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To every new chemist walking into the lab for 

the first time. 

Your journey begins here. 
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Chapter 1: Basic Elements and Atomic Concepts 

1.1 Introduction 

The foundation of every chemical experiment begins with the smallest unit of matter, the atom. We will clearly 

understand atoms and their properties.  

1.2 What is an Atom? 

 Atom: The smallest particle of an element that retains its identity in a chemical reaction. 

 An atom consists of three fundamental particles: 

o Proton → carries a positive charge 

o Neutron → carries no charge 

o Electron → carries a negative charge 

1.3 Atomic Number and Atomic Mass 

 Atomic Number (Z) = number of protons in the nucleus 

 Atomic Mass (A) = number of protons + neutrons 

Example: 

 Sodium (Na): Z = 11 (11 protons), A ≈ 23 (11 protons + 12 neutrons) 

1.4 Mole and Avogadro’s Number 

 1 Mole = 6.022 × 10²³ particles (atoms, molecules, or ions). 

 This constant is known as Avogadro’s number. 

Examples: 

 1 mole of Na atoms = 6.022 × 10²³ sodium atoms 

 1 mole of NaCl = 6.022 × 10²³ formula units of sodium chloride 

1.5 Molar Mass 

 Molar Mass = mass of 1 mole of a substance (in grams). 

 Calculated by adding the atomic masses of all atoms in the chemical formula. 

Examples: 

 NaCl = 23 (Na) + 35.5 (Cl) = 58.5 g/mol 

 H₂O = 2(1) + 16 = 18 g/mol 
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1.6 Equivalent Weight  

 Sometimes instead of moles, we use equivalent weight. 

 Equivalent weight depends on how many electrons or protons a compound can donate or accept. 

 Formula: Equivalent weight=Molar Massn / n factor 

Example: 

 H₂SO₄ (sulfuric acid) releases 2 H⁺ ions, so its equivalent weight = molar mass ÷ 2. 

1.7 Important Common Elements in the Laboratory 

Element Symbol 
Atomic Mass 

(g/mol) 
Common Uses in Lab 

Hydrogen H 1 Acids, indicators, fuel gases 

Carbon C 12 Organic compounds, CO₂ 

Nitrogen N 14 Ammonia, nitrates 

Oxygen O 16 Oxidizing agent, combustion 

Sodium Na 23 Salts, NaOH, NaCl 

Magnesium Mg 24 MgSO₄, antacids 

Sulfur S 32 H₂SO₄, sulfates 

Chlorine Cl 35.5 HCl, disinfectants 

Potassium K 39 KCl, fertilizers 

Calcium Ca 40 CaCl₂, CaCO₃ 

 

Self Test: 

1. How many atoms are in 2 moles of Carbon? 

2. What is the molar mass of water (H₂O)? 

3. What is the equivalent weight of H₃PO₄ (assume it donates 3 H⁺ ions)?" 
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Chapter 2: Laboratory Safety 

 

1.1 Introduction 

Welcome to the most important chapter of this book. Before you ever touch a beaker, measure a chemical, or turn on 

a burner, you must understand this: There is no experiment, no result, and no discovery more important than your 

safety and the safety of those around you.** A laboratory is a workshop for discovery, but it must be treated with 

respect. This chapter will equip you with the fundamental knowledge to protect yourself and work confidently. 

1.2 Personal Protective Equipment (PPE) 

Your PPE is your first line of defense. Never enter a lab without it. 

Lab Coat:  

Must be worn at all times. It protects your skin and clothing from chemical spills, splashes, and fire. It must be 

buttoned up. 

Safety Goggles: 

Eyes are irreplaceable. Safety goggles (not regular glasses) provide a seal around your eyes to protect them from 

splashes, flying particles, and vapors. Wear them the moment you enter the lab. 

Gloves: 

Not all gloves are the same. You must choose the right type for the chemicals you are handling. Always check a 

Chemical Compatibility Chart before selecting gloves. 

Closed-Toe Shoes: 

Wear shoes that fully cover your feet. Leather or synthetic materials are best. No sandals, flip-flops, or open-toed 

shoes are allowed. This protects against spilled chemicals and broken glass. 

1.3 Understanding Hazard Symbols & Labels 

Chemicals come with labels that use universal symbols to communicate danger. You must memorize these. 

Symbol & Name What it Means Example Chemicals 

🔥 Flammable Can catch fire easily. Keep away from sparks, flames, 

and heat. 

Alcohol, Acetone, Ether 

☠️ Toxic Can cause poisoning, serious illness, or death if 

inhaled, swallowed, or absorbed through skin. 

Sodium Cyanide, Mercury, Chloroform 

🧪 Corrosive Destroys living tissue (skin, eyes) and can damage 

equipment. 

Strong Acids (HCl, H₂SO₄), Strong 

Bases (NaOH) 

💥 Explosive Can explode under certain conditions (heat, shock, 

friction). 

Picric Acid, some Perchlorates 

☣️ Health Hazard Can cause long-term health effects like cancer or 

organ damage. 

Benzene, Asbestos, Formaldehyde 

⚠️ Irritant Can cause inflammation, itching, or rash (less 

dangerous than corrosive). 

Some solvents, weak acids 

 

Always read the label of a chemical bottle twice before using it. 
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1.4 How to Read a Safety Data Sheet (SDS) 

An SDS is a detailed information sheet provided for every chemical. You must read the SDS of a chemical 

BEFORE you use it for the first time. Here are some important sections you must read:  

Section 2: Hazard Identification: Understand the symbols and risk phrases. 

Section 4: First-Aid Measures: What to do if exposed (e.g., inhaled, skin contact). 

Section 5: Fire-Fighting Measures: How to extinguish a fire involving this chemical. 

Section 7: Handling and Storage: How to safely use and store it. 

Section 8: Exposure Controls/Personal Protection: Specifies the exact PPE required. 

1.5 Emergency Procedures 

Staying calm and knowing what to do is critical. 

Chemical Spill on Skin: 

    1.  Immediately flush the area with copious amounts of running water for at least 15-20 minutes. 

    2.  Use the emergency shower if the spill is large. 

    3.  Remove any contaminated clothing while under the water. 

    4.  Seek medical attention immediately. 

Chemical Splash in the Eyes: 

    1.  Immediately go to the eyewash station. 

    2.  Hold your eyes open with your fingers and flush them with a gentle stream of water for at least 15 minutes. 

    3.  Every second counts. Do not rub your eyes. 

    4.  Seek medical attention immediately. 

Fire: 

    1.  Alert everyone in the lab. Yell "FIRE!" 

    2.  Turn off any ignition sources if it is safe to do so. 

    3.  For a small fire in a beaker, smother it with a watch glass or use the correct type of fire extinguisher. 

    4.  Know your fire extinguisher types: 

        ABC Dry Chemical: For common combustibles (wood, paper), flammable liquids, and electrical fires. 

        CO₂ (Carbon Dioxide): For flammable liquid and electrical fires. 

    5.  If the fire is large or spreading, EVACUATE IMMEDIATELY. Pull the fire alarm on your way out. 

Cut from Broken Glass: 

    1.  Do not pick up broken glass with your hands. Use a brush and dustpan. 

    2.  For a minor cut, allow it to bleed briefly, clean it, and apply a bandage. 

    3.  For a severe cut, apply direct pressure with a clean cloth to stop the bleeding and seek medical help. 

1.6 Proper Waste Disposal Protocols 

Never pour chemicals down the sink unless you have been specifically instructed that it is safe to do so. 

Never put chemical waste in the regular trash. 

Labs have separate, labeled containers for different types of waste: 

Non-Hazardous Solid Waste (e.g., paper, uncontaminated gloves) 

Broken Glassware (in a dedicated, puncture-proof "Sharps" bin) 

Chemical Waste** (in specific jars or cans for solvents, acids, etc.) 

Always check your lab's specific waste disposal SOPs. 

Self Test: 
1.  You need to handle a concentrated acid. What should you check BEFORE choosing your gloves? 

2.  Where should you NEVER dispose of chemical waste? 
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Chapter 3 – Types of Solutions and Concentration Units 

 

2.1 What is a Solution? 

A solution is a homogeneous mixture of two or more substances. 

 Solvent = the medium in which substances dissolve (usually liquid, like water and alcohols etc). 

 Solute = the substance that dissolves in the solvent (like salt, sugar, NaOH and HCl etc). 

Example: 

Salt dissolved in water → salt is solute, water is solvent. 

2.2 Types of Solutions (based on concentration) 

1. Dilute solution – contains very little solute. 

2. Concentrated solution – contains a large amount of solute. 

3. Saturated solution – contains the maximum amount of solute that can dissolve at room temperature. 

4. Supersaturated solution – contains more solute than normally possible at room temperature. 

2.3 Ways to Express Concentration 

Chemists use different units depending on the experiment. 

(a) Percentage concentrations 

 w/w % (weight/weight) 

 w/v % (weight/volume)  

 v/v % (volume/volume) 

Example: 10 g NaCl + 90 g water = 100 g total solution. 

Example: A 10% NaCl w/v solution means 10 g NaCl in 100 mL solution. 

Example: 70 mL ethanol + enough water to make 100 mL solution. 

(b) Molarity (M) 

 Definition: Moles of solute per liter of solution. 

Example: 1 M NaOH = 40 g NaOH dissolved in enough water to make 1 L solution. 

(c) Molality (m) 

 Definition: Moles of solute per kilogram of solvent. 

Example: Suppose we dissolve 10 g NaOH in 200 g water. 

So, solution = 1.25 molal NaOH. 
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(d) Normality (N) 

 Definition: Gram equivalents of solute per liter of solution. 

Example: Let’s prepare 1 N solution of H₂SO₄. 

1. Molar mass of H₂SO₄ = 98 g/mol 

2. n-factor (acidic H⁺ ions) = 2 

3. Equivalent weight = 98 ÷ 2 = 49 g 

So: 49 g H₂SO₄ in 1 L solution = 1 N H₂SO₄. 

2.4 Why so many units? 

 Molarity = most common in lab for chemical reactions. 

 Molality = useful in physical chemistry (colligative properties). 

 Normality = used in titrations (acid/base, redox). 

 % solutions = used in pharmaceuticals and industries. 

 ppm/ppb = used in environmental and trace analysis. 

 

Test Yourself: 
1.  What is the key difference between a saturated and a supersaturated solution? 

2.  You need to prepare 500 mL of a 0.5 M NaOH solution. How many grams of NaOH do you weigh? 

3.  What is the normality (N) of a 1 M solution of H₃PO₄ if it fully donates 3 H⁺ ions? 

4.  When would a chemist use molality (m) instead of molarity (M)? 

5.  How do you prepare 100 mL of a 5% (w/v) NaCl solution? 
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Chapter 4: Common Lab Formulas & Their Applications 

This chapter covers the most commonly used formulas in laboratory solution preparation. Each formula is followed 

by when and how to apply it. 

1. Formula for Dilution 

M₁V₁ = M₂V₂ 

 M₁ = initial concentration (molarity/normality/percentage) 

 V₁ = volume of solution to be taken 

 M₂ = required concentration 

 V₂ = final volume of solution 

👉 When to use: 

If you have a concentrated solution and want to prepare a weaker (diluted) solution. 

Example: 

Prepare 250 mL of 0.1 M HCl from 1 M HCl. 

 M₁ = 1 M 

 V₂ = 250 mL 

 M₂ = 0.1 M 

V₁ = (M₂ × V₂) / M₁  

V₁ = (0.1 × 250) / 1  

V₁ = 25 mL 

So, take 25 mL of 1 M HCl and dilute to 250 mL. 

2. Formula for Weight of Solute Required 

g = M × molar mass × V(in ml /1000) 

 g = grams of solute needed 

 M = molarity of solution 

 molar mass = molar mass of solute (g/mol) 

 V = volume of solution (in mL) 

👉 When to use: 

If you need to prepare a fresh solution from solid solute. 

Example: 

Prepare 100 mL of 1 M NaOH solution. 

 M = 1 

 molar mass of NaOH = 40 g/mol 

 V = 100 mL 

g = (1 × 40 × 100) / 1000 = 4 g 

So, dissolve 4 g of NaOH in water and make volume up to 100 ml. 
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3. Formula for Normal Solutions 

g = N × equivalent weight × V (in ml / 1000) 

 g = grams of solute needed 

 N = normality required 

 equivalent weight = molar mass / n-factor 

 V = volume (in mL) 

👉 When to use: 

When preparing a normal solution (acid-base or redox titrations). 

Example: 

Prepare 1000 mL of 1 N H₂SO₄. 

 molar mass = 98 g/mol 

 n-factor = 2 → Eq wt = 98 / 2 = 49 

 N = 1, V = 1000 

g = (1 × 49 × 1000) / 1000 = 49 g 

So, take 49 g H₂SO₄ and dilute to 1000 ml. 

4. Converting Percent Solutions 

a) w/v % 

10% NaCl (w/v) = 10 g NaCl per 100 mL solution 

b) v/v % 

70% ethanol = 70 mL ethanol + dilute to 100 mL with water 

c) w/w % 

5% NaOH (w/w) = 5 g NaOH per 100 g solution 

👉 Dilution Formula for Percent Solutions: 

C₁V₁ = C₂V₂ (same as molarity) 

Example: 

Convert 10% HCl to 5% HCl, 100 mL needed. 

V₁ = (C₂ × V₂) / C₁ | 

V₁ = (5 × 100) / 10  

V₁ = 50 mL 

Take 50 mL of 10% HCl and dilute to 100 mL. 

Test Yourself: 
1.  You have a 6 M HCl stock solution. How would you prepare 500 mL of 0.5 M HCl? 
2.  Calculate the weight of oxalic acid (H₂C₂O₄) needed to prepare 250 mL of 0.1 M solution. 
3.  What is the Normality (N) of a 0.5 M solution of Ca(OH)₂? 
4.  How many mL of a 20% (w/v) NaCl solution are needed to prepare 50 mL of a 5% (w/v) solution? 
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Chapter 5 – Types of Glassware and Their Handling 

Laboratory glassware is essential for accurate measurement, solution preparation, and chemical reactions. Using the 

correct type and handling it properly ensures precision and safety. 

1. Beakers 

Description: Cylindrical containers with flat bottoms and a spout for pouring. 

 Common sizes: 50 mL, 100 mL, 250 mL, 500 mL, 1000 mL. 

 Uses: Rough measurements, mixing solutions, heating liquids. 

 Handling tips: 

o Do not use for precise measurements. 

o Clean before and after use. 

o Avoid sudden temperature changes to prevent breakage. 

2. Conical Flasks (Erlenmeyer Flasks) 

 Description: Wide base with narrow neck. 

 Uses: Titrations, mixing by swirling, storing solutions. 

 Handling tips: 

o Can use a stopper to prevent contamination. 

o Swirl gently to mix liquids, do not heat directly with open flame if containing volatile chemicals. 

3. Volumetric Flasks 

 Description: Flat-bottomed flask with a long narrow neck and a marked line. 

 Uses: Preparing precise concentrations (molarity/normality). 

 Handling tips: 

o Fill up to the mark for accurate solution concentration. 

o Mix thoroughly by inverting several times. 

o Always rinse with distilled water before use. 

4. Measuring Cylinders 

 Description: Tall, narrow cylinder with volume graduations. 

 Uses: Measuring liquids more accurately than beakers. 

 Handling tips: 

o Read the bottom of the meniscus at eye level. 

o Avoid heating directly. 
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5. Pipettes 

Types: 

o Volumetric pipette: Measures fixed volumes accurately (e.g., 10 mL). 

o Graduated pipette: Measures variable volumes. 

Uses: Transferring precise volumes of liquids. 

Handling tips: 

o Use a pipette filler; never suck by mouth. 

o Rinse with solution before use for accuracy. 

6. Burettes 

Description: Long graduated tube with a tap at the bottom. 
Uses: Titration experiments to deliver variable volumes accurately. 

Handling tips: 

o Remove air bubbles before starting titration. 

o Read volume from bottom of meniscus. 

o Clamp vertically to avoid tipping. 

7. Watch Glasses and Petri Dishes 

Uses: Evaporation, small chemical reactions, covering beakers. 

8. Funnels 

Uses: Pouring liquids without spillage, filtration. 

Handling tips: 

o Use proper size for the container. 

o Clean after use to prevent cross-contamination. 

9. General Handling Rules 

 Always check for cracks or chips before use. 

 Clean and dry thoroughly after use. 

 Label solutions clearly. 

 Handle with care to prevent breakage and injury. 

Test Yourself: 
1.  Which piece of glassware is specifically designed for preparing solutions of *exact* concentration and has a 

single calibration mark? 

2.  Why should you never use a beaker for precise measurements? 

3.  You need to add a reactant drop-by-drop to a solution while measuring the volume precisely. Which two pieces 

of glassware would you use together? 
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Chapter 6 – Common Abbreviations and Full Forms in Laboratories 

1. Regulatory & Quality Standards 

GMP – Good Manufacturing Practice 

Set of rules ensuring medicines are consistently produced with quality. Focus: hygiene, documentation, training, 

validation. 

GLP – Good Laboratory Practice 

Standards for conducting non-clinical lab studies. Ensures reliability and traceability of test results. 

GDP – Good Documentation Practice 

Rules for writing, correcting, and handling documents. Example: never use white ink, always sign and date 

corrections. 

GSP – Good Storage Practice 

Guidelines to ensure raw materials and finished products are stored safely (temperature, humidity, segregation). 

GCP – Good Clinical Practice 

For clinical trials—ensures safety of human subjects and integrity of data. 

2. Common Documents 

SOP – Standard Operating Procedure 

Step-by-step written instructions to carry out routine operations (e.g., “SOP for cleaning glassware”). 

STP – Standard Testing Procedure 

Document describing exact method to test a sample (e.g., “STP for assay of paracetamol”). 

COA – Certificate of Analysis 

Official document that states test results of a batch (identity, assay, purity, etc.). 

BMR – Batch Manufacturing Record 

Document where step-by-step details of manufacturing a batch are written. Proof of compliance with GMP. 

CAPA – Corrective and Preventive Action 

System to identify problems, fix them (Corrective), and stop them from happening again (Preventive). 

OOS – Out of Specification 

When test results are outside accepted limits (e.g., assay 94% when spec is 98–102%). 

3. Lab/Production Processes 

API – Active Pharmaceutical Ingredient 

The actual chemical that produces the therapeutic effect (e.g., paracetamol powder in tablets). 

IPQC – In-Process Quality Control 

Tests done during manufacturing (e.g., tablet weight variation, hardness) to ensure batch consistency. 

HPLC – High Performance Liquid Chromatography 

Instrument used for separation, identification, and quantification of compounds. Common in assay and impurity 

testing. 

LOD – Loss on Drying 

Test to check moisture content by heating sample until constant weight. 

LAF – Laminar Air Flow 

Cabinet providing sterile air flow to prevent contamination during weighing or sample handling. 
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Chapter 7 – Documentation in Laboratory 

1. Importance of Documentation 

 Documentation is the backbone of GMP & GLP. 

 Without proper records, it is impossible to prove product quality, trace errors, or pass audits. 

 Rule: “If it’s not documented, it didn’t happen.” 

2. ALCOA+ Principles 

ALCOA+ are fundamental rules of good data and documentation practices. 

 A – Attributable: Every entry must show who did it (signature/initials, date, time). 

 L – Legible: Must be clear, readable, permanent (no pencil, no white ink). 

 C – Contemporaneous: Record data at the time of activity, not later. 

 O – Original: Record directly in original document or approved format, not on loose papers. 

 A – Accurate: Data must be correct, truthful, and free from manipulation. 

“+” adds extra principles: 

 Complete: Nothing missing; all corrections justified. 

 Consistent: Sequence of events must follow logical order. 

 Enduring: Data must be permanent and long-lasting (ink, electronic backups). 

 Available: Easy to retrieve whenever needed (audits, inspections). 

3. Life Cycle of a Document in the Lab 

From creation → usage → storage → archiving 

(a) Document Creation 

 Starts with a draft (SOP, STP, logbook, BMR, etc.). 

 Prepared by user department, reviewed by QA, approved by Head/QA. 

 Must have: 

o Document number 

o Version/revision number 

o Title, purpose, scope, effective date 

(b) Issuance & Control 

 Controlled copies issued by QA only. 

 Master copy always kept secure in QA. 

 Every issued document is logged (who received, when). 
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(c) Usage / Recording 

 Data entered in real time. 

 Use permanent ink (blue/black). 

 No overwriting; if error → single line strike, sign, date, reason. 

 Each page signed & dated. 

(d) Review & Approval 

 Completed document checked by supervisor/QA. 

 Any deviations or OOS must be investigated & documented. 

(e) Storage / Archiving 

 After use, documents are stored in secure archives (fire-proof cabinets, electronic backups). 

 Retention time depends on regulatory guidelines (e.g., batch records: 1 year after expiry). 

4. Types of Documents in Lab 

1. SOP (Standard Operating Procedure) – how to do work. 

2. STP (Standard Testing Procedure) – how to test. 

3. Logbooks – instrument usage, calibration, cleaning. 

4. COA (Certificate of Analysis) – final test results summary. 

5. BMR (Batch Manufacturing Record) – proof of manufacturing process. 

6. Analytical Data Sheets – raw data sheets, chromatograms, UV spectra. 

7. OOS / Deviation Records – abnormal results or errors. 

5. Common Documentation Rules 

 Write date format: DD/MM/YYYY (or company-specific). 

 Record time in 24-hour format. 

 Never leave blank spaces → write N/A (Not Applicable) if no data. 

 Each page numbered as “Page X of Y”. 

 Attach raw data (printouts, spectra) with signatures. 

 

Test Yourself: 

1. What does the “C” in ALCOA+ stand for, and why is it important? 

2. You made a mistake while recording data. What is the correct way to correct it? 

3. What does OOS stand for, and what is the immediate action required when it occurs? 

5.Why is it said, “If it isn’t documented, it didn’t happen” in pharma labs? 
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Chapter 8: Laboratory Equipment 

Laboratory equipment is divided into different categories depending on how they are used. Every chemist must 

know the name, purpose, working principle, and handling precautions of common instruments. 

7.1 Physical Equipment 

These are mostly non-electrical instruments used for measuring or preparing samples. 

 Analytical Balance 

o Purpose: Accurate weighing of chemicals. 

o Principle: Works on electronic load cell principle that converts force of mass into electrical signal. 

o Handling Tips: Always calibrate before use, keep in a vibration-free place, never touch powders 

directly on pan. 

 Hot Air Oven 

o Purpose: Drying of glassware, LOD testing. 

o Principle: Circulation of hot air at set temperature. 

o Handling Tips: Avoid overloading, record temperature, don’t open door frequently. 

 Desiccator 

o Purpose: Storage of moisture-sensitive samples. 

o Principle: Drying by silica gel or vacuum. 

o Handling Tips: Keep silica gel active (blue/pink indicator). 

 Viscometer (Manual / Ostwald type) 

o Purpose: Measure viscosity of liquids. 

o Principle: Flow of liquid through a capillary tube under gravity. 

o Handling Tips: Ensure constant temperature, clean thoroughly after each use. 

 pH Meter 

o Purpose: Measure acidity/alkalinity of solutions. 

o Principle: Potential difference across glass electrode compared with reference electrode. 

o Handling: Calibrate with buffer solutions (pH 4, 7, 10) before use. Keep electrode moist. 

 UV–Visible Spectrophotometer 

o Purpose: Quantitative determination of compounds. 

o Principle: Molecules absorb UV/Visible light at specific wavelengths according to Beer–Lambert 

law. 

o Handling: Always blank with solvent, avoid fingerprints on cuvette, record absorbance within 

range. 
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 IR Spectrophotometer 

o Purpose: Identification of functional groups in molecules. 

o Principle: Molecules absorb infrared radiation at specific vibrational frequencies. 

 HPLC (High-Performance Liquid Chromatography) 

o Purpose: Separation, identification, and quantification of compounds. 

o Principle: Sample passes through a column packed with stationary phase; separation occurs based 

on polarity and interactions. 

o Handling: Degas solvents, filter samples, maintain column properly. 

 GC (Gas Chromatography) 

o Purpose: Separation of volatile compounds. 

o Principle: Sample vapor carried by inert gas through a column → detected by FID or TCD. 

 Dissolution Apparatus 

o Purpose: To check drug release from dosage forms. 

o Principle: Dosage form dissolves in medium under controlled stirring and temperature. 

 Disintegration Apparatus 

o Purpose: To test how quickly a solid dosage form breaks apart in liquid medium. 

 Friability Tester 

o Purpose: To check mechanical strength of tablets by tumbling. 

 Hardness Tester 

o Purpose: To measure crushing strength of tablets. 

7.2 Handling & Safety Rules for Equipment 

1. Always calibrate before official use. 

2. Clean and dry after every operation. 

3. Record all results in logbooks immediately. 

4. Never operate unfamiliar equipment without training. 

5. Follow SOPs and GMP documentation. 

Test Yourself: 

1.  Why is it important to calibrate a pH meter with buffer solutions before use?   

2.  What is the key principle behind an analytical balance?   

3.  Why should you never touch the weighing pan of a balance with your hands?   
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Chapter 9: Laboratory Testing Methods 

In Quality Control (QC) labs, different tests are performed on raw materials, in-process, and finished products to 

ensure compliance with pharmacopeial standards (USP, BP, EP, etc.). Each test has its principle, procedure, and 

acceptance criteria. 

8.1 Appearance, smell & taste 

 Purpose: First identification checks for colour, clarity, texture and smell or sometime taste (as per 

standards mentioned). 

 Example: Powder – white crystalline, Liquid – clear, free from particles. 

 Note: Document as "Complies" if matches pharmacopeia description. 

8.2 Identification Tests 

 Purpose: Confirm material is correct substance. 

 Methods: 

o UV absorbance at specific λmax 

o IR spectrum fingerprint 

o Chemical reaction test. 

8.3 pH 

 Purpose: Measure acidity/alkalinity. 

 Instrument: pH meter (calibrated with buffer). 

 Acceptance: Material specific. 

8.4 Loss on Drying (LOD) 

 Purpose: Determine water or volatile content. 

 Method: Weigh sample → dry in hot air oven (105°C or specified) → reweigh. 

 Formula:  

               %LOD = Wbefore−Wafter / Wbefore×100  

8.5 Moisture Content (Karl Fischer / Moisture Analyzer) 

 Purpose: Direct measurement of water content. 

 Method: Titration (Karl Fischer reagent) or moisture analyzer instrument. 

8.6 Melting Point 

 Purpose: Check purity of solid. 

 Method: Capillary method or digital melting point apparatus. 
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8.7 Viscosity 

 Purpose: Flow resistance of liquids (e.g., syrups, suspensions). 

 Instrument: Viscometer. 

 

8.8 Assay (Potency Testing) 

 Purpose: To confirm active ingredient concentration (potency). 

 Methods: 

o Titration (classical method). 

o UV Spectrophotometry (Beer–Lambert’s Law). 

o HPLC (most accurate). 

 Acceptance Criteria: Usually 95–105% of label claim. 

8.9 Specific Gravity 

 Purpose: Ratio of density of liquid to water. 

 Formula: 

Gravity = Weight of sample / Weight of equal volume of water 

8.10 Disintegration Test 

 Purpose: Time for tablets/capsules to break apart in medium. 

 Limit: Varies by dosage form. 

8.11 Dissolution Test 

 Purpose: How much drug is released in given time. 

 Method: USP dissolution apparatus, sample withdrawn at intervals, analyzed by UV/HPLC. 

8.12 Friability Test 

 Purpose: Tablet mechanical strength. 

 Limit: ≤ 1% weight loss after 100 rotations. 

8.13 Hardness Test 

 Purpose: Force required to break tablet. 

 Limit: 4–8 kg/cm² (varies). 

8.14 Heavy Metals / Impurities 

 Purpose: Check contamination. 

 Method: AAS, ICP, or colorimetric tests. 
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8.15 Microbiological Tests (for finished goods) 

 Purpose: Ensure product is free from harmful microorganisms. 

 Tests: 

o Total Plate Count 

o Absence of pathogens 

Test Yourself: 
1.  What is the purpose of a dissolution test, and what apparatus is used for it?   

2.  How do you determine the endpoint in a titration?   

3.  Why is HPLC preferred over UV-Vis for assay testing in many cases?   

4.  What is the acceptance criteria for friability of tablets?   
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Conclusion 

 

Congratulations on reaching the end of Volume 1 of The Lab Coat Chronicles. 

 

You have now built a solid foundation in the fundamental principles, safety protocols, and standard 

practices that are essential for any successful lab technician. Remember, competence in the lab is built 

on a respect for theory, a commitment to safety, and meticulous attention to detail. 

 

This is not the end of your learning journey—it is just the beginning. Stay curious, never stop asking 

questions, and always strive to understand the 'why' behind the 'what'. 

 

You are now ready to step into the lab with confidence. 

 

Ready for more? Follow @TheChemMind for advanced topics and practical insights! 

 

- Muhammad Farhan Zahoor 
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