
Overview topics in basic biology 

 
Cell Biology 
The origin of life, an overview of the cell and its organelles, DNA, chromosomes, 
replication, transcription, translation, protein sorting, chloroplasts, photosynthesis, 
plastids, mitochondria, respiration, membranes, endocytosis, exocytosis, the 
cytoskeleton, Golgi apparatus, vacuoles, and lysosomes. 
 
Example exam question: Which of the following correctly describes the function of 
the Golgi apparatus? 

• a) It is the site of oxidative phosphorylation and ATP synthesis 
• b) It processes and sorts proteins for secretion or delivery to other organelles 
• c) It carries out DNA replication prior to cell division 
• d) It is responsible for breaking down waste material via hydrolytic enzymes 

 
Recommended literature: 

• Alberts et al. — Molecular Biology of the Cell (Norton)  
• Lodish et al. — Molecular Cell Biology (Macmillan 
• Cooper & Hausman — The Cell: A Molecular Approach (Oxford University 

Press) 

 
Botany 
A brief overview of the origin of life, the role of plants in ecosystems, examples of 
organism groups in the plant kingdom, plant tissues, anatomy and morphology of the 
vegetative body of higher plants (shoot, leaf, root, metamorphoses, secondary 
growth), reproduction, photosynthesis, water balance, and transport processes. 
 
Example exam question: What is the primary function of the endodermis in a plant 
root? 

• a) To absorb sunlight for photosynthesis 
• b) To regulate which ions pass from the cortex into the vascular tissue via the 

Casparian strip 
• c) To anchor the root to the soil by producing root hairs 
• d) To store starch reserves for the plant during winter 

 
Recommended literature: 

• Taiz, Zeiger, Møller & Murphy — Plant Physiology and Development 
(Oxford University Press) 

• Raven, Evert & Eichhorn — Biology of Plants (Macmillan) 
• Buchanan, Gruissem & Jones — Biochemistry and Molecular Biology of 

Plants (Wiley-Blackwell) 

 
Genetics 
The chromosomal basis of inheritance, analysis of inheritance patterns, population 
genetics and quantitative genetics, an introduction to genomics, and genetics and 
evolution. The module also connects genetics to cell biology, covering topics such as 
transposable elements and regulation of gene expression. 
 
Example exam question: In a dihybrid cross between two plants heterozygous for 
seed color (Yy) and seed shape (Rr), what is the expected ratio of phenotypes in the 
offspring? 



• a) 1:1:1:1 
• b) 3:1 
• c) 9:3:3:1 
• d) 1:2:1 

 
Recommended literature: 

• Griffiths et al. — Introduction to Genetic Analysis (Macmillan) 
• Lewin — Genes (Jones & Bartlett) 
• Strachan & Read — Human Molecular Genetics (CRC Press) 

 
Microbiology 
The diversity and special properties of bacteria and archaea compared to 
eukaryotes, with emphasis on cytology, growth, nutrition, and metabolic physiology. 
The diversity of microorganisms, their central role in global nutrient cycles, their 
interactions with other living organisms (symbioses, pathogenicity), and their 
applications in biotechnology are also covered. 
 
Example exam question: Which statement correctly distinguishes prokaryotic from 
eukaryotic cells? 

• a) Prokaryotes have membrane-bound nuclei, while eukaryotes do not 
• b) Prokaryotes lack membrane-bound organelles and have a single circular 

chromosome, while eukaryotes have membrane-bound organelles and linear 
chromosomes 

• c) Prokaryotes carry out photosynthesis only in chloroplasts 
• d) Prokaryotes reproduce exclusively by meiosis 

 
Recommended literature: 

• Madigan, Bender, Buckley, Sattley & Stahl — Brock Biology of 
Microorganisms (Pearson) 

• Willey, Sherwood & Woolverton — Prescott's Microbiology (McGraw-Hill) 
• Tortora, Funke & Case — Microbiology: An Introduction (Pearson) 

 
General Biology Reference — for all topic blocks 
 
Campbell & Reece — Biology (Pearson)  



Overview topics in basic chemistry for engineers  

 
Atomic Structure & the Periodic Table 
Matter and energy, elementary particles, atomic models, and the periodic table of the 
elements. 
 
Example exam question: Which of the following correctly describes the 
arrangement of electrons in a ground-state carbon atom (Z = 6)? 

• a) 1s² 2s² 2p⁴ 
• b) 1s² 2s² 2p² with two unpaired electrons in separate 2p orbitals 
• c) 1s² 2s⁴ 
• d) 1s² 2p⁴ 

 
Recommended literature: 

• Atkins & Jones — Chemical Principles: The Quest for Insight (Macmillan)  
• Silberberg & Amateis — Chemistry: The Molecular Nature of Matter and 

Change (McGraw-Hill) 
• Zumdahl & DeCoste — Chemical Principles (Cengage) 

 
Chemical Bonding 
Ionization energy, electron affinity, ionic bonding, simple ionic crystal structures, 
covalent bonding, polar bonding, spatial structure and the VSEPR model, structure 
and bonding in metals, and hydrogen bonds and dipole interactions. 
 
Example exam question: Using the VSEPR model, what is the molecular geometry 
of water (H₂O)? 

• a) Linear, because oxygen forms two bonds 
• b) Trigonal planar, because oxygen has three electron pairs 
• c) Bent/angular, because oxygen has two bonding pairs and two lone pairs 
• d) Tetrahedral, because all four electron pairs are equivalent 

 
Recommended literature: 

• Atkins & Jones — Chemical Principles (Macmillan) 
• Housecroft & Sharpe — Inorganic Chemistry (Pearson) 
• Clayden, Greeves & Warren — Organic Chemistry (Oxford University 

Press) 

 
Chemical Reactions & Kinetics 
Reaction equations, reactions in water, reaction conditions, and the speed of 
reactions including concentration dependence, temperature dependence, time 
dependence, and catalysis. 
 
Example exam question: For a first-order reaction A → B, the rate constant is k = 
0.02 s⁻¹. How long does it take for the concentration of A to fall to 25% of its initial 
value? 

• a) 34.7 s 
• b) 50.0 s 
• c) 69.3 s 
• d) 100.0 s 

 
Recommended literature: 



• Atkins & de Paula — Physical Chemistry (Oxford University Press) 
• Laidler — Chemical Kinetics (Harper & Row) 
• Silberberg & Amateis — Chemistry (McGraw-Hill) 

 
Chemical Equilibrium, Acids & Bases 
Le Chatelier's principle (principle of least constraint), dissolution processes, and 
acids and bases including their properties and definitions, equilibrium constants, and 
pH calculations. 
 
Example exam question: A weak acid HA has a dissociation constant Kₐ = 1.8 × 
10⁻⁵. What is the pH of a 0.1 mol/L solution of HA? 

• a) pH = 1.0 
• b) pH = 2.0 
• c) pH = 2.9 
• d) pH = 5.0 

 
Recommended literature: 

• Zumdahl & DeCoste — Chemical Principles (Cengage) 
• Atkins & Jones — Chemical Principles (Macmillan) 
• Harris — Quantitative Chemical Analysis (Macmillan) 

 
Electrochemistry & Corrosion 
Electrode potentials, corrosion, chemical current sources (batteries), and electrolysis. 
The exam tests understanding of simple reaction types including electrochemistry 
and catalysis (kinetics), as well as the fundamentals of chemical thermodynamics 
and chemical analytics. 
 
Example exam question: A galvanic cell is made from a zinc electrode (E⁰ = −0.76 
V) and a copper electrode (E⁰ = +0.34 V). What is the standard cell voltage, and 
which metal acts as the anode? 

• a) 0.42 V; copper is the anode 
• b) 1.10 V; zinc is the anode 
• c) 1.10 V; copper is the anode 
• d) 0.42 V; zinc is the anode 

 
Recommended literature: 

• Hamann & Vielstich — Electrochemistry (Wiley-VCH) 
• Bard & Faulkner — Electrochemical Methods (Wiley) 
• Atkins & de Paula — Physical Chemistry (Oxford University Press) 

 
Chemistry of Non-Metals & Inorganic Chemistry 
Hydrogen, halogens, chalcogenides, oxygen, sulfur, nitrogen, phosphorus, carbon, 
and silicon — their properties, compounds, and important industrial processes. 
 
Example exam question: Which of the following correctly explains why sulfuric acid 
(H₂SO₄) is produced via the contact process rather than by direct reaction of SO₂ 
with water? 

• a) SO₂ does not react with water at all 
• b) The direct reaction is too slow; the contact process first oxidizes SO₂ to SO₃ 

using a vanadium catalyst, which then reacts with water much more efficiently 
via oleum 



• c) Water is too expensive to use in industrial processes 
• d) The contact process produces a purer form of SO₂ as a byproduct 

 
Recommended literature: 

• Housecroft & Sharpe — Inorganic Chemistry (Pearson) 
• Shriver & Atkins — Inorganic Chemistry (Oxford University Press) 
• Greenwood & Earnshaw — Chemistry of the Elements (Butterworth-

Heinemann) 

 
Organic Chemistry 
Functional groups, nomenclature, and key reaction types relevant to engineering 
applications such as polymer chemistry and fuels. 
 
Example exam question: Which of the following correctly classifies the reaction of 
ethene (CH₂=CH₂) with bromine (Br₂) to form 1,2-dibromoethane? 

• a) Substitution, because a hydrogen is replaced 
• b) Elimination, because a double bond is formed 
• c) Addition, because atoms are added across a double bond 
• d) Oxidation, because bromine accepts electrons 

 
Recommended literature: 

• Clayden, Greeves & Warren — Organic Chemistry (Oxford University 
Press) 

• McMurry — Organic Chemistry (Cengage) 
• Vollhardt & Schore — Organic Chemistry: Structure and Function 

(Macmillan) 

 
Chemical Thermodynamics 
Enthalpy, entropy, chemical equilibrium energetics, and the principle of least 
constraint (Le Chatelier), kinetic theory of gases, specific heat, 
translational/rotational/vibrational degrees of freedom, and the Boltzmann and 
Maxwell distributions. 
 
Example exam question: For the reaction N₂(g) + 3H₂(g) ⇌ 2NH₃(g), ΔH° = −92 
kJ/mol. What happens to the equilibrium position when the temperature is increased? 

• a) It shifts to the right, producing more NH₃, because higher temperature 
provides more activation energy 

• b) It shifts to the left, reducing NH₃ yield, because the reaction is exothermic 
and increasing temperature favors the endothermic reverse reaction 

• c) Temperature has no effect on equilibrium position, only on reaction rate 
• d) It shifts to the right because there are fewer moles of gas on the product 

side 
 
Recommended literature: 

• Atkins & de Paula — Physical Chemistry (Oxford University Press) 
• Engel & Reid — Physical Chemistry (Pearson) 
• Schroeder — An Introduction to Thermal Physics (Oxford University 

Press) 
 




