
Pharmaceutical Analysis Notes PDF | B Pharm 1st Semester 

Notes 

 

Unit 1(a): Introduction to Pharmaceutical Analysis 

Pharmaceutical analysis is like being a detective for medicines. It’s a crucial branch of practical 

chemistry that helps us understand everything about a given substance or sample. This involves 

breaking it down, separating its parts, figuring out what it is (identification), how much of it is there 

(quantification), and making sure it's super clean (purification). 

What do pharmaceutical analysts do? Their work is vital in many areas, including: 

●​ Checking raw materials: Ensuring that the initial ingredients used to make drugs are of 

good quality. 

●​ Analysing drug samples: Testing various medicines to confirm their composition. 

●​ Qualitative and quantitative analysis: Discovering what is in a sample (qualitative) and 

how much is present (quantitative). 

●​ Diagnosing diseases: Using chemical analysis to help understand illnesses. 

●​ Working with radioactive compounds: Determining the properties of these special 

substances. 

●​ Ensuring water quality: Analysing water samples to make sure they are safe. 

●​ Quality control: Making sure drugs are effective, safe, and pure. 

●​ Forensic science: Aiding in investigations. 

●​ Plant growth: Finding out the amount of essential components in plants. 

In essence, qualitative analysis tells you "what it is", identifying the components or functional 

groups of a substance. Quantitative analysis answers "how much", determining the precise 

amount of a substance in a sample. 

 

Techniques in Pharmaceutical Analysis 



To solve the mysteries of pharmaceutical compounds, analysts use various techniques. These 

are broadly categorised: 

1.​ Chemical Methods: These are the traditional hands-on approaches.​

 

○​ Volumetric Methods (Titrimetric Analysis): Imagine measuring out exactly how 

much liquid you need to react with another liquid. That's volumetric analysis! The key 

is measuring the volume of a solution (called the titrant) of known strength that 

reacts completely with the substance being analysed (the analyte or titrate). The 

amount of analyte is then calculated from the volume of titrant used. 

■​ Titration: This is the process where you slowly add the titrant from a burette 

into the analyte, which is usually in a conical flask, until the reaction is 

complete. 

■​ Equivalence Point (or Stoichiometric End Point): This is the theoretical point 

where the reaction between the titrant and analyte is perfectly complete. 

■​ Indicator: To see when the equivalence point is reached, we often add a 

special substance called an indicator. It changes colour visibly at or near the 

equivalence point, which we call the end point. 
■​ Titration Error: Sometimes, the practical end point (where the indicator 

changes colour) might be slightly different from the theoretical equivalence 

point. This difference is the titration error. 

■​ Types of Volumetric Methods: These include neutralisation titrations 

(acid-base), precipitation titrations, complexometric titrations, non-aqueous 

titrations, and oxidation-reduction titrations. 

■​ Important considerations for volumetric methods: The reaction should be 

easy, complete, without interference, fast, and compatible with suitable 

indicators that give sharp colour changes. 

○​ Gravimetric Methods: Instead of volume, this method focuses on weight. You 

isolate the compound you're interested in, usually in its pure form, and weigh it. This 

is particularly useful for checking impurities but can be quite time-consuming. 

Examples include methods based on precipitation or volatilisation. 

○​ Gasometric Methods: As the name suggests, these methods involve the 

measurement of gases. 



2.​ Physico-chemical Methods (Instrumental Methods): These are modern methods that 

use sophisticated instruments to measure physical or physicochemical properties of 

compounds.​

 

○​ Examples of properties measured and the instruments used:​

 

■​ Electrical potential: Potentiometer 

■​ Electrical conductance: Conductometry 

■​ Electrical current: Polarography and Voltammetry 

■​ Absorption of radiation: Spectrophotometry, Colorimetry, Atomic absorption 

spectroscopy 

■​ Emission of radiation: Emission spectroscopy, Flame photometry, 

Fluorimetry 

■​ Scattering of radiation: Turbidimetry and Nephelometry 

■​ Refraction of radiation: Refractometry 

■​ Rotation of plane polarized light: Polarimetry, Optical rotatory dispersion 

■​ Thermal properties: Thermal methods of analysis (e.g., DSC, DTA, TGA) 

■​ Mass to charge ratio: Mass spectrometry 

○​ Other instrumental techniques include HPLC, HPTLC, Gas Chromatography, and 

TLC. 

3.​ Microbiological Methods: These methods are used when chemical tests aren't suitable, 

especially for compounds like antibiotics. They involve observing how a substance affects 

the growth of bacteria compared to a standard.​

 

4.​ Biological Methods: These are used to determine the concentration of a drug and to 

check its overall activity or effect.​

 

 

Methods of Expressing Concentrations 

When we talk about solutions in pharmaceutical analysis, we need to be precise about how much 

solute (the substance dissolved) is in the solvent (the dissolving liquid). Here are the common 

ways to express concentration: 



●​ Normality (N): This is the number of equivalents of solute present in one litre of solution. 

It's often calculated as: Normality (N) = Weight of Solute / (Equivalent Weight of Solute × 

Volume of Solution in Litres) It is also known as Normal Concentration. 

●​ Percent Concentration (%): This expresses the amount of solute as parts per hundred. 

There are three main types: 

○​ Percent w/w (% w/w): Mass of Solute / Mass of Solution × 100. Used for 

commercial aqueous reagents. 

○​ Percent v/v (% v/v): Volume of Solute / Volume of Solution × 100. Used when 

diluting one liquid with another. 

○​ Percent w/v (% w/v): Mass of Solute / Volume of Solution × 100. Used when 

dissolving solid reagents in solvents. 

●​ Molar Concentration (Molarity, M): This is the number of moles of solute present in one 

litre of solution. It's calculated as: Molarity (M) = Number of Moles of Solute / Volume of 

Solution in Litres Molarity can change slightly with temperature because volume changes. 

●​ Molal Concentration (Molality, m): This is the number of moles of solute per 1000 grams 

(or 1 kilogram) of solvent. Unlike molarity, molality is not affected by temperature as it 

depends on mass, not volume. 

●​ Formal Concentration (Formality, F): For substances that exist as ions in solution, like 

salts, we use formality. Instead of molecular weight, we use formula weight. Formality (F) 

= Weight of Solute in Grams / (Formula Weight × Volume of Solution in Litres) Like 

molarity, formality can be influenced by temperature. 

●​ Parts per Million (ppm) and Parts per Billion (ppb): These units are used for very dilute 

solutions, especially when dealing with impurities. For example, 1 ppm means 1 part of 

solute in one million parts of solution. Concentration (ppm) = Mass of Solute / Mass of 

Solution × 10^6 ppm 

Equivalent Weight The equivalent weight of a substance is the weight that reacts with specific 

amounts of other substances (like 1.0078 g of hydrogen or 8 g of oxygen). Its calculation 

depends on the type of reaction: 

●​ Neutralisation Reactions (Acids/Bases): 
○​ For acids: Equivalent weight = Molecular weight / Basicity (number of replaceable 

hydrogens). 

○​ For bases: Equivalent weight = Molecular weight / Acidity (number of replaceable 

hydroxyl groups). 



●​ Complexation Reactions: For cations, it's generally the atomic weight divided by the 

valency of the atom. 

●​ Precipitation Reactions: Equivalent weight = Molecular weight / Valency of reacting ions. 

●​ Oxidation-Reduction Reactions: Here, the equivalent weight is based on the number of 

electrons transferred or the change in oxidation number. Equivalent weight = Molecular 

weight / Number of electrons transferred Or, Equivalent weight = Molecular weight / 

Change in oxidation number 

○​ Oxidation Number: A positive change means oxidation, a negative change means 

reduction. Some general rules for determining oxidation numbers exist: non-zero 

digits are significant, zeros between non-zero digits are significant, trailing zeros 

after a decimal point are significant, leading zeros are never significant, exact 

numbers have infinite significant digits. 

Titer: This term refers to the concentration of a solution, particularly in volumetric analysis. It tells 

you the weight of a substance that will react with the solute in 1 ml of the solution. Titer = 

Normality (N) × Equivalent Weight 

 

Preparation and Standardization of Various Molar and Normal Solutions 

In pharmaceutical analysis, having solutions of precisely known concentrations is fundamental. 

These are called standard solutions. 

●​ Primary Standards: These are the gold standard! They are substances that are: 

○​ Easily available in a highly pure and crystalline form. 

○​ Used to prepare standard solutions of unknown strength through accurate weighing. 

○​ Properties: They react simply and completely, have no difference between their 

theoretical and practical end points, don't absorb water from the air (not 

hygroscopic), are readily soluble in common solvents, easy to purify and preserve, 

react immediately and completely, are stable in the air, and have a high equivalent 

weight (which minimises weighing errors). 

○​ Examples include oxalic acid and sodium carbonate.​

 



●​ Secondary Standards: These are solutions whose concentrations are determined by 

comparing them against a primary standard. They are used because primary standards 

are limited or might not be suitable for all reactions. 

○​ Properties: Their reactions might not be as simple or instantaneous, they might be 

difficult to keep pure, their concentration can change over time (e.g., due to 

decomposition or absorbing water), and they might not be readily soluble. 

○​ An example is potassium permanganate (KMnO4), which is hygroscopic. 

Let's look at how some common solutions are prepared and standardised: 

●​ Preparation and Standardisation of N/10 Sodium Hydroxide (NaOH) Solution:​

 

○​ Preparation: Carefully weigh about 4 grams of NaOH, dissolve it in distilled water, 

transfer to a 1-litre volumetric flask, cool, and then fill to the mark with distilled water. 

Mix well. 

○​ Standardisation: Titrate this NaOH solution against a known N/10 oxalic acid 

solution using phenolphthalein as an indicator. The end point is a faint permanent 

pale pink colour. You can then calculate the exact normality of your NaOH solution 

using the formula N1V1 = N2V2.​

 

●​ Preparation and Standardisation of N/10 Sulphuric Acid (H2SO4) Solution:​

 

○​ Preparation: Since concentrated sulphuric acid is very strong, you need to calculate 

the exact volume required (e.g., about 2.74 ml of 97% concentrated H2SO4 for 1 

litre of N/10 solution). Carefully add this calculated volume to a small amount of 

distilled water in a beaker, then transfer to a 1-litre volumetric flask and make up to 

the mark with distilled water. Mix well. 

○​ Standardisation: Titrate this H2SO4 solution against a standard 0.1 N sodium 

carbonate (Na2CO3) solution, using mixed indicator or methyl orange. Repeat until 

you get consistent readings and use N1V1 = N2V2 for calculation.​

 

●​ Preparation of N/10 Oxalic Acid Solution:​

 

○​ Preparation: Accurately weigh 6.3 grams of oxalic acid dihydrate ((COOH)2.2H2O) 

and transfer it into a 1-litre volumetric flask. Fill halfway with distilled water, shake 



well to dissolve, and then make up to the mark. This solution is often used as a 

primary standard. (If anhydrous oxalic acid is available, 4.5 g is used for 0.1 N).​

 

●​ Preparation and Standardisation of N/10 Potassium Permanganate (KMnO4) 
Solution:​

 

○​ Preparation: The equivalent weight of KMnO4 depends on the reaction. In an acidic 

medium (most common), it's 31.6 (158/5). So, weigh approximately 3.16 to 3.2 

grams of KMnO4, dissolve it in 1 litre of distilled water. Boil the solution for 10-15 

minutes, let it stand for a few days, and then filter through glass wool to remove any 

impurities. 

○​ Standardisation: Take 10 ml of N/10 oxalic acid solution, add 5 ml of dilute 

sulphuric acid, and warm it to 60-70°C. Titrate this warm solution against the KMnO4 

from the burette until a light pink colour appears (KMnO4 acts as its own indicator). 

Repeat for consistent results and use N1V1 = N2V2 for calculation.​

 

●​ Preparation and Standardisation of N/10 Hydrochloric Acid (HCl) Solution: 

○​ Preparation: Calculate the exact volume of concentrated HCl needed (e.g., about 

8.1774 ml of 37.5% concentrated HCl for 1 litre of 0.1 N solution). Dissolve this 

volume in 1 litre of water. 

○​ Standardisation: Titrate this HCl solution against a standard N/10 NaOH solution 

(which has already been standardised against oxalic acid) using phenolphthalein as 

an indicator.​

 

●​ Preparation and Standardisation of 0.1 N Sodium Thiosulphate (Na2S2O3.5H2O) 
Solution: 

○​ Preparation: Dissolve approximately 24.8 grams of sodium thiosulphate crystals in 

previously boiled and cooled distilled water and make the volume up to 1 litre. Store 

the solution in a cool, dark-coloured bottle to prevent decomposition. 

○​ Standardisation: Weigh about 5.0 grams of finely ground potassium dichromate (a 

primary standard) into a 1-litre volumetric flask and make it up to volume. Pipette 

25.0 ml of this dichromate solution into a conical flask. Add 5.0 ml of concentrated 

hydrochloric acid and 15.0 ml of 10% potassium iodide solution. Allow it to stand in 

the dark for 5 minutes. Then titrate the mixture with your sodium thiosulphate 



solution, using starch solution as an indicator. The end point is when the blue colour 

changes to green. 

 

Unit 1(b): Pharmaceutical Errors 

In analytical chemistry, getting the correct result every time is the goal. However, sometimes 

errors happen. An error is simply the difference between the true result (the accepted correct 

value) and the measured result you obtain. If these errors are large, they can have serious 

consequences, especially in medicine, leading to expensive or even dangerous treatments for 

patients. 

Understanding Errors: 

●​ Error Calculation: Error = Measured Mean Value - True Value 

●​ Absolute Error: This is the straightforward difference between your experimental average 

and the true value. 

●​ Relative Error: This error is more about proportion; it's the absolute error divided by the 

true value. It's often expressed as a percentage (by multiplying by 100) or as parts per 

thousand (by multiplying by 1000). 

Sources and Types of Errors: Errors in pharmaceutical analysis come from various sources 

and are generally classified into two main types: 

1.​ Determinate Errors (Systematic Errors): These errors are known to the analyst and, 

importantly, can be avoided or corrected. They tend to be constant or reproducible 

errors.​

 

○​ Instrumental Errors: Caused by faulty equipment, uncalibrated instruments, or 

instruments that don't perform correctly. 

○​ Personal Errors: These happen because of the analyst themselves. This could be 

due to a lack of experience, carelessness, poor observation skills (like vision 

problems), or improper sampling. 

○​ Chemical Errors: Result from using chemicals or reagents that have impurities or 

contaminants, which interfere with the reaction. 



○​ Errors in Methodology: These are very serious errors arising from using a flawed 

or incorrect method. Examples include impurities precipitating along with the desired 

substance (co-precipitation), substances not dissolving properly, or incomplete 

reactions. These are usually detectable and can often be eliminated. 

○​ Additive Errors: Errors that are not dependent on the amount of substance present 

in the sample. 

○​ Proportional Errors: Errors that depend on the amount and nature of the sample. 

2.​ Indeterminate Errors (Accidental or Random Errors): These errors may or may not be 
known and are often unpredictable. They show up as small, random differences in a 

series of measurements taken under identical conditions.​

 

○​ You cannot predict or eliminate these errors. They follow a random pattern, which 

can be understood using probability. 

○​ Generally, very large random errors are unlikely, while smaller errors happen more 

frequently. These errors can occur on both the positive and negative sides of the 

true value with equal probability. 

Methods to Minimise Errors: Since errors can't always be completely eliminated, we focus on 

minimising them: 

●​ Personal Errors: Employ skilled and knowledgeable individuals for analysis. Implement 

regular reporting and monitoring. Check for issues like vision problems. 

●​ Instrumental Errors: Always thoroughly check and calibrate all equipment before starting 

any analysis. Faulty equipment should be corrected by experts. 

●​ Chemical Errors: Use only high-quality, standard chemicals from authentic sources 

that are free from impurities. Regularly check the quality of reagents. 

●​ Errors in Methodology: Strictly follow standard methods and proper references. 

Continuous monitoring of reactions by experienced personnel helps. 

●​ Indeterminate Errors: While unpredictable, a well-planned analytical procedure that 

considers all factors influencing accuracy and precision can help reduce their impact. 

●​ Calibration of Instruments/Apparatus: This is the process of checking the correctness of 

your measuring tools. 

●​ Blank Determination: Perform the analysis without the sample to identify any impurities in 

the reagents or solvents themselves. 



●​ Control Determination: Conduct the analysis with known quantities of the substance to 

detect errors. 

●​ Independent Methods: Use two different analytical methods to measure the same 

substance and compare the results. 

●​ Parallel Determination: Repeat the analysis more than once (e.g., in duplicate or 

triplicate) and compare the results to ensure consistency. 

 

Accuracy and Precision 

These two terms are often used interchangeably, but in chemistry, they have distinct meanings: 

●​ Accuracy: This refers to the degree of closeness of a measurement to the true or 
target value. Think of it as hitting the bullseye on a dartboard. If your measurements are 

accurate, they are very close to what they should be. Accuracy is sometimes called bias 
error. High accuracy requires both high precision and high "trueness" (how close the 

average of many measurements is to the true value). 

●​ Precision: This refers to the degree of agreement between several measurements of 
the same quantity. It's about reproducibility. If your measurements are precise, they are 

very close to each other, even if they aren't necessarily close to the true value. Imagine 

hitting the same spot on the dartboard repeatedly, but that spot isn't the bullseye. 

Good accuracy and good precision means all your darts are clustered around the bullseye. 

Poor accuracy but good precision means all your darts are tightly clustered, but far from the 

bullseye. Poor accuracy and poor precision means your darts are scattered all over the board. 

 

Significant Figures 

When recording measurements in analysis, it's important to use significant figures correctly. 

These are the number of digits that are necessary to express the result of a measurement in a 

way that is consistent with its precision. They tell you which part of your measurement is certain 

and which part has a bit of uncertainty (usually the last digit). 

Rules for Identifying Significant Figures: 



●​ Non-zero digits are always significant. (e.g., 123 has three significant figures). 

●​ Captive zeros (zeros between two non-zero digits) are always significant. (e.g., 25.05 

has four significant figures). 

●​ Trailing zeros (zeros at the end of a number) are significant only if there is a decimal 
point in the number. (e.g., 0.0560 has three significant figures, because of the decimal. 

1000 without a decimal has one significant figure, but 1000. has four). 

●​ Leading zeros (zeros before non-zero digits) are never significant. They just show the 

magnitude or placement of the decimal point. (e.g., 0.0234 has three significant figures). 

●​ Exact numbers (like counts or definitions) are considered to have an infinite number of 
significant digits. 

Rounding Off Figures: Sometimes, in calculations or when reporting data, you need to round off 

numbers to maintain the correct number of significant figures for accuracy. 

●​ In addition and subtraction, the result should have the same number of decimal places as 

the measurement with the fewest decimal places. 

●​ In multiplication and division, the result should have the same number of significant figures 

as the measurement with the fewest significant figures. 

 

Unit 1(c): Pharmacopoeia, Sources of Impurities & Limit Test 

 

Pharmacopoeia 

Imagine a giant rulebook for medicines – that's essentially a Pharmacopoeia! The word comes 

from Greek: "pharmakon" (drug or medicine) and "pieo" (to make). These are official publications 

that provide a comprehensive list of drugs and medicinal substances, along with detailed 

instructions for their preparation and quality control. 

●​ What's in a Pharmacopoeia? 
○​ Quality Specifications: It sets out appropriate tests to confirm the identity, purity, 

amount of active substance, and performance characteristics of medicines. 

○​ Reference Standards: It specifies reference standards that are used for testing to 

ensure consistent quality. 



○​ Coverage: It covers everything from raw materials, inactive ingredients (excipients), 

and intermediate products to the final finished pharmaceutical products (FPPs). 

○​ General Requirements: It also includes analytical methods, microbiological purity 

tests, dissolution testing, stability guidelines, and more. 

●​ International Pharmacopoeia (Ph. Int.): Issued by the World Health Organization (WHO), 

this provides global standards. 

●​ Key Function: Pharmacopoeias are essential tools for maintaining the quality of 

medicines by providing recommended procedures for analysis and specifications for 

pharmaceutical substances, excipients, and dosage forms. 

●​ Structure: Most Pharmacopoeias have a general part (tests, methods, general 

requirements) and a specific part consisting of monographs for individual pharmaceutical 

substances. 

The Indian Pharmacopoeia (IP): In India, drugs manufactured must be labelled with the 

mandatory "I.P." (Indian Pharmacopoeia). 

●​ Publisher: The Indian Pharmacopoeia is published by the Indian Pharmacopoeial 
Commission (IPC), under the Government of India, Ministry of Health & Family Welfare. It 

adheres to the requirements of the Drugs and Cosmetics Act, 1940. 

●​ Mission: The IPC's mission is to promote public health by ensuring the quality, safety, 

and effectiveness of medicines, including active pharmaceutical ingredients, excipients, 

and dosage forms. 

●​ History: The first IP was published in 1868. Over the years, it has been updated regularly, 

with new editions and addenda incorporating scientific advancements and focusing on 

national health care priorities. For example, the Indian Pharmacopoeia 2022 introduced 

92 new monographs, 27 new APIs, vitamins, minerals, amino acids, fatty acids, 

biotechnology products, herbal products, blood products, dosage forms, and vaccines. 

●​ Objectives of IPC: 

○​ To develop and update comprehensive monographs for drugs. 

○​ To create monographs specifically for herbal drugs. 

○​ To prioritise monographs for drugs on the National Essential Medicines List. 
○​ To consider the latest analytical testing and instrumentation when framing 

monographs. 

○​ To accelerate the process of preparing, certifying, and distributing IP Reference 

Substances. 



○​ To collaborate with other international pharmacopoeias (like Ph Eur, BP, USP) to 

harmonise global standards. 

○​ To review existing monographs periodically. 

○​ To organise educational programs and research. 

○​ To publish the National Formulary of India. 

●​ General Chapters: The IP includes general chapters covering notices, test methods 

(biological, chemical, physical, pharmaceutical), reference data, reagents, general tests, 

containers, and tables. 

Monographs: A monograph in a Pharmacopoeia is like a detailed dossier for an individual 

official substance or preparation. 

●​ General Monographs: These provide requirements for various dosage forms (e.g., 

tablets, capsules) and set general rules for their production and manufacture. 

○​ Production: Contains mandatory instructions for manufacturing processes, covering 

raw materials, in-process testing, storage, and validation. 

○​ Manufacture of Drug Products: Focuses on the active ingredient, ensuring all 

other ingredients (excipients) also meet Pharmacopoeial requirements. 

○​ Excipients: These are inactive substances added to medicines. Monographs ensure 

they are harmless, don't affect the drug's effectiveness, and don't interfere with tests. 

●​ Individual Monographs: These provide specific details for individual drug products. They 

include: 

○​ Titles: The official name, often the International Non-proprietary Name (INN). 

○​ Chemical Formulae: The chemical structure, molecular formula, and molecular 

weight, referring to the chemically pure substance. 

○​ Definition: The official definition of the drug product. 

○​ Statement of Content: Limits of the active ingredient determined by assay. 

○​ Category: Indicates its medical or pharmaceutical basis. 

○​ Dose and Usual Strength: Information for pharmacists and medical practitioners. 

○​ Description: A preliminary evaluation of the preparation. 

○​ Solubility: Information on approximate solubility. 

 

Sources of Impurities 



Even in highly pure substances, some amount of impurity is almost always present. An impurity 

is any foreign particle or unwanted chemical that affects the purity of a substance. In 

pharmaceuticals, these are unwanted chemicals that remain with the active pharmaceutical 
ingredients (APIs) or develop during the formulation process. Even tiny amounts can impact the 

effectiveness and safety of medicines. 

Where do impurities come from? 

●​ Raw Materials: The initial materials used in manufacturing might not be entirely pure. 

●​ Manufacturing Process: The methods or processes used to make the drug can introduce 

impurities. 

●​ Chemical Reactions: The chemical processes themselves, or the plant materials used, 

can lead to unwanted by-products. 

●​ Storage Conditions: Improper storage (e.g., exposure to light, air, or moisture) can cause 

degradation and form impurities. 

●​ Decomposition: The drug substance itself can break down over time, creating impurities. 

What are the effects of impurities? 

●​ Incompatibility: Impurities can react negatively with other substances in the formulation. 

●​ Reduced Shelf Life: They can make the medicine expire faster. 

●​ Formulation Difficulties: Impurities can complicate the process of making the drug. 

●​ Altered Properties: They might change the physical and chemical properties of the drug. 

●​ Decreased Therapeutic Effect: The medicine might not work as well as it should. 

●​ Toxic Effects: Impurities can be harmful or toxic, especially if present above certain limits. 

●​ Sensory Changes: They can change the odour, colour, or taste of the drug. 

How can we minimise pharmaceutical impurities? 

●​ Purity of Starting Materials: Always use very pure starting ingredients. 

●​ Optimised Processes: Minimise impurity levels during synthesis and manufacturing. 

●​ Impurity Identification: Identify the chemical structures of impurities. 

●​ Toxicity Studies: Isolate and synthesise impurities to evaluate their potential toxicity. 

●​ Stability Monitoring: Constantly monitor the stability of APIs and drug products (DPs) to 

detect any degradation. 

●​ Proper Storage: Ensure correct storage and stability analysis. 



Tests for Purity: Pharmacopoeias include specific "tests for purity" to detect impurities and set 

limits for how much impurity is acceptable. 

●​ Insoluble Residue: Pure substances dissolve clearly. Cloudiness or opalescence 

indicates insoluble impurities. 

●​ Ash, Water Insoluble Ash: This test checks for inorganic impurities like heavy metals or 

minerals, particularly in crude plant-derived drugs. 

●​ Colour, Odour, and Taste: While limited, these sensory characteristics can give a 

preliminary indication of purity. 

●​ Physico-chemical Constants: Properties like solubility, melting and boiling points, optical 

rotation, and refractive index can help assess a substance's purity. 

●​ Acidity, Alkalinity, and pH: Tests for these properties help estimate impurities arising from 

acids or alkalis used in chemical reactions. 

●​ Anions and Cations: Common impurities like chloride and sulphate ions often result from 

the use of strong acids (hydrochloric, sulphuric, nitric) during synthesis. 

 

Limit Test 

Limit tests are crucial quantitative tests designed to detect and control small quantities of 

specific impurities present in a substance. They are based on comparing the turbidity 

(cloudiness) or colour produced in a sample with that produced in a standard solution. 

Why are Limit Tests important? 

●​ To identify harmful amounts of impurities. 

●​ To determine both avoidable and unavoidable impurities. 

Let's explore some specific limit tests: 

●​ Limit Test for Chloride: 

○​ Principle: This test relies on the reaction between silver nitrate and soluble chloride 

ions in an acidic environment (dilute nitric acid) to form a cloudy precipitate of silver 

chloride (opalescence). The opalescence produced in your sample is then compared 

to a standard solution. If your sample shows less opalescence than the standard, it 

passes the test. 

○​ Chemical Reaction: Cl- + AgNO3 --(Dilute HNO3)--> AgCl (precipitate) + NO3- 



○​ Observation: The sample solution's opalescence should not be greater than that of 

the standard solution. 

●​ Limit Test for Sulphate: 

○​ Principle: This test involves the reaction of soluble sulphate ions with barium 

chloride in the presence of dilute hydrochloric acid to form insoluble barium sulphate, 

which appears as a turbidity. This turbidity is compared to a standard. The barium 

sulphate reagent also contains alcohol, which prevents excessive supersaturation 

and helps in forming a uniform turbidity. 

○​ Chemical Reaction: SO4^2- + BaCl2 --(HCl)--> BaSO4 (precipitate) + 2Cl- 

○​ Reasons: Hydrochloric acid makes the solution acidic, potassium sulphate 

enhances sensitivity, and alcohol helps prevent supersaturation. 

○​ Observation: The sample solution's opalescence should not be greater than that of 

the standard solution. 

●​ Limit Test for Iron: 

○​ Principle: Iron in an ammoniacal (alkaline) solution, in the presence of citric acid 

and thioglycollic acid, forms an iron thioglycolate complex, which is pale pink to deep 

reddish-purple. Thioglycollic acid reduces ferric iron to ferrous iron. Citric acid 

prevents the precipitation of iron by ammonia, keeping it in solution. The colour 

intensity of the sample is compared with a standard. 

○​ Reasons: Citric acid forms a soluble complex with iron, preventing its precipitation 

by ammonia. Thioglycollic acid acts as a reducing agent (Fe(III) to Fe(II)) and then 

forms the coloured complex. Ammonia makes the solution alkaline, which is 

necessary for the colour development. 

○​ Observation: The purple colour produced in the sample solution should not be 

greater than the standard solution. 

●​ Limit Test for Heavy Metals: 

○​ Principle: This test is based on the reaction of metallic impurities with hydrogen 

sulphide in an acidic medium, forming coloured sulphides (typically reddish or 

blackish). The amount of metallic impurities is expressed as parts of lead per million 

(ppm), with the Indian Pharmacopoeia usually setting a limit of 20 ppm. Metals that 

respond to this test include lead, mercury, bismuth, arsenic, antimony, tin, cadmium, 

silver, copper, and molybdenum. 

○​ Chemical Reaction: Heavy Metal + H2S --> Sulphide of Heavy Metal (brownish 

colour) + 2H+ 



○​ Observation: The colour produced in the sample solution should not be greater than 

the standard solution. 

●​ Limit Test for Lead: 

○​ Principle: This test involves a chemical reaction between lead and diphenyl 

thiocarbazone (Dithizone) in an alkaline solution to form a violet-coloured 

lead-dithizone complex. Dithizone itself is green, so the resulting solution turns red. 

Reagents like ammonium citrate, potassium cyanide (KCN), and hydroxylamine 

hydrochloride (NH2OH.HCl) are used to prevent interference from other metals and 

to optimise the pH. 

○​ Observation: The intensity of the red colour in the sample solution should not be 

greater than that of the standard solution.​

 

●​ Limit Test for Arsenic (Gutzeit Test): 
○​ Principle: This test, known as the Gutzeit Test, involves converting all arsenic 

present into arsine gas (AsH3) by reducing it with zinc and hydrochloric acid. The 

arsine gas then reacts with mercuric chloride paper, producing a yellow stain. The 

intensity of this yellow stain is proportional to the amount of arsenic present and is 

compared against a standard stain. The IP typically sets a limit of not more than 2 

ppm (NMT 2 ppm) for arsenic impurities. A special apparatus called the Gutzeit 
apparatus is used for this test. 

○​ Reasons: Stannous chloride is used to ensure the complete evolution of arsine. 

Zinc, potassium iodide, and stannous chloride act as powerful reducing agents. 

Hydrochloric acid makes the solution acidic, which is necessary for the reaction. 

Lead acetate paper is used to trap any hydrogen sulphide gas that might also be 

evolved, preventing it from interfering with the arsenic test. 

○​ Observation: The stain in the sample solution should show lesser intensity than that 

of the standard stain for the sample to pass the limit test. 

 

This concludes our exploration of Unit 1 topics in Pharmaceutical Analysis. You've now gained a 

foundational understanding of what pharmaceutical analysis is, the techniques used, how to 

express concentrations, how to prepare and standardise solutions, the types of errors that can 

occur and how to minimise them, and the vital roles of pharmacopoeias, impurity control, and 

limit tests. Keep learning, and you'll soon become a true detective in the world of medicines! 
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