ductility of metals.

When force is applied, covalent bonds between atoms are more likely to break, leading to fracture.

Properties Metals Metalloids Non-metals

Appearance Lustrous Low sheen Dull
Variable, mostly Variable, mostly low
Melting & Boiling Point high and solids at High and gases at room
room temperature temperature

Intermediate (semi-

Electrical conductivity High conductors) Mostly poor
Thermal conductivity High Intermediate Mostly poor
Malleability and ductility High Intermediate Nil (brittle)
Density High Intermediate Low
Tensile Strength High Variable Low
Hardness Variable High Variable

Solubility Insoluble Insoluble Variable






Electronegativity Trends in the Periodic Table
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Decreasing electronegativity
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Across a Period: Electronegativity increases from left to right across a period. This is because
atoms have more protons (increasing the nuclear charge) and the same number of core electrons

(electrons in shells closer to the nucleus), pulling the valence electrons closer and making the
atoms more effective at attracting bonding electrons.

Down a Group: Electronegativity decreases down a group. As the atomic number increases, so does
the number of electron shells. This increases the distance between the nucleus and the valence
electrons, reducing the nuclear attraction experienced by bonding electrons.




