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Glossary

Element: an element is a pure substance that cannot be decomposed into simpler

substances and where only one atom is present.

Monatomic: a combination of the words “mono” and “atomic” which means “single

atom”. Usually applies to gases: a monatomic gas is one in which atoms are not bound to

each other.

Cation: Positive net charge (lons)

Anion: Negative net charge (lons)

Diatomic: consisting of two atoms

Compound: a thing that is composed of two or more separate elements.
Mixture: a material made up of two or more substances.

Homogenous: a solid, liquid or gaseous mixture that has the same proportions of its

components throughout any given sample.

Heterogenous: Any mixture that is not of uniform composition.



Properties of Matter

Inquiry Question: How do the properties of substances help us to classify and separate them?
Elements:

o Anelement is a pure substance
o Cannot be decomposed into simpler substances

o Only one element is present
E.G. Oxygen Gas
oO—/O0O
Monatomic:

This term monatomic is used to name substances composed of particles contained in a single atom.
The atoms of monatomic substances are not bonded to each other. E.G. Noble gases that are stable

and have full electron configuration.
Monatomic ionic solutions:

When ionic compounds are dissolved in water, cations and anions separate from each other as aqueous

ions act as a singular particle in that solution. These ions also have a complete electron configuration.

E.G. NaCl in H20
Diatomic:

Diatomic substances are composed of molecules containing two atoms bonded to each other. These

two atoms can belong to either the same element or two different elements.

Homonuclear diatomic molecules are composed of two atoms of the same element. For example,

oxygen (O2), Hydrogen (H2) etc...

Heteronuclear diatomic molecules are composed of two atoms of two different elements. For
example, hydrochloric acid (HCL) is composed of a hydrogen atom bonded to a chlorine atom. There

can be either ionic bonds or covalent bonds between heteronuclear molecules.



Compounds:

A compound is a pre substance which can be decomposed into simpler substances, for example into

elements a compound,

o Is made up of two or more elements

o Always has the elements present in the same ratio by mass
o Each compound has a unique set of properties

o Cannot be separated into parts by any physical means

o Can be separated into its elements by chemical composition

E.G. water, salt, sulfate, ethanol.
Mixtures:

An impure substance is one substance contaminated with small amounts of one or more other
substances. An impure substance is there for a mixture. Variable composition and properties can be

separates into parts by physical process. May contain elements and/or compounds within the mix
E.G. air, concrete, sea water.
Homogenous Mixtures:

Homogenous mixtures are through which appear to have uniform composition throughout.

Homogenous mixtures are not composed of different things mixed together
E.G. aluminum foil.
Heterogenous Mixtures:

Heterogeneous mixtures having non-uniform composition where we can recognize small pieces of

material
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Physical or Chemical?

Physical Properties:

Properties that describe the physical characteristics of a substance and not how the substance
behaves chemically.

E.G. Malleable, Solubility, Ductile, Boiling Point, Frequency.

Chemical Properties:

Properties of a substance that describes how that substances chemical composition will change
given the specific set of conditions

E.G. Flammable, Radioactive, Explosive.

Property of Matter Physical or Chemical
Freezing Point Physical

Combustible Chemical

Water reactive Chemical

Viscous Physical

Toxic Chemical

Condensation Physical

Pyrophoric Chemical

Corrosive Chemical

Melting point Physical

Periodic Table of elements:

The periodic table is a list of all the known elements. It is organised by increasing atomic number.
As you move from left to right, the elements become less metallic with the far-right side of the table
consisting of non-metals. Elements in the middle of the table are called “transition elements” ->
changed from metallic properties to non-metal properties. The elements in the zig-zag lin are called
metalloids, they have both metallic and non-metallic properties. As we move right across as period
of elements, electronegativity increases. Atoms can either gain electrons or loose electrons. As we
move down a group, the atoms get bigger and bigger with more and more electrons. This means the
outermost electrons get further and further away from the positively charged nucleus. It is really

important to remember these are just trends not rules!! There are always exceptions:



E.G. the noble gases, since the noble gases always have eight electrons in their outer shells, they
don’t want to attract anymore.

Properties of metals:

Metals are good conductors of heat and energy. Metals are malleable (can be hammered into sheets)
metals are ductile (can be pulled into wires)

Properties of non-metals:

Non-metals are poor conductors of heat and electricity. Non-metals tend to be brittle. Non-metals
do not have lustre. Many non-metals are gases at room temperature

E.G. graphite is in pencil led, it is a non-metal.

Properties of metalloids:

They both have metal and non-metal properties. They are more brittle then metals. Metalloids are
semi-conductors of electricity some metalloids possesses metallic lustre.

Groups on the periodic table:

2

The table is arranged in vertical columns called “groups”. The Horizontal rows are called “periods”.
Elements in each vertical column or group have similar properties. Elements on the periodic table
can be grouped into families bases on their chemical properties.

Group One- Alkali Metals:

Hydrogen is not a metal. Alkali metals are highly reactive at standard temperature and pressure and
readily lose their outermost electron to form cations with charge 1+. Soft and silvery metal. Very
reactive conducts electricity.

Group Two- Alkali Earth Metals:

Readily lose their two outermost electrons to form cations with a 2+ charge. Shiny, Silvery, white,
reactive (but less than alkali metals), conducts electricity.

Transition Metals:

Good conductors of heat and electricity. The transition metals are able to pull up to 32 electrons in
their second — last shell. Can bond with many elements in a variety of shapes.

Group Three- Boron Family:

Three electrons in their outermost shell. Most are metals. Boron is a metalloid. Cation 3+.

Group Four- Carbon Family:



Four electrons in the outer shell. Contains metals, metalloids and non-metal carbon (C) can give or
take four electrons.

Group Five- Nitrogen Family:

Five electrons in the outer shell. Can share electrons to form compounds. Contains metals,
metalloids and non-metals. Anions 3-.

Group Six- Oxygen Family:

Six electrons in the outermost shell contains metals, metalloids and non-metals. Reactive Anion 2-.
Group Seven- Halogens:

Seven electrons in the outermost shell. All are non-metals. Very reactive. Are often bonded with
elements from group one. Anion 1-.

Group Eight- Noble Gases:

Exists as gases, non-metals. Eight electrons in outermost shell = Full. Helium (He) has only two
electrons in outer shell = Full. Not reactive with other elements.

Rare earth metals:

Some are radioactive. The rare earths are silver, silvery-white or grey metals. Top row are lanthanides,
bottom row are actinides.

Periodic lable of Elements
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Separation Techniques:

Separation by Filtration:
Solids + Liquids (mixtures) commonly separated by filtration.
o Liquid/ Solution -> passes through the filter paper whilst the suspension (mixture) of a solid
of much larger particles remains on top of filter paper.
Separation based on solubility:

o Separating a dissolved solid from a solution



E.G. salt from salt water

o Vaporising the liquid has much lower boiling points than a solid

o Evaporation to dryness removes all solvent.
Distillation:
Solution or mixture of liquids is boiled. Vapour is formed in the condenser. The vapour is
condensed back to a liquid and is separated from the mixture.
E.G. Sea water -> place the sea water into the flask, headed to boiling. Liquid -> Vapour rises up
the heck of the flask diffusing down side arm into the water-cooled condenser. Vapour is cooled,
collected, collected as a liquid in beaker, solid left in flask.
A mixture of two or more liquids be separated by distillation, if the boiling point (BP) of liquids are
significantly different
E.G. by 40 degrees — 50 degrees
If we distil a mixture of two liquids (Alcohol/Water), they do not have greatly different BP (78
degrees — 100 degrees) then the distillate is not a pure substance -> instead a mixture.
Distillation Fractional:
Used to separate liquids where boiling points are fairly close together. Distillation steps: During the
process a mixture of liquids is separated by successive distillations (vaporisations / condensation).
These repeated vaporisations and condensations up the column effectively give many distillations.
Eventually a pure sample of a volatile substance emerges at the top of the column.
Separation based on density:
Mixtures of solids and liquids can be separated based on density in a mixture. The denser particles
or liquids will settle to the bottom of the container.
Sedimentation- where solids settle to the bottom of the container.
Decanting / Decantation: process of pouring off liquid or suspension and tearing solid undisturbed
at the bottom
E.G. pouring tea off tea leaves or panning for gold.
Separating immiscible liquids:
Two liquids when mixed together do not form a homogenous mixture are solid to be immiscible.
These liquids will exist as either small dispensed particles of one liquid in the other or if left long
enough will create two layers.

E.G. water and cooking oil.



Miscible liquids are liquids that mix together to form homogenous liquids to separate immiscible
liquids a separating funnel is generally used. This allows for users to run out the bottom (denser

without getting it contaminated with another liquid.
Calculating Percentage Composition:

Compounds are substances that contain two or more different elements chemically bonded. One
way of describing the composition of elements in a chemical compound is using it’s percentage
composition by mass -> Determining the quantities (masses) of substances present in a sample is
called gravimetric analysis -> analysis by mass.

E.G. Considering a 56gram sample of calcium oxide, of which 40 grams is calcium: The percentage

composition of calcium by mass is: g x 100 =71%

mass of element

Percentage Composition =
mass of compound

Energy levels for electrons
o Electrons exist on energy level. An atom has a certain number of electrons — 2 on first, 8 on
second, 18 on third and 32 on fourth.
Rows in the periodic table:
o Atoms on the first level row have 1 energy level. Atoms on the second row have 2 energy
levels, atoms on the third row have 3 energy levels and so on.
Columns in the periodic table:

o Elements in the same column- they have similar chemical properties (reactivity).

o Electrons can jump from lower to the next ‘
higher energy level | === e
E.G. fireworks P e y
Aufbau Principle: A= e
o Electrons will first fill the lowest energy orbital 5 d5—
first. & i, W=t
Pauli Exclusion Principle:
o For every orbital there could be a maximum of
2e- per orbital L




Hund’s Rule:

o Electrons will find an orbital with no other electron in it, in the same energy level.

Lewis Dot Diagrams

A Lewis electron dot diagram is a representation of the valence electrons of an atom
that uses dots around the symbol of the element.

By putting two electrons on the same side, emphasise the fact that these two electrons
are both in the 1s diagram.

Hydrogen Molecule:

Has 1 electron in its shells. Two dots indicate a covalent bond shown using a line.
When a pair of electrons are shared by atoms to gain more stability.

Hydrogen shares electrons with oxygen in water. Formes a covalent bond — mutual
attraction by electrons.

Oxygen Molecule:

Sharing of 2 electrons -> forms double bonds = 2 lines.

Polar covalent bonds:

Created when the shared electrons between atoms are not equally shared. The shared
electrons will be closer to the atom.

Non-Polar covalent bonds:

When electrons are equally shared.

E.G. hydrogen.

Periodicity:

Melting point and physical state:

Melting points of elements very periodically wit atoms number. The top points (maxima)

correspond to elements of carbon, silicon (Group 14, transition metals)



Lower points (minima) correspond to the noble gases. Most elements exist as solid at room
temperature. Gaseous elements are which are located in groups 17&18. (halogens and noble gasses)
are situated on the right-hand side of the periodic table.

All other elements have no consistent trends in melting and boiling points.

Consistent rules:

Solid if the melting point is greater than room temperature. Liquid if melting point is less than room
temperature but boiling point is greater than room temperature. Gas if boiling point is less than
room temperature.

Atomic Radius

Top points in this graph show the alkali metals — group 1 (refer to OneNote). Bottom points in this
graph show the noble gases Group 18, therefore, atomic radius decreases from the left to right
across any period.

In any period, the all outermost electrons are in the same main energy level and have approx. the
same energy level. Moving across a period the number of protons in the nucleus in increasing.
Moving across a period increases the attraction between the nucleus and each electron in the outer
most shell, drawing electron closer to the nucleus. Moving down a group the positive charge
(number of protons) increases along with the energy of the energy of the outermost electrons — due
to being in higher electron energy levels.

lonisation energy:

When an atom loses an electron, it becomes a positive lon.

E.G. when sodium loses an electron, it becomes a sodium ion (Na+)

This process of losing an electron from an atom; we call ionisation energy.

Energy required to remove an electron from an atom; we call ionisation energy. The lower the
ionisation energy, the easier to remove an electron. First ionisation energy of an element refers to
the energy required to remove an electron from a neutral gaseous atom of an element.

Each element has several ionisation energies is the energy required to remove to remove a second
electron. Successive ionisation levels increase in energy required. Minimum ionisation levels are
alkali metals. Maximum ionisation levels are noble gases due to how stable they are, therefore,
going across a period increases in ionisation levels however, moving down decreases.
Electronegativity:

The higher the electronegativity of an atom the stronger the attraction for bonding electrons



Trend: Electronegativity increases as you move across the table and down decreases.

Noble gases have an electronegativity of 0 as they generally form no compounds. Electronegativity
constitutes an element chemical bonding and its ability to attract electrons to itself. It’s the measure
of an atom to form a negative ion.

Therefore;

; Going across a period, atoms become smaller in atomic radius, as a result its ability to attract an
extra electron increases, thus electronegativity increases.

; Going down a group, atoms become bigger, as a result the nucleus has less attracting power for an

electron, thus electronegativity decreases.
Chemical Bonding:

lonic Bonding:
lonic bonding is the complete transfer of valance electrons between atoms. It is a type of chemical
bond that generates two oppositely charged ions. In ionic bonds, the metal loses the electrons to
become a positively charged cation, whereas the non-metal accepts those electrons to become a
negatively charged anion. lonic bond require an electron donor, metals have few electrons in their
outer-most orbitals.
Polarity:
Polarity refers to the way in which atoms bonds with each other. When atoms come together, they
share electrons and as a result form chemical bond. A polar molecule forms when one of the atoms
exerts a stronger attraction forcer on the electrons in the bond. The electrons get drawn more
towards that atom, so that molecule presents a slight imbalance in its charge.
Electrons in a bond:
In a neutral atom, electron orbit the atom’s nucleus cloud, when these atoms bond they share the
electrons — covalent bond, where electrons are shared equally. In polar molecules the electrons tend
to favour one atom involved in the bond.
Determining Polarity:
Polarity is determined by electronegativity

o Electronegativity: an atoms tendency to attract electrons in a chemical bond.
To determine the polarity if a bond — the difference in electronegativity must be found

o If the difference is between 0.4 and 1.7 the bond will be polar.

o If the difference is greater it will have an ionic character.



As a result, electrons will be taken from the less electronegative elements and orbit the more
electronegative element. If the difference in electronegative is smaller than 0.4, the bond will be
non-polar covalent.
The Dipole Moment
In a polar bond, the resulting difference in the particle charges of each atom is called dipole
moment. The negative particle charge is located at the more electronegative element. The positive is
at the less electronegative element. The dipole moments in the individual bonds that make up a
molecule can give the entire molecule a corresponding net dipole movement. While the molecule is
said to be electrically neutral.

o This can give the molecule unique properties

E.G. Water has his surface tension due to the Dipole moments.
Balancing Equations

A chemical equation shows is the substances involving a chemical reaction — the substances that are
produces (products)
Reactants -> Products
Chemical Equations: General Form
According to the law of conservative mass, when a chemical reaction occurs, the mass of the
products should be equal to the mass of the reactants. Therefore, the amount of the atoms in each
element does not change in the chemical reaction as a result, the chemical equation that shows the
chemical reaction needs to be balanced.
N2 + H2 -> NH3
In this chemical reaction, nitrogen reacts with hydrogen to produce ammonia. The reactants are
nitrogen and hydrogen, and the product is ammonia. This Equation is not balanced because the
reactants side there are 2 nitrogen atoms and 2 hydrogen atoms. In the products side, there are 1
nitrogen and 3 hydrogen atoms. The number of the atoms is not balanced on both sides.
To balance the chemical equation, we need to make use of coefficients. A coefficient is a number
that we place in front of a chemical formula. In the chemical equation, to make the number of
nitrogen atoms equal on both sides, first we place a coefficient of 2 in front of NH3.
N2 + 3H2 -> 2NH3
The equation above is now balanced. There are 2 nitrogen atoms and 6 hydrogen atoms on both

sides. Since there is no coefficient in front of N2, that meant the coefficient is equal to one.



Formula mass and mole calculations:
Calculating relative formula masses:

Relative Atomic mass:
The relative atomic mass of an element show’s its mass compared with the mass of atoms of other
elements. The relative atomic mass of carbon is 12, while the relative atomic mass of magnesium is

24. This means that each magnesium atom is twice the mass of a carbon atom.

Relative formula mass:

Relative atomic masses can be used to find the relative formula mass of a compound. To find the
relative formula mass (MR) of a compound, you add together the relative atomic mass values (AR
values) for all the atoms in its formula.

E.G. Find the Mr of Carbon Monoxide, CO.

The Ar of Carbon is 12 and the Ar of Oxygen is 16.

The Mr of carbon monoxide is 12 + 16 = 28.

The relative formula mass of a substance, shown in grams is called one mole if that substance. So

one more of Carbon Monoxide has a mass of 28g, and one mole of sodium oxide has a mass of 62g.

Relative formula mass calculations:

Compound Formula Calculations Relative formula mass
Water H20 1+1+16 18
Sodium hydroxide NaOH 23+16+1 40
Magnesium hydroxide Mg(OH)2 24+16+16+1 58

(remember that there

are two if each atom

inside the bracket)
The Mole:
Chemists measure the amount of a substance in a unit called “the mole”. This is a convenient way
of counting atoms. It allows chemists to make predictions about the masses of different substances
that are involved in reactions. One mole is the Avogadro number of particles (atoms, Molecules,
lons or electrons) in a substance.

The Avogadro number:



One mole of atoms contains 6.022 x 1023 atoms, no matter what element it is. This is very large

number: it is 6 with 23 zeros after it is known as the Avogadro number.
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