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The AQA A-Level Chemistry Paper 2 (7405/2) represents a significant milestone in the academic journey of
science students. Focusing predominantly on Organic Chemistry and relevant areas of Physical Chemistry, this
paper requires not only a rote memorization of reaction pathways but a profound understanding of molecular
architecture, electronic effects, and kinetic theory. As the second of three papers in the AQA 7405 specification, it
carries a weight of 35% of the total A-level grade, making mastery of its contents essential for students aiming for
an A*,

The Theoretical Framework: Understanding the 7405/2 Specification

The AQA 7405/2 examination evaluates students on their ability to apply chemical principles to complex, unfamiliar
scenarios. The scope of the paper encompasses topics 3.1 (Physical Chemistry) and 3.3 (Organic Chemistry),
along with relevant practical skills (Section 3.4). To navigate this successfully, one must understand the hierarchy
of concepts that the exam board prioritizes.

Physical Chemistry in Paper 2

While Paper 1 focuses heavily on inorganic systems and thermodynamics, Paper 2 integrates specific physical
chemistry modules that dictate the behavior of organic molecules. Key among these are:

« Kinetics: The study of reaction rates, rate equations, and the determination of rate constants. This includes
the application of the Arrhenius Equation to determine activation energy (Ea).

¢ Amount of Substance: Stoichiometric calculations that underpin yield analysis in organic synthesis.

e Equilibria: Specifically, how Le Chatelier’s principle applies to industrial organic processes, such as the
production of ethanol or esters.

Organic Chemistry: The Core Pillar

Organic chemistry within this paper is categorized into functional group chemistry and analytical techniques.
Students must demonstrate proficiency in:

e Nomenclature and Isomerism: Including structural, E-Z, and optical isomerism (chirality).

* Reaction Mechanisms: The step-by-step sequence of elementary reactions by which overall chemical change
occurs.

¢ Organic Synthesis: The design of multi-step pathways to convert simple precursors into complex target
molecules.

Technical Analysis: Core Mechanics of Reaction Mechanisms

A central requirement of AQA Paper 2 is the mastery of curly arrow mechanisms. These represent the movement
of electron pairs and are the "language" of organic chemistry. Evaluation of past mark schemes (2017-2021)
reveals that examiners look for precise placement of these arrows to award marks.

Nucleophilic Substitution vs. Elimination



One of the most frequently tested areas involves the reactions of halogenoalkanes. The competition between
Nucleophilic Substitution and Eliminationis governed by the conditions of the reaction and the structure of the
substrate.



Factor Nucleophilic Substitution (Sn1/Sn2) Elimination (E1/E2)

Reagent Aqueous OH-, KCN, NH3 Ethanolic OH- (Alcoholic)

Temperature Warm / Room Temperature High Temperature (Heat under reflux)

Substrate Structure Primary halogenoalkanes favored Tertiary halogenoalkanes favored

Role of OH- Qcts a;s a Nucleophile (Electron pair Acts as a Base (Proton acceptor)
onor

In Nucleophilic Substitution, the lone pair on the nucleophile is attracted to the electron-deficient carbon atom
(C;BZa In contrast, iBlimination, the hydroxide ion attacks a hydrogen atom on a carbon adjacent to the C-Halogen
bond, leading to the formation of a C=C double bond and the expulsion of the halide ion.

Electrophilic Addition and Markovnikov’s Rule

When dealing with unsymmetrical alkenes, such as propene, the addition of hydrogen halides (HX) can result in
multiple products. The technical mechanic driving this is the stability of the intermediate carbocation. A

secondary carbocation is more stable than a primary one due to the inductive effectof alkyl groups, which push
electron density toward the positive charge, thereby stabilizing the intermediate. This results in the formation of the
"major product" in accordance with Markovnikov's Rule.

The Mathematical Architecture of Kinetics

Paper 2 often includes rigorous quantitative analysis of reaction rates. The Rate Equation is expressed as:
Rate = k [A]*m [B]*n

Where k is the rate constant, and m and nare the orders of reaction with respect to reactants A and B. Determining
these orders requires an analysis of initial rates data from experiments.

The Arrhenius Equation: Logarithmic Analysis

A recurring high-mark question involves the Arrhenius Equation: k = Ae(-Ea/RT). To find the activation energy
(Ea) from experimental data, the equation is rearranged into the linear form:

In k = (-Ea/R)(L/T) + In A

When plotting In k against 1/T (where T is in Kelvin), the gradient of the resulting straight line is equal to -Ea/R.
Here, R is the gas constant (8.31 J K*-1 mol*-1). Technical precision in converting units (e.g., kJ to J) is a common
failure mode identified in the 2021 mark schemes.

Analytical Techniques: The Diagnostic Suite

Modern chemistry relies on instrumental analysis to confirm the structure of organic compounds. Paper 2 assesses
three primary techniques: Infrared (IR) Spectroscopy, Mass Spectrometry, and Nuclear Magnetic Resonance
(NMR) Spectroscopy.

Proton (1H) and Carbon-13 (13C) NMR

NMR is often considered the most challenging aspect of the 7405/2 specification. It requires students to interpret
chemical shifts, integration traces, and splitting patterns (multiplicity).



e Chemical Shift (;B* Indicates the environment of the atom. Carbonyl carbons (C=0) typically appear at high
shifts (160—220 ppm in 13C NMR).

« Integration: In 1H NMR, the area under the peak corresponds to the relative number of hydrogen atoms in
that environment.

« Splitting (n+1 Rule): Describes the number of neighboring non-equivalent protons. A singlet has zero
neighbors, a doublet has one, and a triplet has two.



Environment Type 1H Chemical Shift (ppm) 13C Chemical Shift (ppm)

Alkanes (C-H / C-C) 0.5-2.0 5-40
Alcohol/Ether (C-O) 3.3-45 50-90

Aromatic (Ar-H / Ar-C) 7.0-8.0 110 - 160
Aldehyde/Ketone (C=0) 9.0 - 10.0 (for 1H-CHO) 190 - 220

Case Study: Analysis of the 2021 Mark Scheme Trends

Reviewing the June 2021 Mark Scheme (7405/2), it is evident that the examiners are placing increasing emphasis
on "extended response" questions. These are 6-mark questions where the quality of scientific communication is
assessed alongside technical accuracy.

The "Distinguishing Between Compounds” Challenge

A common question type asks students to provide chemical tests to distinguish between two or three organic
compounds. For instance, distinguishing between an aldehyde, a ketone, and a carboxylic acid.

1. Test 1: Tollens' Reagent. Aldehydes produce a silver mirror; ketones show no reaction.

2. Test 2: Sodium Hydrogencarbonate (NaHCO3). Carboxylic acids produce effervescence (CO2 gas);
aldehydes and ketones show no reaction.

3. Test 3: Acidified Potassium Dichromate (VI). Primary and secondary alcohols turn from orange to green;
tertiary alcohols and ketones remain orange.

Failure to specify the starting color and the final colorof the reagent often results in the loss of marks, as noted
in the 2020 standardisation events.

Practical Implementation: A Technical Revision Strategy

Achieving an A* in A-level Chemistry requires a shift from passive reading to active technical application. The
following procedural framework is recommended for students preparing for the Paper 2 exam.

Step 1. Mechanism Memorization and Logic

Do not simply memorize the look of a mechanism. Instead, identify the nucleophile and the electrophilic center.
Practice drawing the mechanisms for:

* Nucleophilic Addition (Carbonyls with KCN/NaBH4).

¢ Nucleophilic Addition-Elimination (Acyl chlorides with water/ammonia/alcohols).

« Electrophilic Substitution (Nitration and Friedel-Crafts Acylation of Benzene).
Step 2: Synthetic Route Mapping

Create a "spider diagram" of all functional groups in the specification (Alkanes, Alkenes, Halogenoalkanes,
Alcohols, Aldehydes, Ketones, Carboxylic Acids, Esters, Amines, Amides, Nitriles). For each arrow connecting
them, list the reagents, conditions, and mechanism name.

Step 3: Mastering Data Interpretation

Devote specific sessions to combined spectral analysis. Given an IR spectrum, a Mass Spec fragment, and an



NMR plot, you should be able to deduce the structure of an unknown molecule. This represents the "Level 3"
difficulty in the AQA assessment grid.

Troubleshooting Common Failure Modes

Even high-performing students often lose marks on Paper 2 due to specific technical oversights. Addressing these
early in the revision cycle is crucial.

Mathematical Precision

In kinetics and stoichiometry, failing to use the correct number of significant figuresis a frequent error. AQA
typically requires answers to be given to the same number of significant figures as the least precise data point
provided in the question. Additionally, forgetting to convert Celsius to Kelvin (K = °C + 273.15) in gas law or
Arrhenius calculations leads to systemic errors.

The "Missing" Hydrogen

In skeletal formulas, it is easy to overlook the number of hydrogen atoms attached to a carbon. This is particularly
problematic when calculating the molecular ion (M+) in mass spectrometry or determining the integration value in
NMR. Always count the four bonds around every carbon atom to ensure the hydrogen count is accurate.

Ambiguous Curly Arrows

The Lead Assessment Writer reports from 2017 to 2021 consistently highlight that arrows must start exactly from
a lone pair or from a bond. If an arrow starts from a general "area" or an atom's symbol rather than the electron
source, the mark is withheld. Technical precision in drawing is as important as conceptual understanding.

The Path to the A*: Strategic Insights

As noted in various educational analyses of the hardest A-level subjects in 2024, Chemistry remains at the top due
to its dual requirement of mathematical rigour and conceptual abstraction. Paper 2 is the "organic engine" of the
qualification.

To excel, students must integrate their knowledge of structure and bonding (from Paper 1) with the reactivity
patternsof Paper 2. For example, understanding the delocalized pi-system of benzene explains why it undergoes
electrophilic substitution rather than addition—preserving the stability of the aromatic ring is the thermodynamic
"goal" of the molecule.

Furthermore, the Year 13 intensive refresher coursesoften highlight the transition from Year 12 (basic alkanes/
alkenes) to Year 13 (aromatics/amines/polymers). The jump in complexity involves the synthesis of multiple
concepts; for instance, understanding how the basicity of amines is affected by the inductive effect of alkyl groups
versus the delocalization of the lone pair into a benzene ring (phenylamine).

Success in AQA A-Level Chemistry Paper 2 is not merely a result of hard work, but of deliberate practicefocused
on the technical nuances of the mark scheme. By treating the exam as a technical challenge—akin to engineering
a molecule or debugging a code—students can approach the 7405/2 paper with the clarity and confidence required
for elite performance. The synthesis of physical principles with organic complexity is the hallmark of a true chemist,
and Paper 2 is the ultimate venue to demonstrate that mastery.
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