St Mary’s Catholic School
Department Curriculum Planning
Department: Science

Year Group: Year 12 Unit 1 Chemistry section and Year 13 (2021-22 cohort)

This is the plan for the taught curriculum during achievement period: September-January

	Brief summary of the topic/work being covered during this period	

	Students are taught the following topics ' Periodicity and properties of elements’, ‘Structure and bonding’ and ‘Production and uses of substances in relation to properties’.
Students are taught the topics so that they can gain a full understanding of the core principles of Chemistry and enable them to achieve their full potential at A level.

	Prior knowledge needed for this unit/topic from previous teaching

	Concepts Covered in KS4
The periodic table and atomic structure
- The relative electrical charges of the particles in atoms are: In an atom, the number of electrons is equal to the number of protons in the nucleus. Atoms have no overall electrical charge. The number of protons in an atom of an element is its atomic number. All atoms of a particular element have the same number of protons. Atoms of different elements have different numbers of protons. Students should be able to use the nuclear model to describe atoms.
- Atoms are very small, having a radius of about 0.1 nm (1 x 10-10 m). The radius of a nucleus is less than 1/10 000 of that of the atom (about 1 x 10-14 m). Almost all of the mass of an atom is in the nucleus. The relative masses of protons, neutrons and electrons are: The sum of the protons and neutrons in an atom is its mass number. Atoms of the same element can have different numbers of neutrons; these atoms are called isotopes of that element. Atoms can be represented as shown in this example: Students should be able to calculate the numbers of protons, neutrons and electrons in an atom or ion, given its atomic number and mass number. WS 4.3, 4 Use SI units and the prefix nano. MS 1b Recognise expressions in standard form. Students should be able to relate size and scale of atoms to objects in the physical world.
- The relative atomic mass of an element is an average value that takes account of the abundance of the isotopes of the element. Students should be able to calculate the relative atomic mass of an element given the percentage abundance of its isotopes
- The electrons in an atom occupy the lowest available energy levels (innermost available shells). The electronic structure of an atom can be represented by numbers or by a diagram. For example, the electronic structure of sodium is 2,8,1 or showing two electrons in the lowest energy level, eight in the second energy level and one in the third energy level. Students may answer questions in terms of either energy levels or shells.
- The elements in the periodic table are arranged in order of atomic (proton) number and so that elements with similar properties are in columns, known as groups. The table is called a periodic table because similar properties occur at regular intervals. Elements in the same group in the periodic table have the same number of electrons in their outer shell (outer electrons) and this gives them similar chemical properties. Students should be able to: • explain how the position of an element in the periodic table is related to the arrangement of electrons in its atoms and hence to its atomic number • predict possible reactions and probable reactivity of elements from their positions in the periodic table. AND THE DEVELOPMENT OF IT

PROPERTIES AND Bonding
- Students GROUPS AND TRENDS
- 5.2.1.1 Chemical bonds Content Key opportunities for skills development There are three types of strong chemical bonds: ionic, covalent and metallic. For ionic bonding the particles are oppositely charged ions. For covalent bonding the particles are atoms which share pairs of electrons. For metallic bonding the particles are atoms which share delocalised electrons. Ionic bonding occurs in compounds formed from metals combined with non-metals. Covalent bonding occurs in most non-metallic elements and in compounds of non-metals. Metallic bonding occurs in metallic elements and alloys. Students should be able to explain chemical bonding in terms of electrostatic forces and the transfer or sharing of electrons. 5.2.1.2 Ionic bonding Content Key opportunities for skills development When a metal atom reacts with a non-metal atom electrons in the outer shell of the metal atom are transferred. Metal atoms lose electrons to become positively charged ions. Non-metal atoms gain electrons to become negatively charged ions. The ions produced by metals in Groups 1 and 2 and by non-metals in Groups 6 and 7 have the electronic structure of a noble gas (Group 0). The electron transfer during the formation of an ionic compound can be represented by a dot and cross diagram, eg for sodium chloride
- Students should be able to draw dot and cross diagrams for ionic compounds formed by metals in Groups 1 and 2 with non-metals in Groups 6 and 7. The charge on the ions produced by metals in Groups 1 and 2 and by non-metals in Groups 6 and 7 relates to the group number of the element in the periodic table. Students should be able to work out the charge on the ions of metals and non-metals from the group number of the element, limited to the metals in Groups 1 and 2, and non-metals in Groups 6 and 7
- An ionic compound is a giant structure of ions. Ionic compounds are held together by strong electrostatic forces of attraction between oppositely charged ions. These forces act in all directions in the lattice and this is called ionic bonding. The structure of sodium chloride can be represented in the following forms: MS 5b Visualise and represent 2D and 3D forms including twodimensional representations of 3D objects. Students should be able to: • deduce that a compound is ionic from a diagram of its structure in one of the specified forms • describe the limitations of using dot and cross, ball and stick, two and three-dimensional diagrams to represent a giant ionic structure • work out the empirical formula of an ionic compound from a given model or diagram that shows the ions in the structure. Students should be familiar with the structure of sodium chloride but do not need to know the structures of other ionic compounds.
- When atoms share pairs of electrons, they form covalent bonds. These bonds between atoms are strong. Covalently bonded substances may consist of small molecules. Students should be able to recognise common substances that consist of small molecules from their chemical formula. Some covalently bonded substances have very large molecules, such as polymers. Some covalently bonded substances have giant covalent structures, such as diamond and silicon dioxide. The covalent bonds in molecules and giant structures can be represented in the following forms:
- Metals consist of giant structures of atoms arranged in a regular pattern. The electrons in the outer shell of metal atoms are delocalised and so are free to move through the whole structure. The sharing of delocalised electrons gives rise to strong metallic bonds. The bonding in metals may be represented in the following form:
- 5.2.2.3 Properties of ionic compounds Content Key opportunities for skills development Ionic compounds have regular structures (giant ionic lattices) in which there are strong electrostatic forces of attraction in all directions between oppositely charged ions. These compounds have high melting points and high boiling points because of the large amounts of energy needed to break the many strong bonds. When melted or dissolved in water, ionic compounds conduct electricity because the ions are free to move and so charge can flow. Knowledge of the structures of specific ionic compounds other than sodium chloride is not required. 5.2.2.4 Properties of small molecules Content Key opportunities for skills development Substances that consist of small molecules are usually gases or liquids that have relatively low melting points and boiling points. These substances have only weak forces between the molecules (intermolecular forces). It is these intermolecular forces that are overcome, not the covalent bonds, when the substance melts or boils. The intermolecular forces increase with the size of the molecules, so larger molecules have higher melting and boiling points. These substances do not conduct electricity because the molecules do not have an overall electric charge. Students should be able to use the idea that intermolecular forces are weak compared with covalent bonds to explain the bulk properties of molecular substances.
-

RAM AND MOLES 
- Chemical amounts are measured in moles. The symbol for the unit mole is mol. The mass of one mole of a substance in grams is numerically equal to its relative formula mass. One mole of a substance contains the same number of the stated particles, atoms, molecules or ions as one mole of any other substance. The number of atoms, molecules or ions in a mole of a given substance is the Avogadro constant. The value of the Avogadro constant is 6.02 x 1023 per mole. Students should understand that the measurement of amounts in moles can apply to atoms, molecules, ions, electrons, formulae and equations, for example that in one mole of carbon (C) the number of atoms is the same as the number of molecules in one mole of carbon dioxide (CO2).

REACTIVITY
Metals react with oxygen to produce metal oxides. The reactions are oxidation reactions because the metals gain oxygen. Students should be able to explain reduction and oxidation in terms of loss or gain of oxygen. 5.4.1.2 The reactivity series Content Key opportunities for skills development When metals react with other substances the metal atoms form positive ions. The reactivity of a metal is related to its tendency to form positive ions. Metals can be arranged in order of their reactivity in a reactivity series. The metals potassium, sodium, lithium, calcium, magnesium, zinc, iron and copper can be put in order of their reactivity from their reactions with water and dilute acids. The non-metals hydrogen and carbon are often included in the reactivity series. A more reactive metal can displace a less reactive metal from a compound. Students should be able to: • recall and describe the reactions, if any, of potassium, sodium, lithium, calcium, magnesium, zinc, iron and copper with water or dilute acids and where appropriate, to place these metals in order of reactivity • explain how the reactivity of metals with water or dilute acids is related to the tendency of the metal to form its positive ion • deduce an order of reactivity of metals based on experimental results. The reactions of metals with water and acids are limited to room temperature and do not include reactions with steam.
· REACTIONS WITH ACIDS
· NEUTRALISATION
· OXIDATION

Practical Skills Covered in KS4
- Students should have completed a range of practicals, such as: chemical reactions involving lots of compounds, acids, bunsen burners and more, that will be a great knowledge reference point.



	Rationale for students studying this unit/topic 

	Rationale for studying this topic
Students begin their journey in Year 12 with unit 1 because it is the perfect next step up in terms of knowledge from GCSE to Level 3. It provides students with a rigorous start using many familiar concepts and topics. For example, students are very familiar with atoms, bonding and chemical reactions, here they will learn about the detailed structure of atoms and bonding. It gives students a base to form their new knowledge. It is also one of the examined units and gives students two opportunities to complete this unit 1 exam.

These topics further develop upon the scientific content covered at KS4 and give the teacher opportunities to further develop the practical investigative skills the students gained at KS4.

Rationale for timing of this topic
Students cover these topics in year 10/11 as it forms the basis of their scientific understanding moving forward into year 12 and year 13. In addition, these topics embed and build upon the knowledge and skills covered in the KS4 curriculum.


	Key concepts/ideas that are taught to students in this unit/topic, including any anticipated gaps in knowledge and plan to overcome these

	TOPIC
- Structure and bonding in applications in science
-Understand the electronic structure of atoms: electronic orbitals Aufbau principle Bohr theory.
-Understand ionic bonding: strong electrostatic attraction between oppositely charged ions effects ionic radius and ionic charge have on the strength of ionic bonding formation of ions in terms of electron loss or gain electronic configuration diagrams of cations and anions.
-Understand covalent bonding: strong electrostatic attraction between two nuclei and the shared pair(s) of electrons between them dot and cross diagrams to show electrons in simple covalent molecules, including those with multiple bonds and dative covalent (coordinate) bonds the relationship between bond lengths and bond strengths in covalent bonds tetrahedral basis of organic chemistry.
-Understand metallic bonding: de-localised electrons positive metal ions regular layer structure.
-Understand the following intermolecular forces: van der Waals dipole-dipole hydrogen bonding.
-Understand the following: balanced equations relative atomic mass atomic number and relative molecular mass moles, molar masses and molarities.
-Understand the quantities used in chemical reactions: mass, volume of solution, concentration reacting quantities percentage yields.



Anticipated Gaps
- Students will have a fixed understanding of the arrangement based on simple shells, it can be hard to adjust this notion. Retrieval, models and review using exam questions and practice in class are the best way to help develop this new knowledge. The rest students should have  a good foundation from combined science, however diagrams and models can help students construct their new knowledge in connection with the older knowledge.


TOPIC
- Understand the periodic table: Periods 1, 2, 3 and 4 groups – s block, p block, d block layout of periodic table in relation to s, p, d notation electronic arrangement of elements using s, p, d notation.
-Understand the physical properties of elements: first ionisation energy reasons for trends in ionisation energy across Periods 2–4 and down groups 1, 2 and 7  electron affinity atomic radius ionic radius electronegativity type of bonding in the element trends – melting point and boiling point physical properties of metals – electrical conductivity, thermal conductivity, malleability, ductility.
-Understand the chemical properties of elements: products and reactivity of all Period 2 and 3 elements with oxygen products and reactivity of metals with oxygen, water, dilute hydrochloric acid and dilute sulfuric acid position of metals in the reactivity series in relation to position in the periodic table oxidation reduction variable oxidation states of transition metal ions displacement reactions of metals/halogens  uses and applications of substances produced within this learning aim.


Anticipated Gaps
- similar to above (students will have some foundation knowledge to start with).



	New key terminology students will be taught during this topic/unit

	Atomic (Proton) Number:  the number of protons in the nucleus of an atom. 
Bohr Model:  describes an atom as a small dense nucleus with electrons orbiting around the nucleus. This model explains different periodic properties of atoms. 
Cations:  positively charged ions. d-block:  the part of the periodic table in which the elements have their highest energy electron in a d-orbital. 
Electron Configuration:  the arrangement of electrons into orbitals and energy levels around the nucleus of an atom / ion. 
First Ionisation Energy:  the removal of one mole of electrons from one mole of gaseous atoms. Factors which affect the first ionisation energy are: the strength of attraction between the electron and the nucleus, the nuclear charge and the atomic radius. There is a small decrease in first ionisation energy due to s- and p-subshell energies (between Be and B) and p-orbital repulsion (between N and O). 
Giant Covalent Lattice:  a network of atoms bonded by strong covalent bonds (e.g. carbon (diamond, graphite and graphene) and silicon). Giant covalent lattices typically insoluble with a high melting and boiling point due to the presence of strong covalent bonds. They are also poor electrical conductors as they don’t contain mobile charged particles. 
Giant Metallic Lattice Structure:  the structure of all metals, made up of cations and delocalised electrons. Giant metallic structures are typically insoluble with a high melting and boiling points due to strong electrostatic forces of attraction between cations and electrons. Metals are good electrical conductors due to the presence of delocalised electrons (mobile charges). 
Group:  a column in the periodic table. Melting Point:  the temperature at which a solid melts and becomes a liquid. This increases from giant metallic to giant covalent structures then decreases to simple molecular structures. Metallic Bonding:  strong electrostatic attraction between cations and delocalised electrons. p-block:  the part of the periodic table in which the elements have their highest energy electron in a p-orbital.
Period:  a row in the periodic table. Periodicity:  a repeating trend in physical and chemical properties across the periods of the periodic table. 
s-block:  the part of the periodic table in which the elements have their highest energy electron in an s-orbital. Successive Ionisation Energies:  the energy required to remove each electron one-by-one from one mole of gaseous atoms / ions.
Atomic Number:  the number of protons in the nucleus of an atom. Bohr Model:  describes an atom as a small dense nucleus with electrons orbiting around the nucleus. This model explains different periodic properties of atoms. 
Electron:  a negatively charged subatomic particle which orbits the nucleus at various energy levels. The relative mass of an electron is 1/1836. Ion:  a charged atom or molecule. Isotopes:  atoms of the same element with the same number of protons and electrons but different numbers of neutrons. Isotopes of an element have different masses. 
Mass Number:  the total number of protons and neutrons in the nucleus of an atom. Mass Spectrometry:  an instrument which gives accurate information about relative isotopic mass and the relative abundance of isotopes. 
Neutron:  a neutral subatomic particle found in the nucleus of an atom. The relative mass of a neutron is 1. 
Proton:  a positively charged subatomic particle found in the nucleus of an atom. The relative mass of a proton is 1. Relative Abundance:  the amount of one substance compared with another. 
Relative Atomic Mass:  the weighted mean mass of an atom compared with 1/12th mass of an atom of carbon-12. Relative Isotopic Mass:  the mass of an atom of an isotope compared with 1/12th mass of an atom of carbon-12. Relative Formula Mass:  the mass of the formula unit of a compound with a giant structure. For example, NaCl has a relative formula mass of 58.44 g mol -1 . 
Relative Molecular Mass (M r ):  the mass of a simple molecule.
Ammonium ion:  an ion with the formula NH 4 + . 
Carbonate:  an ion with the formula CO 3 2- . 
Hydroxide:  an ion with the formula OH - . 
Ionic Compound:  a compound which is made up of oppositely charged ions that are held together by electrostatic forces. 
Nitrate:  an ion with the formula NO 3 - . Silver ion:  has the formula Ag + . State symbols:  symbols within a chemical equation which indicate the state of each compound under the reaction conditions. (g) gaseous, (l) liquid, (s) solid and (aq) aqueous. 
Sulfate:  an ion with the formula SO 4 2- 
Zinc ion:  has the formula Zn 2+ .
Number:  the number of protons in the nucleus of an atom. 
Ion:  a charged atom or molecule. Isotopes:  atoms of the same element with the same number of protons and electrons but different numbers of neutrons. Isotopes of an element have different masses. 
Mass Number:  the total number of protons and neutrons in the nucleus of an atom. 
Proton:  a positively charged subatomic particle found in the nucleus of an atom. The relative mass of a proton is 1. Relative Abundance:  the amount of one substance compared with another. Relative Atomic Mass:  the weighted mean mass of an atom compared with 1/12th mass of an atom of carbon-12. 
Relative Isotopic Mass:  the mass of an atom of an isotope compared with 1/12th mass of an atom of carbon-12. 
Relative Formula Mass:  the mass of the formula unit of a compound with a giant structure. For example, NaCl has a relative formula mass of 58.44 g mol -1 . Relative Molecular Mass (M r ):  the mass of a simple molecule. 
Ammonium ion:  an ion with the formula NH 4 + . 
Carbonate:  an ion with the formula CO 3 2- . 
Hydroxide:  an ion with the formula OH - . 
Ionic Compound:  a compound which is made up of oppositely charged ions that are held together by electrostatic forces. 
Nitrate:  an ion with the formula NO 3 - . 
Silver ion:  has the formula Ag + . 
State symbols:  symbols within a chemical equation which indicate the state of each compound under the reaction conditions. (g) gaseous, (l) liquid, (s) solid and (aq) aqueous. 
Sulfate:  an ion with the formula SO 4 2- Zinc ion:  has the formula Zn 2+ .2.1.3 - Amount of SubstanceAmount of substance:  the quantity that has moles as its units, used as a way of counting atoms. The amount of substance can be calculated using mass (n = m/M), gas volumes (n = pV/(RT)) or solution volume and concentration (n = CV). Avogadro Constant (N A ):  the number of particles per mole of substance (6.02 x 10 23  mol -1 ). 
Composition by mass:  the relative mass of each element in a compound. Empirical Formula:  the simplest whole number ratio of atoms of each element present in a compound. Hydrated:  a crystalline compound that contains water.
Mole (mol):  the amount of any substance containing as many particles as there are carbon atoms in exactly 12g of carbon-12 isotope. 
Molecular Formula:  the number and type of atoms of each element in a molecule. Percentage Yield:  the percentage ratio of the actual yield of product from a reaction compared with the theoretical yield.
Relative Molecular Mass:  the average mass  of one molecule of an element or compound compared to 1/12th the mass of an atom of carbon-12. 
Atomic Orbital:  a region of space around the nucleus that can hold up to 2 electrons with opposite spins. There is 1 orbital in the s subshell, 3 orbitals in the p subshell and 5 orbitals in the d subshell. Orbitals are filled in order of increasing energy, with orbitals of the same energy occupied singly before pairing. Electronic Configuration:  the arrangement of electrons into orbitals and energy levels around the nucleus of an atom / ion. 
Energy Level:  the shell that an electron is in. Shell:  the orbit that an orbital is in around the nucleus of an atom. The shell closest to the nucleus is the first shell. The outermost shell that is occupied by electrons is the valence shell. Sub-shell:  a subdivision of the electronic shells into different orbitals. The types of subshell are s, p, d and f.2.2.2
Covalent bond:  a strong bond formed between 2 atoms due to the electrostatic attraction between a shared pair of electrons and the atomic nuclei. Dative Covalent (Coordinate) bond:  a type of covalent bond in which both of the electrons in the shared pair come from one atom. Electronegativity:  the ability of an atom to attract bonding electrons in a covalent bond. This is often quantified using Pauling’s electronegativity values. Electronegativity increases towards F in the periodic table. 
Electron Pair Repulsion Theory:  pairs of electrons around a nucleus repel each other so the shape that a molecule adopts has these pairs of electrons positioned as far apart as possible. Lone pairs offer more repulsion than bonding pairs as they are closer to the nucleus of the central atom. Hydrogen Bonding:  a type of intermolecular bonding that occurs between molecules containing N, O or F and a H atom of -NH, -OH or HF. A lone pair on the electronegative atom (N, O or F) allows the formation of a hydrogen bond. 
Intermolecular Forces:  interactions between different molecules. Types of intermolecular forces including permanent dipole-dipole interactions and induced dipole-dipole interactions (both of these are also known as van der Waals’ forces) as well as hydrogen bonding. 
Ionic Bond:  electrostatic attraction between positive and negative ions. 
Ionic Compounds:  compounds made up of oppositely charged ions. These compounds generally have high melting and boiling points. Typically, ionic compounds are soluble and can conduct electricity when liquid or aqueous (but not when solid). 
Ionic Lattice:  a giant structure in which oppositely charged ions are strongly attracted in all directions. 


	Plan for Assessment 

	All A level assessments are constructed using real exam styles questions, from the latest specification. Papers include a variety of assessment objectives and styles of questions. Initially assessments will cover fewer types of questions due to the smaller amount content covered. However, in Year 13 and in mock exams all assessment objectives and question styles are covered. Students will sit end of topic assessments in class; however mocks will be based on the realistic times and demands of the exams. Students will also be assessed on homework, class work and independent work as well.

This will prepare them for this externally assessed unit.






