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UNIT 3: CORE PRACTICALS COMPLETE GUIDE

Syllabus Methodologies & Targeted Exam Expectations for International Advanced Level (IAL)

CP 01: Semiquantitative Determination of Reducing Sugars via Benedict's Test

Biological Principle: Reducing sugars have a free aldehyde or ketone group that acts as an electron donor. When

heated with blue alkaline copper(ll) sulfate (Benedict's reagent), cu?* ions are reduced to insoluble brick-red copper(l)
oxide precipitate (Cu,0).

Methodology Workflow:

* Produce a series of known glucose standards (e.g., 0.2%, 0.4%, 0.6%, 0.8%, 1.0%) via serial or proportional
dilution from a stock solution.

» Add an equal, fixed volume of Benedict's reagent to each sample and heat simultaneously in a water bath at 85°C for
exactly 5 minutes.

« Centrifuge the resulting mixtures. Pipette the remaining blue supernatant into a cuvette and measure light
transmittance or absorbance in a colorimeter with a red filter (620—680 nm). High reducing sugar levels leave less
unreacted copper ions, resulting in a paler blue supernatant and higher light transmittance.

* Plot a calibration curve (sugar concentration against transmittance) to interpolate the unknown sample's concentration.

WHAT TO EXPECT IN THE EXAM
« Dilution Calculations: Questions frequently ask candidates to describe how to prepare a specific concentration

from a stock solution using the formula C,V;=GC,V,.

» Colorimetry Justification: You must explain why a colorimeter improves an experiment: it eliminates human
subjectivity in colour matching and provides **quantitative data** rather than qualitative observations.

« Blank Calibration: Remember to specify that a cuvette of distilled water must be used to calibrate the
colorimeter to 100% transmittance (or 0 absorbance) before reading experimental samples.

CP 02: Quantitative Determination of Vitamin C Content in Food & Drink

Biological Principle: Vitamin C (ascorbic acid) acts as a reducing agent that reduces the blue redox dye DCPIP (2,6-
dichlorophenolindophenol). Upon reduction, DCPIP undergoes a distinct color change from blue to completely
colourless.

Methodology Workflow:

* Pipette a fixed volume (e.g., 1.0 cm3) of a standard 1.0% ascorbic acid solution into a conical flask.

« Fill a micro-buret or standard syringe with blue DCPIP. Titrate dropwise, swirling continuously, until the blue dye
becomes **permanently decolourised (or turns a persistent faint pink due to fruit acidity)**. Record the exact volume of
DCPIP used.

* Repeat the titration with fresh fruit juice extracts. Calculate the unknown concentration based on the ratio of standard-
to-sample titration volumes.
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WHAT TO EXPECT IN THE EXAM

» Endpoint Precision: Marks are awarded for specifying that the sample extract must be added dropwise near the
endpoint, with continuous swirling, to avoid overshooting the true volume.

» Experimental Control: You may be asked how to control external factors. Ascorbic acid oxidizes rapidly when
exposed to air; candidates must specify that juices must be extracted **fresh immediately before testing** and
stored away from light and heat.

» Pigment Interference: If asked how to test highly coloured juices (like beetroot or blackcurrant juice), suggest
diluting the extract significantly or using a colorimeter to identify the reduction endpoint.

CP 03: Investigating Factors Affecting Membrane Permeability

Biological Principle: Beetroot vacuoles contain the water-soluble pigment betalain. The integrity of the tonoplast and
plasma membranes relies on a stable phospholipid bilayer and functional transport proteins. Damage to these

components allows betalain to leak out via diffusion.

Methodology Workflow:
 Use a cork borer and razor blade to prepare identical cylinders of beetroot. Wash the discs thoroughly in running
distilled water for several minutes to remove any surface betalain released from cells cut during preparation.
* Place identical samples into tubes containing water at different temperatures (e.g., 20°C to 70°C) or varied organic
solvent concentrations (e.g., 0% to 50% ethanol).
« After a set incubation time, remove the tissue, shake the tubes to distribute the pigment evenly, and read the
supernatant absorbance in a colorimeter using a green filter (520-540 nm).

WHAT TO EXPECT IN THE EXAM
» Washing Step Justification: A classic question asks why beetroot discs are rinsed before incubation. You must
explicitly state: **to remove surface pigment from cells ruptured during cutting, ensuring all measured leakage is
due exclusively to the independent variable™*.
 Graph Explanations (Membrane Dynamics): Expect questions requiring you to explain why membrane

permeability changes:
o High Temperatures: Increased kinetic energy disrupts the membrane core. Past 40°C, structural membrane

proteins denature and lipid bilayers melt, causing a sharp increase in leakage.

o Solvents (Ethanol): Ethanol dissolves the hydrophobic fatty acid tails of phospholipids, tearing gaps in the
membrane matrix.

CP 04: Investigating Factors Affecting the Rate of Enzyme-Controlled Reactions

Biological Principle: Enzymes are globular proteins acting as biological catalysts. Their reaction rates depend on
successful collision frequencies between substrate molecules and functional active sites.

Methodology Workflow:
* Gas Evolution Model: Mix hydrogen peroxide (HZOZ) with catalase extract (from liver or potato). Measure the volume
of oxygen gas produced at regular intervals (e.g., every 15 seconds) using a delivery tube and a gas syringe.

* Suspension Clearing Model: Add protease (trypsin) to a cloudy milk protein (casein) suspension. Record the time
taken for the mixture to turn fully transparent, or track the decrease in absorbance over time using a colorimeter.
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WHAT TO EXPECT IN THE EXAM
- Initial Rate Calculations: Examiners routinely present data curves and require you to calculate the **initial rate

of reaction**. You must draw a straight tangent line at time = 0 and calculate its gradient (Ay / Ax). Explain that
this is necessary because rates slow down later as substrates are depleted.

» Temperature Coefficient Calculation: Be prepared to substitute experimental values into the equation:

Q;p = Rate at (x + 10)°C + Rate at x°C

A Q,, value of approximately 2 is expected between 0°C and 40°C.

CP 05: Practical Use of a Light Microscope and Stage Micrometer

Biological Principle: An **eyepiece graticule*™ contains an arbitrary scale with divisions that do not change physical size
when magnification is adjusted. Therefore, it must be calibrated against a **stage micrometer** (a slide with a known
physical scale, typically 10 pm per division) for each objective lens used.

Methodology Workflow:
* Insert the eyepiece graticule into the microscope eyepiece and focus on the stage micrometer slide.
« Align the two scales parallel to one another. Count the number of eyepiece graticule units (EGU) that exactly align with
a known number of stage micrometer divisions.

« Calculate the actual micro-scale value of 1 EGU:
1 EGU (um) = (Stage Divisions x 10 um) + Aligning Eyepiece Units
* Replace the micrometer slide with the real specimen, count the graticule units across the cell structure, and multiply by
your calculated calibration factor.

WHAT TO EXPECT IN THE EXAM
- Calibration Mathematics: Expect a question presenting two overlapping scales, requiring you to determine the
size of 1 EGU and use it to calculate the true size of a cell or organelle.
* Magnification Formula: Remember the basic formula: Magnification = Image Size + Actual Size. Always ensure
your measurements are converted to the same units (typically micrometers, where 1 mm = 1000 pm) before
dividing.

CP 06: Preparation of a Root Tip Squash to Observe Stages of Mitosis

Biological Principle: Rapid cell division occurs in the specialized growing regions of plants, known as **apical
meristems**. Chromosomes must be stained during condensed phases to make individual mitotic stages distinct under a

microscope.

Methodology Workflow:
« Cut the terminal 2-5 mm of an actively growing root tip from an onion or garlic bulb.
* Place the root tip into **1 mol dm3 Hydrochloric Acid (HCI) at 60°C for 5—10 minutes**. The acid breaks down the
middle lamella by dissolving pectin, softening the tissue so it can be flattened into a single layer.

* Rinse thoroughly in water, place on a slide, and add an acetic stain (**acetic orcein or toluidine blue*) to bind to the
DNA sugar-phosphate backbone and turn the chromosomes dark.
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* Place a coverslip over the tissue, cover it with a paper towel, and **press down vertically and firmly with your thumb™**.
Do not smear sideways, as this tears and damages the chromosome structures.

WHAT TO EXPECT IN THE EXAM

« Acid Fixation Role: You must state that heating in HCI **macerates and softens the tissue by breaking down the
middle lamella**, allowing cells to separate easily during the squash.

« Vertical Squash Justification: Questions often ask why smearing sideways is prohibited. Answer: **to prevent
lateral tearing of cells or overlapping of chromosomes, ensuring a layer exactly one cell thick is achieved for clear
light transmission™*.

* Mitotic Index Metrics: Be ready to calculate the index using: Mitotic Index = Cells with Visible Chromosomes +
Total Cells Counted.

CP 07: Microscopic Observation and Scientific Drawing of Plant Structures

Biological Principle: Plant organs show specific structural adaptations to optimize support and transport (xylem and
phloem) or minimize water loss (xerophytic adaptations).

Anatomical Identifiers:

« Dicotyledonous Stems: Vascular bundles are arranged in a ring near the outer edge. Inside each bundle, **xylem**
consists of large, thick-walled cells reinforced with lignin for water transport. **Phloem** tissue consists of smaller cells
located toward the outside for translocation. These layers are separated by the **cambium™*.

 Xerophytic Features: Structural adaptations designed to reduce the water potential gradient and limit transpiration
include **rolled leaf layers**, **thick waxy cuticles**, **sunken stomata**, and interior epidermal **trichomes/hairs**
that trap humid air.

WHAT TO EXPECT IN THE EXAM

« Strict Scientific Drawing Rules: Marks are systematically deducted if you violate conventions. You must: Use a
sharp pencil for continuous, single lines; **never use shading or sketching**; draw large plan diagrams filling at
least half the page; ensure label lines are straight, drawn with a ruler, and **do not cross or use arrowheads™*.

* Tissue Function Mapping: You may be asked to identify a tissue from a micrograph image and match its
structural features to its function (e.g., lignin rings in xylem vessels provide mechanical support under tension).

CP 08: Comparative Evaluation of the Tensile Strength of Extracted Plant Fibres

Biological Principle: Sclerenchyma fibres and xylem vessels provide structural support due to tough **cellulose
microfibrils** embedded in a matrix of **lignin**. Lignin provides high compressive strength and prevents the fibres from
buckling under tension.

Methodology Workflow:

« Extract long, clean fibre strands from plant stems (e.g., celery or nettle) using **retting** (soaking stems in water for
several days to allow microbes to decompose surrounding soft tissues, leaving the tough sclerenchyma fibers intact).

» Measure and record the uniform diameter of each fiber strand using a **digital micrometer screw gauge** at multiple
points along its length to calculate an average cross-sectional area (m‘z).

« Clamp the fibre strand between two stands. Add weights systematically (e.g., 10g increments) to a mass carrier until
the fibre snaps. Record the total breaking mass.
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* Convert mass to force (Force = Mass in kg x 9.81 N kg'1) and calculate tensile strength (Stress = Force + Area).

WHAT TO EXPECT IN THE EXAM

- Diameter Variability Control: Examiners look for safety and reliability measures: you must specify that fiber
diameter is checked using a micrometer at **multiple different orientations and positions along the strand to
calculate a true mean cross-sectional area*™, accounting for natural thickness variations.

 Load Precautions: Describe adding masses gently rather than dropping them, to avoid introducing unwanted
dynamic forces that could cause the fibre to snap prematurely.

CP 09: Investigating the Antimicrobial Properties of Plants

Biological Principle: Plants synthesise secondary metabolites (such as phenols, alkaloids, and terpenes) as chemical
defenses against pathogen attack. These active compounds inhibit bacterial replication or disrupt bacterial cell walls.

Methodology Workflow:

« Crush equal masses of different plant tissues (e.g., garlic and mint) in a fixed volume of ethanol to extract the active
antimicrobial compounds.

* Inoculate an agar plate uniformly with a bacterial culture using a sterile spreader to create a lawn.

* Soak sterile paper filter discs in each extract. Prepare a **negative control disc soaked in pure ethanol alone** to
demonstrate that the solvent does not inhibit bacterial growth.

* Place the discs evenly onto the agar plate using sterile forceps. Invert the plate and incubate **below 25°C (typically
20°C-22°C) for 24-48 hours**. Measure the area of the clear **zones of inhibition** surrounding each disc (Area =

m‘z).

WHAT TO EXPECT IN THE EXAM

» Critical Incubating Temperature Rule: A standard question asks why agar plates are incubated below 25°C
rather than at 37°C. Answer: **Incubating at 37°C matches human body temperature, which could selectively
cultivate and encourage the growth of dangerous, human-pathogenic bacteria**.

« Aseptic Protocols Checklist: Be prepared to outline aseptic steps: working near an open Bunsen flame to use
upward **convection currents** that keep dust away; flaming bottle necks; opening agar lids only slightly; and
**never sealing a Petri dish completely airtight with tape**, as anaerobic conditions promote the growth of
dangerous anaerobic pathogens.
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