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1.3.2 Reliability of results and decision-making 

1.3.3 Strategies for minimising and controlling errors 

 

 

 

Introduction 

In analytical chemistry, even the smallest error can affect the accuracy and reliability of results. 

Whether measuring concentrations, weighing samples, or interpreting data, chemists must be 

able to recognise, classify, and manage errors effectively. This Series sets the foundation for the 

course by showing how errors arise, how they can be treated statistically, and why their 

implications matter in laboratory practice. By learning these concepts, you will be better 

prepared to handle real analytical problems with confidence and precision. 

The aim of this Series is to equip you with the ability to define and classify errors, apply 

statistical tools to data treatment, and evaluate the impact of errors on laboratory analysis. 

We shall commence this Series by exploring the nature and types of errors, including systematic, 

random, and gross errors. Next, we will move on to statistical tools for data treatment, where you 

will learn about measures of central tendency, dispersion, and confidence limits. Finally, we will 
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wrap up by considering the implications of errors in laboratory analysis, focusing on accuracy, 

precision, and strategies for minimising errors. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

define error in analytical chemistry, 

classify errors into systematic, random, and gross types, 

identify common sources of errors in laboratory practice, 

describe measures of central tendency such as mean, median, and mode, 

explain measures of dispersion including range, variance, and standard deviation, 

apply confidence limits and significance tests to analytical data, 

analyse the implications of errors on accuracy and precision in laboratory analysis, 

evaluate strategies for minimising and controlling errors in analytical processes. 

 

1.1 Nature And Types Of Errors 

1.1.1 Definition of error in analysis 

In analytical chemistry, an error is the difference between the measured value and the true value 

of a quantity. Errors are unavoidable in laboratory work, but their recognition and management 

are essential for producing reliable results. Errors may arise from limitations in instruments, 

human mistakes, or environmental conditions. 

Fill in the blank: An error is the difference between the __________ value and the true value of a 

measurement. 

 

1.1.2 Classification of errors: systematic, random, and gross errors 

Errors can be classified into three main categories: 

Systematic errors are consistent and reproducible inaccuracies caused by faulty instruments, 
incorrect calibration, or biased experimental methods. They affect accuracy but can often be 
identified and corrected. 

Random errors are unpredictable variations that occur due to uncontrollable factors such as slight 
changes in temperature or human judgement. They affect precision and can be minimised by 
repeated measurements. 

Gross errors are large mistakes usually due to human negligence, such as recording wrong readings 
or spilling samples. These can be avoided with careful practice and attention. 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Fill in the blank: Errors that occur due to faulty calibration of instruments are called __________ 

errors. 

 

Figure 1.1 – Classification of Errors in Experimental Work 

1.1.3 Sources and examples of errors in laboratory practice 

Errors in laboratory analysis may arise from several sources. Instrumental errors occur when 

equipment is poorly calibrated or malfunctioning. Environmental errors result from changes in 

temperature, humidity, or contamination. Personal errors are linked to human judgement, such as 

parallax error when reading scales. 

For example, using a balance that is not zeroed correctly introduces systematic error, while 

inconsistent timing in titration may lead to random error. 

Fill in the blank: Reading a scale incorrectly due to parallax is an example of __________ error. 

 

Pilot questions 1.1 

Define error in analytical chemistry. 
State the three main types of errors. 
Give one example of a systematic error. 
What type of error is caused by parallax when reading a scale? 
Mention one environmental factor that can lead to random error. 
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1.2 Statistical Tools For Data Treatment 

1.2.1 Measures of central tendency 

Measures of central tendency are statistical values that describe the centre or typical value of a 

dataset. The three common measures are: 

Mean: the arithmetic average of a set of values. 
Median: the middle value when data is arranged in order. 
Mode: the most frequently occurring value in a dataset. 

These measures help chemists summarise large sets of experimental data into a single 

representative value. 

Fill in the blank: The most frequently occurring value in a dataset is called the __________. 

 

Measure  Definition Example 

Mean 
The arithmetic average of a set of values, calculated by 

dividing the sum of all values by the number of values. 

For the dataset 2, 4, 6, 8: 

Mean = (2+4+6+8)/4 = 5 

Median 

The middle value when the data is arranged in ascending or 

descending order. If there is an even number of values, the 

median is the average of the two middle values. 

For the dataset 1, 3, 5, 7, 

9: Median = 5 

Mode The most frequently occurring value in a dataset. 
For the dataset 2, 4, 4, 6, 

8: Mode = 4 

Table 1.2 Measures of central tendency with definitions and examples 

 

1.2.2 Measures of dispersion 

Measures of dispersion describe how spread out the data values are around the central 

tendency. They indicate the variability or consistency of results. 

Range: the difference between the highest and lowest values. 
Variance: the average of the squared differences from the mean. 
Standard deviation: the square root of the variance, showing how much values deviate from the 

mean. 

These measures are crucial in analytical chemistry because they reveal the reliability of repeated 

measurements. 
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Fill in the blank: The square root of variance is called the __________.

 

Figure 1.2 Representation of data spread and standard deviation 

 

 

1.2.3 Confidence limits and significance tests 

Confidence limits are statistical ranges within which the true value of a measurement is 

expected to lie, with a certain level of probability (often 95%). They provide assurance about the 

reliability of data. 

Significance tests are statistical procedures used to determine whether observed differences in 

data are due to chance or represent real effects. Common tests include the t-test and chi-square 

test. These tools are essential for validating analytical results and making sound scientific 

conclusions. 

Fill in the blank: A confidence limit of 95% means that the true value lies within the range 

__________ of the time. 

 

Pilot questions 1.2 

Define mean, median, and mode. 
State one measure of dispersion and explain its meaning. 
What is the square root of variance called? 
What does a 95% confidence limit imply? 
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Name one statistical test used to determine whether differences in data are significant. 

 

1.3 Implications Of Errors In Laboratory Analysis 

1.3.1 Accuracy and precision in analytical chemistry 

Accuracy refers to how close a measured value is to the true value, while precision describes 

how close repeated measurements are to each other. Both are essential in analytical chemistry, 

but they are not the same. A set of results can be precise without being accurate if systematic 

errors are present. 

For example, if a balance consistently reads 0.2 g higher than the true mass, repeated 

measurements will be precise but inaccurate. 

Fill in the blank: When repeated measurements are close to each other but not close to the true 

value, the results are __________ but not accurate.

 

Figure 1.3 Accuracy versus precision in analytical chemistry 

 

 

1.3.2 Reliability of results and decision-making 

Reliability in analytical chemistry means that results can be trusted to inform scientific or 

industrial decisions. Errors reduce reliability, leading to incorrect conclusions or poor-quality 
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products. For instance, unreliable data in pharmaceutical analysis could result in ineffective or 

unsafe medicines. 

Reliability depends on minimising both random and systematic errors, ensuring that results are 

consistent and valid. 

Fill in the blank: Results that can be trusted to inform decisions are described as __________. 

 

1.3.3 Strategies for minimising and controlling errors 

Errors cannot be completely eliminated, but they can be minimised through careful practice. 

Strategies include: 

Regular calibration of instruments to reduce systematic errors. 
Repetition of measurements to average out random errors. 
Proper training and attentiveness to avoid gross errors. 
Maintaining controlled laboratory conditions to reduce environmental influences. 

By applying these strategies, chemists improve both accuracy and precision, thereby enhancing 

the reliability of their results. 

Fill in the blank: Repeating measurements to average out random variations is a strategy for 

minimising __________ errors. 

 

Pilot questions 1.3 

Define accuracy and precision in analytical chemistry. 
What type of error can cause results to be precise but not accurate? 
Why is reliability important in laboratory analysis? 
State one strategy for minimising systematic errors. 
Give one example of how errors can affect decision-making in industry. 

 

 

 

Series Summary 

This Series has introduced you to the essential role of errors and statistics in analytical chemistry. 

Its purpose was to help you recognise how errors arise, how they can be classified, and why their 

management is crucial for producing reliable results. By working through the content, you have 

seen how statistical tools provide a framework for treating data and how the implications of 

errors affect accuracy, precision, and decision-making in laboratory practice. 

We began by examining the nature and types of errors, including systematic, random, and gross 

errors. Then we moved on to statistical tools for data treatment, focusing on measures of central 

tendency, dispersion, and confidence limits. Finally, we considered the implications of errors in 
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laboratory analysis, highlighting accuracy, precision, reliability, and strategies for minimising 

mistakes. In line with the Series Learning Outcomes, you should now be able to define and 

classify errors, apply statistical tools to data, and evaluate their impact on laboratory results, 

equipping you with the skills to produce trustworthy and scientifically valid analyses. 

 

Concept Check Questions [Series 1] 

Objective questions 

Define error in analytical chemistry. (Linked to SLO 1.1) 

Identify the three main types of errors. (Linked to SLO 1.2) 

State the most frequently occurring value in a dataset. (Linked to SLO 1.4) 

What is the square root of variance called? (Linked to SLO 1.5) 

Which statistical test is commonly used to compare two sets of data? (Linked to SLO 1.6) 

Short-answer questions 

6. Explain the difference between systematic and random errors. (Linked to SLO 1.2) 

7. Describe one source of error in laboratory practice. (Linked to SLO 1.3) 

8. Give one example of a measure of dispersion and explain its significance. (Linked to SLO 1.5) 

9. What does a 95% confidence limit imply in data analysis? (Linked to SLO 1.6) 

10. Why is reliability important in laboratory analysis? (Linked to SLO 1.7) 

Long-answer questions 

11. Analyse the implications of systematic and random errors on accuracy and precision. (Linked 

to SLO 1.7) 

12. Evaluate strategies for minimising errors in laboratory analysis. (Linked to SLO 1.8) 

13. Describe the role of statistical tools in ensuring valid analytical results. (Linked to SLO 1.4, 

SLO 1.5, SLO 1.6) 

 

Answers to Concept Check Questions [Series 1] 

Objective questions 

An error is the difference between the measured value and the true value. 

Systematic, random, and gross errors. 

Mode. 

Standard deviation. 

t-test. 

Short-answer questions 

6. Systematic errors are consistent and reproducible, often due to faulty instruments, while 

random errors are unpredictable variations caused by uncontrollable factors. 
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7. Parallax error when reading a scale. 

8. Standard deviation, which shows how much values deviate from the mean, indicating 

reliability of results. 

9. It means the true value lies within the calculated range 95% of the time. 

10. Reliability ensures that results can be trusted for scientific or industrial decision-making. 

Long-answer questions 

11. Basic response: Systematic errors reduce accuracy, while random errors reduce precision. 

Value-added response: Systematic errors can be corrected through calibration, while random 

errors can be reduced by repeated measurements. Together, they determine the overall quality of 

analytical results. 

Basic response: Strategies include calibration of instruments, repetition of measurements, and 

careful laboratory practice. 

Value-added response: Advanced strategies also involve statistical validation, use of control 

samples, and maintaining controlled environmental conditions to minimise external influences. 

Basic response: Statistical tools such as mean, variance, and confidence limits summarise data 

and validate results. 

Value-added response: Beyond summarising, these tools allow chemists to detect anomalies, 

assess reliability, and make informed decisions, ensuring that analytical results are scientifically 

valid and applicable in real-world contexts. 

 

 

Answers to Pilot Questions [Series 1] 

Part 1 Nature and types of errors 

An error is the difference between the measured value and the true value. 

Systematic, random, and gross errors. 

Faulty calibration of instruments. 

Personal error. 

Changes in temperature or humidity. 

Part 2 Statistical tools for data treatment 

Mean, median, and mode. 

Range, which is the difference between the highest and lowest values. 

Standard deviation. 

The true value lies within the calculated range 95% of the time. 

t-test. 

Part 3 Implications of errors in laboratory analysis 
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Accuracy is closeness to the true value, while precision is closeness of repeated 

measurements to each other. 

Systematic error. 

Reliability ensures results can be trusted for scientific or industrial decision-making. 

Regular calibration of instruments. 

Errors in pharmaceutical analysis can lead to unsafe or ineffective medicines. 

 

 

Series 2: Principles and Techniques of 

Sampling 

Part 1 Fundamentals of sampling 

2.1.1 Definition of sampling in analytical chemistry 

2.1.2 Importance and objectives of sampling 

2.1.3 Consequences of poor sampling 

Part 2 Sampling techniques 

2.2.1 Random sampling 

2.2.2 Stratified sampling 

2.2.3 Systematic sampling 

2.2.4 Composite sampling 

Part 3 Sample collection and processing 

2.3.1 Methods of sample collection in field and laboratory 

2.3.2 Preservation and storage of samples 

2.3.3 Preparation and processing of samples for analysis 

 

 

 

Introduction 

In analytical chemistry, the quality of results depends not only on the accuracy of instruments but 

also on the way samples are collected and prepared. A poorly chosen or mishandled sample can 

lead to misleading conclusions, no matter how precise the subsequent analysis may be. This 

Series highlights the principles and techniques of sampling, showing why it is a critical step in 

ensuring that laboratory findings truly represent the material under investigation. 
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The aim of this Series is to equip you with the knowledge and skills to define sampling, explain 

its importance, describe different sampling techniques, and apply appropriate methods of sample 

collection and processing in analytical practice. 

We shall commence this Series by exploring the fundamentals of sampling, including its 

definition, objectives, and the consequences of poor sampling. Next, we will move on to 

sampling techniques, where you will study random, stratified, systematic, and composite 

approaches. Finally, we will wrap up by examining sample collection and processing, focusing 

on methods of collection, preservation, storage, and preparation for analysis. In conclusion, this 

Series will provide you with a solid foundation for handling samples effectively, ensuring that 

your analytical results are both valid and reliable. 

 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

define sampling in analytical chemistry, 

explain the importance and objectives of sampling, 

analyse the consequences of poor sampling on analytical results, 

describe the principles of random, stratified, systematic, and composite sampling techniques, 

demonstrate appropriate methods of sample collection in both field and laboratory contexts, 

apply suitable procedures for preserving and storing samples, 

evaluate strategies for preparing and processing samples prior to analysis. 

 

2.1 Fundamentals Of Sampling 

2.1.1 Definition of sampling in analytical chemistry 

Sampling is the process of selecting a portion of material from a larger bulk for the purpose of 

analysis. It ensures that the chosen portion represents the whole, allowing conclusions to be 

drawn about the entire material. In analytical chemistry, sampling is the first and most critical 

step, because even the most accurate instruments cannot correct for a poorly chosen sample. 

Fill in the blank: Sampling is the process of selecting a __________ of material from a larger 

bulk for analysis. 

 

2.1.2 Importance and objectives of sampling 

The importance of sampling lies in its ability to ensure that analytical results are meaningful and 

reliable. The objectives of sampling include: 
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Obtaining a representative portion of the bulk material. 
Ensuring that the sample reflects the physical and chemical properties of the whole. 
Minimising bias and errors during analysis. 
Providing material that can be handled conveniently in the laboratory. 

For example, in environmental analysis, a water sample taken from a polluted river must 

represent the overall condition of the river, not just one isolated spot. 

Fill in the blank: The main objective of sampling is to obtain a __________ portion of the bulk 

material. 

 

2.1.3 Consequences of poor sampling 

Poor sampling can lead to misleading results, wasted resources, and incorrect decisions. If the 

sample does not represent the bulk material, the analysis will not reflect reality. This can have 

serious consequences in fields such as medicine, food safety, and environmental monitoring. 

For instance, if a pharmaceutical batch is tested using a non-representative sample, unsafe drugs 

may be released to the market. Similarly, poor sampling in soil analysis may lead to incorrect 

fertiliser recommendations. 

Fill in the blank: Poor sampling can lead to __________ results and incorrect decisions. 

Pilot questions 2.1 

Define sampling in analytical chemistry. 
State two objectives of sampling. 
What is the main objective of sampling? 
Give one example of poor sampling in pharmaceutical analysis. 
Mention one consequence of poor sampling in environmental monitoring. 

 

 

 

2.2 Sampling Techniques 

2.2.1 Random sampling 

Random sampling is a technique where each portion of the bulk material has an equal chance of 

being selected. This method reduces bias and is often used when the material is homogeneous. It 

is simple to apply but may not always capture variations in heterogeneous materials. 

Fill in the blank: In random sampling, each portion of the bulk material has an equal __________ 

of being selected. 

 

2.2.2 Stratified sampling 
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Stratified sampling involves dividing the bulk material into distinct layers or groups, called 

strata, and then taking samples from each stratum. This ensures that variations within the bulk 

are represented. It is particularly useful when the material is heterogeneous, such as soil layers or 

different sections of a food batch. 

Fill in the blank: Stratified sampling ensures that variations within the bulk are __________ in 

the sample.

 

Figure 2.3 Stratified sampling in analytical chemistry 

 

 

 

2.2.3 Systematic sampling 

Systematic sampling is a method where samples are taken at regular intervals from the bulk 

material. This technique is easy to apply and ensures coverage across the material. However, if 

there is a hidden pattern in the bulk, systematic sampling may introduce bias. 

Fill in the blank: In systematic sampling, samples are taken at regular __________ from the bulk 

material. 

2.2.4 Composite sampling 

Composite sampling involves combining several individual samples into one mixed sample for 

analysis. This method reduces the number of analyses required and provides an average 

representation of the bulk material. However, it may mask variations between individual 

portions. 

Fill in the blank: Composite sampling involves combining several __________ samples into one 

mixed sample for analysis. 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Table 2.2 Comparison of Sampling Techniques 

Sampling 

technique 
Definition Advantages Limitations 

Random 

sampling 

Each portion of the bulk 

material has an equal 

chance of being selected. 

Simple to apply, reduces 

bias, fair representation in 

homogeneous materials. 

May miss important 

variations in 

heterogeneous materials. 

Stratified 

sampling 

The bulk material is 

divided into distinct layers 

(strata) and samples are 

taken from each. 

Ensures variations are 

represented, improves 

accuracy in heterogeneous 

materials. 

More complex to design 

and requires prior 

knowledge of strata. 

Systematic 

sampling 

Samples are taken at 

regular intervals from the 

bulk material. 

Easy to apply, ensures 

coverage across the 

material. 

May introduce bias if 

hidden patterns exist in 

the material. 

Composite 

sampling 

Several individual samples 

are combined into one 

mixed sample for analysis. 

Reduces number of 

analyses, provides average 

representation of the bulk. 

Masks variations between 

individual samples, may 

overlook extremes. 

Pilot questions 2.2 

Define random sampling. 
What is the main advantage of stratified sampling? 
At what intervals are samples taken in systematic sampling? 
State one limitation of systematic sampling. 
What is the main feature of composite sampling? 

 

2.3 Sample Collection And Processing 

2.3.1 Methods of sample collection in field and laboratory 

Sample collection refers to the procedures used to obtain material for analysis from its source. In 

the field, this may involve collecting soil, water, or air samples, while in the laboratory it could 

mean drawing portions from bulk chemicals or prepared mixtures. The method chosen must 

ensure that the sample is representative of the whole and free from contamination. 

For example, water samples should be collected in clean containers at different points in a river 

to reflect overall conditions. Soil samples may be taken from varying depths to capture 

differences in composition. 

Fill in the blank: The method of sample collection must ensure that the sample is __________ of 

the whole material. 
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Figure 2.4 Methods of sample collection in field and laboratory 

 

 

2.3.2 Preservation and storage of samples 

Preservation is the process of treating or handling a sample to prevent changes in its 

composition before analysis. Storage refers to keeping the sample under suitable conditions until 

it is analysed. These steps are vital because chemical and biological changes can occur quickly, 

leading to inaccurate results. 

For instance, water samples may require refrigeration to slow microbial growth, while air 

samples may need sealed containers to prevent loss of volatile compounds. Soil samples should 

be dried or kept in airtight bags to avoid moisture changes. 
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Fill in the blank: Preservation prevents changes in a sample’s __________ before analysis.

 

Plate 2.2 Preservation and storage of samples in laboratory practice 

 

 

2.3.3 Preparation and processing of samples for analysis 

Sample preparation involves steps taken to make the sample suitable for analysis, while 

processing refers to the physical or chemical treatment applied to achieve uniformity. These may 

include drying, grinding, sieving, dissolving, or homogenising the sample. Proper preparation 

ensures that the portion analysed truly represents the bulk material. 

For example, food samples may be homogenised to ensure even distribution of nutrients or 

contaminants. Soil samples may be ground and sieved to remove stones and achieve uniform 

particle size. 

Fill in the blank: Sample preparation ensures that the portion analysed truly __________ the bulk 

material. 

 

Pilot questions 2.3 

Define sample collection in analytical chemistry. 
State one method of collecting soil samples in the field. 
What is the purpose of preservation in sample handling? 
Give one example of storage conditions for water samples. 
Mention two techniques used in sample preparation. 
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Series Summary 

This Series has highlighted the importance of sampling as the foundation of reliable analytical 

chemistry. Its purpose was to show how proper sampling ensures that laboratory results truly 

represent the material under investigation, making them valid and trustworthy. By working 

through the content, you have seen why sampling is critical, how different techniques are 

applied, and how collected samples must be preserved and processed to maintain their integrity. 

We began with the fundamentals of sampling, focusing on its definition, objectives, and the 

consequences of poor practice. Then we explored sampling techniques, including random, 

stratified, systematic, and composite approaches, each with its strengths and limitations. Finally, 

we examined sample collection and processing, covering methods of collection, preservation, 

storage, and preparation for analysis. In line with the Series Learning Outcomes, you should now 

be able to define and explain sampling, describe and apply appropriate techniques, and evaluate 

strategies for handling samples effectively, ensuring that your analytical results are both 

representative and dependable. 

 

Concept Check Questions [Series 2] 

Objective questions 

Define sampling in analytical chemistry. (Linked to SLO 2.1) 

State the main objective of sampling. (Linked to SLO 2.2) 

Identify one consequence of poor sampling. (Linked to SLO 2.3) 

Which sampling technique involves dividing material into layers or groups? (Linked to SLO 

2.4) 

What is the process of treating a sample to prevent changes before analysis called? (Linked 

to SLO 2.6) 

Short-answer questions 

6. Explain why representativeness is important in sampling. (Linked to SLO 2.2) 

7. Describe one limitation of systematic sampling. (Linked to SLO 2.4) 

8. Give one example of how samples may be preserved before analysis. (Linked to SLO 2.6) 

9. Mention two techniques used in sample preparation. (Linked to SLO 2.7) 

10. Why is composite sampling sometimes preferred in analytical practice? (Linked to SLO 2.4) 

Long-answer questions 

11. Analyse the consequences of poor sampling in pharmaceutical and environmental contexts. 

(Linked to SLO 2.3) 

12. Evaluate the strengths and weaknesses of random, stratified, systematic, and composite 

sampling techniques. (Linked to SLO 2.4) 
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13. Describe the role of sample collection, preservation, and preparation in ensuring reliable 

analytical results. (Linked to SLO 2.5, SLO 2.6, SLO 2.7) 

 

Answers to Concept Check Questions [Series 2] 

Objective questions 

Sampling is the process of selecting a portion of material from a larger bulk for analysis. 

To obtain a representative portion of the bulk material. 

Misleading results. 

Stratified sampling. 

Preservation. 

Short-answer questions 

6. Representativeness ensures that the sample reflects the true properties of the bulk material, 

making results valid. 

7. Systematic sampling may introduce bias if there is a hidden pattern in the material. 

8. Refrigerating water samples to slow microbial growth. 

9. Drying and grinding. 

10. It reduces the number of analyses required and provides an average representation of the bulk 

material. 

Long-answer questions 

11. Basic response: Poor sampling in pharmaceuticals may lead to unsafe drugs being released, 

while in environmental monitoring it may give a false impression of pollution levels. 

Value-added response: Beyond these, poor sampling wastes resources, undermines trust in 

scientific results, and can have serious social and economic consequences, such as health risks or 

poor policy decisions. 

Basic response: Random sampling reduces bias, stratified sampling ensures variations are 

represented, systematic sampling is simple but may introduce bias, and composite sampling 

reduces analyses but may hide variations. 

Value-added response: Outstanding learners may also note that the choice of technique depends 

on the material’s nature, the purpose of analysis, and available resources, and that combining 

techniques can sometimes improve representativeness. 

Basic response: Collection ensures representativeness, preservation prevents changes before 

analysis, and preparation makes the sample suitable for testing. 

Value-added response: In addition, learners may highlight that proper handling reduces 

contamination, maintains integrity, and supports reproducibility, which are essential for scientific 

validity and industrial decision-making. 
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Answers to Pilot Questions [Series 2] 

Part 2.1 Fundamentals of sampling 

Sampling is the process of selecting a portion of material from a larger bulk for analysis. 

To obtain a representative portion of the bulk material and to minimise bias. 

A representative portion. 

Testing a pharmaceutical batch using a non-representative sample. 

Giving a false impression of pollution levels in a river. 

Part 2.2 Sampling techniques 

Random sampling is a technique where each portion of the bulk material has an equal chance 

of being selected. 

It ensures that variations within the bulk are represented. 

At regular intervals. 

It may introduce bias if there is a hidden pattern in the material. 

Several individual samples are combined into one mixed sample for analysis. 

Part 2.3 Sample collection and processing 

Sample collection is the procedure used to obtain material for analysis from its source. 

By taking soil samples from varying depths. 

To prevent changes in the sample’s composition before analysis. 

Refrigeration to slow microbial growth. 

Drying and grinding. 

 

 

Series 3: Volumetric Methods of Analysis 

Part 1 Fundamentals of volumetric analysis 

3.1.1 Definition and principles of volumetric analysis 

3.1.2 Importance and applications in analytical chemistry 

3.1.3 Common apparatus and units of measurement 

Part 2 Types of volumetric methods 

3.2.1 Acid–base titrations 

3.2.2 Redox titrations 

3.2.3 Complexometric titrations 

3.2.4 Precipitation titrations 
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Part 3 Procedures and calculations in volumetric analysis 

3.3.1 Preparation of standard solutions 

3.3.2 Indicators and end-point detection 

3.3.3 Stoichiometric calculations in titration 

3.3.4 Sources of error and precautions 

 

 

 

Introduction 

In the last Series, we explored the principles and techniques of sampling, emphasising how the 

quality of analytical results depends on the representativeness of the sample. Building on that 

foundation, this Series turns to volumetric methods of analysis, one of the most widely used 

approaches in analytical chemistry. Volumetric analysis is central to laboratory practice because 

it provides a reliable, straightforward, and quantitative way of determining the concentration of 

substances through titration. Its relevance spans pharmaceuticals, food science, environmental 

monitoring, and industrial quality control. 

The aim of this Series is to introduce you to the principles, types, and procedures of volumetric 

analysis, and to equip you with the skills needed to carry out titrations accurately, interpret 

results, and recognise sources of error. 

We shall commence this Series by examining the fundamentals of volumetric analysis, including 

its definition, principles, importance, and the apparatus used. Next, we will move on to the 

different types of volumetric methods, such as acid–base, redox, complexometric, and 

precipitation titrations. Finally, we will wrap up by considering the practical procedures and 

calculations involved, including the preparation of standard solutions, the use of indicators, 

stoichiometric calculations, and precautions to minimise errors. In conclusion, this Series will 

provide you with both the theoretical understanding and practical competence required to apply 

volumetric methods effectively in analytical chemistry. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

define volumetric analysis and explain its underlying principles, 

describe the importance and applications of volumetric methods in analytical chemistry, 

identify common apparatus and units of measurement used in volumetric analysis, 

explain the procedures involved in acid–base titrations, 

demonstrate how redox titrations are carried out, 
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apply complexometric titrations to determine metal ion concentrations, 

describe the process of precipitation titrations and their applications, 

prepare standard solutions accurately for use in titrations, 

use indicators effectively to detect end-points in titrations, 

perform stoichiometric calculations to determine concentrations from titration data, and 

evaluate sources of error in volumetric analysis and suggest appropriate precautions. 

 

 

3.1 Fundamentals Of Volumetric Analysis 

3.1.1 Definition and principles of volumetric analysis 

Volumetric analysis is a quantitative analytical method in which the concentration of a 

substance is determined by measuring the volume of a solution of known concentration required 

to react completely with the analyte. The process is based on the principle of stoichiometry, 

where the reacting substances combine in fixed ratios according to their chemical equations. 

This method is widely used because it is simple, accurate, and suitable for routine laboratory 

work. It relies on careful measurement of volumes and precise detection of the reaction’s end-

point. 

Fill in the blank: Volumetric analysis determines the concentration of a substance by measuring 

the __________ of a solution of known concentration. 

 

3.1.2 Importance and applications in analytical chemistry 

Volumetric analysis is important because it provides a reliable way to determine concentrations 

in solutions. Its applications span across many fields: 

In pharmaceuticals, it ensures drugs contain the correct dosage of active ingredients. 
In food chemistry, it helps monitor acidity, salt content, or preservatives. 
In environmental science, it is used to measure pollutants such as chlorine in water or sulphur 

dioxide in air. 
In industrial quality control, it checks raw materials and finished products for compliance with 

standards. 

Fill in the blank: Volumetric analysis is widely applied in pharmaceuticals, food chemistry, 

environmental science, and __________ quality control. 

 

3.1.3 Common apparatus and units of measurement 

Volumetric analysis requires specific apparatus designed for accurate measurement of liquids. 

The most common include: 

Burette: A long, graduated tube used to deliver precise volumes of titrant. 
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Pipette: A calibrated tube used to measure and transfer exact volumes of solution. 
Conical flask: A container where the reaction takes place, usually with the analyte and indicator. 
Volumetric flask: A flask calibrated to contain a precise volume, used for preparing standard 

solutions. 

The units of measurement are typically expressed in moles per litre (mol/L), also known as 

molarity, which indicates the concentration of a solution. 

Fill in the blank: The concentration of a solution in volumetric analysis is usually expressed in 

__________ per litre. 

 

Figure 3.1: an image showing burette, pipette, conical flask, and volumetric flask used in 

volumetric analysis.

 

Pilot questions 3.1 

Define volumetric analysis. 
State the principle on which volumetric analysis is based. 
Mention two applications of volumetric analysis. 
Name two common apparatus used in volumetric analysis. 
In what unit is solution concentration usually expressed in volumetric analysis? 

 

3.2 Types Of Volumetric Methods 

3.2.1 Acid–base titrations 
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Acid–base titration is a volumetric method where an acid reacts with a base in a neutralisation 

reaction. The concentration of one solution is determined by reacting it with another solution of 

known concentration. An indicator is often used to show the end-point, which is the stage at 

which neutralisation is complete. 

For example, hydrochloric acid can be titrated against sodium hydroxide using phenolphthalein 

as an indicator. 

Fill in the blank: Acid–base titration involves a __________ reaction between an acid and a base. 

 

Figure 3.2 – Acid–Base Titration Setup 

3.2.2 Redox titrations 

Redox titration is based on oxidation–reduction reactions, where electrons are transferred 

between reactants. The titrant and analyte must be chosen so that the reaction is rapid and 

complete. Indicators such as potassium permanganate (which is self-indicating due to its colour 

change) are commonly used. 

A typical example is the titration of iron(II) ions with potassium permanganate solution. 

Fill in the blank: Redox titrations are based on __________ reactions involving electron transfer. 
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3.2.3 Complexometric titrations 

Complexometric titration involves the formation of a complex between the analyte and the 

titrant. A common example is the use of EDTA (ethylenediaminetetraacetic acid) to determine 

metal ion concentrations. Indicators such as Eriochrome Black T are used to signal the end-point 

by changing colour when the metal ions are fully complexed. 

This method is widely applied in water hardness determination, where calcium and magnesium 

ions are measured. 

Fill in the blank: Complexometric titrations often use __________ as a titrant to determine metal 

ion concentrations. 

 

3.2.4 Precipitation titrations 

Precipitation titration is a method where the reaction between titrant and analyte produces an 

insoluble precipitate. The end-point is detected using indicators that respond to the disappearance 

or appearance of ions. 

A common example is the Mohr’s method, where silver nitrate is titrated against chloride ions, 

forming a precipitate of silver chloride. Potassium chromate is used as an indicator, producing a 

red silver chromate precipitate at the end-point. 

Fill in the blank: In precipitation titrations, the reaction produces an insoluble __________. 

 

Pilot questions 3.2 

What type of reaction occurs in acid–base titrations? 
State one example of a redox titration. 
Which titrant is commonly used in complexometric titrations? 
What is formed in precipitation titrations? 
Mention one application of complexometric titrations. 

 

3.3 Procedures And Calculations In Volumetric Analysis 

3.3.1 Preparation of standard solutions 

A standard solution is a solution of accurately known concentration, prepared by dissolving a 

precise amount of solute in a definite volume of solvent. Standard solutions are essential in 

volumetric analysis because they serve as the reference against which unknown concentrations 

are measured. 

There are two types: 

Primary standard solution: Prepared from a substance that is pure, stable, and easily weighed, such 
as sodium carbonate. 
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Secondary standard solution: Standardised against a primary standard because the solute may not 
be pure or stable. 

Fill in the blank: A primary standard solution is prepared from a substance that is pure, 

__________, and easily weighed.

 

                             Figure 3.3 Preparation of a standard solution 

 

 

3.3.2 Indicators and end-point detection 

An indicator is a substance that changes colour at or near the equivalence point of a titration, 

signalling that the reaction is complete. The end-point is the stage at which the indicator shows 

the change, ideally coinciding with the equivalence point. 

Different titrations require different indicators. For example, phenolphthalein is used in acid–

base titrations, while starch is used in iodine-based redox titrations. 

Fill in the blank: The end-point of a titration is ideally the same as the __________ point. 
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Figure 3.4 – Indicators and End-Point Detection in Titrations 

 

3.3.3 Stoichiometric calculations in titration 

Stoichiometry in Titration 

Stoichiometry refers to the quantitative relationship between reactants and products in a 

chemical reaction. In titration, stoichiometric calculations are used to determine the 

concentration of an unknown solution from the volume of titrant required to reach the end-point. 

The general formula applied is: 

C₁V₁ = C₂V₂ 

Where: 
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C₁ = concentration of the titrant 

V₁ = volume of the titrant 

C₂ = concentration of the analyte (unknown solution) 

V₂ = volume of the analyte, adjusted for the reaction ratio 

Fill in the blank: Stoichiometric calculations in titration are based on the relationship between 

__________ and products in a chemical reaction. 

 

3.3.4 Sources of error and precautions 

Errors in volumetric analysis can arise from several sources: 

Instrumental errors: Inaccurate calibration of burettes or pipettes. 
Procedural errors: Misreading the meniscus or inconsistent titration technique. 
Chemical errors: Impure reagents or unstable solutions. 

Precautions include rinsing apparatus with the solutions to be used, reading the meniscus at eye 

level, and performing multiple titrations to obtain concordant results. 

Fill in the blank: One precaution in volumetric analysis is to read the __________ at eye level. 

 

Source of error Description Precaution to minimise error 

Instrumental 

errors 

Inaccurate calibration of burettes, 

pipettes, or volumetric flasks. 

Use properly calibrated apparatus and 

check equipment regularly. 

Procedural 

errors 

Misreading the meniscus, 

inconsistent titration technique, or 

poor rinsing of apparatus. 

Read the meniscus at eye level, practise 

consistent technique, and rinse apparatus 

with the solutions to be used. 

Chemical errors 

Impure reagents, unstable 

solutions, or incorrect preparation 

of standard solutions. 

Use pure substances for primary 

standards, prepare fresh solutions when 

necessary, and store reagents properly. 

Environmental 

errors 

Temperature fluctuations or 

contamination from surroundings. 

Conduct titrations under stable laboratory 

conditions and protect samples from 

contamination. 

Human errors 
Recording wrong readings or 

rushing through titrations. 

Take careful measurements, repeat 

titrations to obtain concordant results, and 

avoid distractions. 

Table 3.3 Common Sources of Error and Precautions in Volumetric Analysis 

 

Pilot questions 3.3 

Define a standard solution. 
State one example of a primary standard substance. 
What is the role of an indicator in titration? 
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Write the general formula used in stoichiometric calculations for titration. 
Mention one precaution to minimise error in volumetric analysis. 

 

 

 

Series Summary 

This Series has focused on volumetric methods of analysis, a cornerstone of quantitative 

chemistry that enables accurate determination of concentrations through titration. Its purpose was 

to equip you with both the theoretical principles and practical skills needed to carry out 

volumetric analysis effectively, highlighting its relevance in pharmaceuticals, food chemistry, 

environmental monitoring, and industrial quality control. 

We began with the fundamentals, defining volumetric analysis, explaining its principles, and 

identifying the apparatus and units of measurement. Then we explored the different types of 

volumetric methods, including acid–base, redox, complexometric, and precipitation titrations, 

each with its specific applications. Finally, we examined the procedures and calculations 

involved, covering the preparation of standard solutions, the use of indicators, stoichiometric 

calculations, and precautions to minimise errors. In line with the Series Learning Outcomes, you 

should now be able to define and explain volumetric analysis, describe and apply the major 

titration methods, prepare and use standard solutions, perform accurate calculations, and evaluate 

sources of error to ensure reliable analytical results. 

 

Concept Check Questions [Series 3] 

Objective questions 

Define volumetric analysis. (Linked to SLO 3.1) 

State one application of volumetric analysis in pharmaceuticals. (Linked to SLO 3.2) 

Identify the apparatus used to deliver precise volumes of titrant. (Linked to SLO 3.3) 

Which type of titration involves electron transfer reactions? (Linked to SLO 3.5) 

Write the general formula used in stoichiometric titration calculations. (Linked to SLO 3.10) 

Short-answer questions 

6. Explain why indicators are important in titration. (Linked to SLO 3.9) 

7. Describe one limitation of composite sampling in volumetric analysis. (Linked to SLO 3.7) 

8. Give one example of a primary standard substance. (Linked to SLO 3.8) 

9. Mention one precaution to minimise error in volumetric analysis. (Linked to SLO 3.11) 

10. State one application of complexometric titrations. (Linked to SLO 3.6) 

Long-answer questions 

11. Analyse the importance of volumetric analysis in environmental monitoring and food 

chemistry. (Linked to SLO 3.2) 
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12. Evaluate the strengths and weaknesses of acid–base, redox, complexometric, and 

precipitation titrations. (Linked to SLOs 3.4–3.7) 

13. Describe the procedures involved in preparing standard solutions, detecting end-points, and 

performing stoichiometric calculations. (Linked to SLOs 3.8–3.10) 

14. Discuss common sources of error in volumetric analysis and suggest precautions to minimise 

them. (Linked to SLO 3.11) 

 

Answers to Concept Check Questions [Series 3] 

Objective questions 

Volumetric analysis is a quantitative method that determines concentration by measuring the 

volume of a solution of known concentration required to react with the analyte. 

Ensuring drugs contain the correct dosage of active ingredients. 

Burette. 

Redox titration. 
C₁V₁ = C₂V₂ 

Short-answer questions 

6. Indicators signal the end-point of a titration by changing colour, ensuring accurate detection of 

completion. 

7. Composite sampling may mask variations between individual samples. 

8. Sodium carbonate. 

9. Reading the meniscus at eye level. 

10. Determining water hardness by measuring calcium and magnesium ions. 

Long-answer questions 

11. Basic response: Volumetric analysis helps monitor pollutants in water and acidity in food 

products. 

Value-added response: Beyond this, it supports regulatory compliance, ensures consumer 

safety, and provides data for environmental policy and food industry standards. 

Basic response: Acid–base titrations are simple and widely used; redox titrations are effective 

for electron transfer reactions; complexometric titrations are useful for metal ions; precipitation 

titrations detect ions through insoluble products. 

Value-added response: Outstanding learners may note that choice depends on analyte type, 

accuracy required, and available indicators, and that combining methods can enhance reliability. 

Basic response: Preparation involves dissolving a precise solute in a volumetric flask, indicators 

detect end-points, and stoichiometric calculations use mole ratios and the formula (C_1V_1 = 

C_2V_2). 

Value-added response: Learners may also highlight the importance of calibration, concordant 

titrations, and careful handling to ensure reproducibility and minimise systematic errors. 

Basic response: Errors may arise from misreading the meniscus, impure reagents, or faulty 

apparatus; precautions include rinsing equipment, using pure substances, and repeating titrations. 
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Value-added response: In addition, learners may emphasise the role of training, standardisation 

of procedures, and maintaining laboratory conditions to reduce both random and systematic 

errors. 

 

Answers to Pilot Questions [Series 3] 

Part 3.1 Fundamentals of volumetric analysis 

Volumetric analysis is a quantitative method used to determine the concentration of a 

substance by measuring the volume of a solution of known concentration required to 

react with the analyte. 

It is based on the principle of stoichiometry, where reactants combine in fixed ratios 

according to a balanced chemical equation. 

Applications include ensuring correct drug dosage in pharmaceuticals and monitoring acidity 

in food chemistry. 

Common apparatus include the burette and pipette. 

Concentration is usually expressed in moles per litre (mol/L). 

Part 3.2 Types of volumetric methods 

A neutralisation reaction. 

Titration of iron(II) ions with potassium permanganate solution. 

EDTA (ethylenediaminetetraacetic acid). 

An insoluble precipitate. 

Determining water hardness. 

Part 3.3 Procedures and calculations in volumetric analysis 

A standard solution is a solution of accurately known concentration prepared by dissolving a 

precise amount of solute in a definite volume of solvent. 

Sodium carbonate. 

An indicator signals the end-point of a titration by changing colour when the reaction is 

complete. 
C₁V₁ = C₂V₂ 

Reading the meniscus at eye level. 

 

 

Series 4: Gravimetric Methods of Analysis 

Part 1 Fundamentals of gravimetric analysis 
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4.1.1 Definition and principles of gravimetric analysis 

4.1.2 Importance and applications in analytical chemistry 

4.1.3 Types of gravimetric methods 

Part 2 Procedures in gravimetric analysis 

4.2.1 Precipitation and digestion of precipitates 

4.2.2 Filtration and washing of precipitates 

4.2.3 Drying, ignition, and weighing of precipitates 

Part 3 Calculations and sources of error in gravimetric analysis 

4.3.1 Stoichiometric calculations in gravimetric analysis 

4.3.2 Common sources of error 

4.3.3 Precautions and good laboratory practice 

 

 

 

 

Introduction 

In the last Series, we explored volumetric methods of analysis, where concentrations were 

determined by measuring volumes of solutions in titration reactions. We now turn to 

gravimetric methods of analysis, another classical approach in analytical chemistry that relies 

on precise measurement of mass. Gravimetric analysis is valued for its accuracy and simplicity, 

and it remains relevant in laboratories today for determining the quantity of a substance by 

isolating and weighing it. Its importance lies in providing dependable results without the need for 

complex instrumentation. 

The aim of this Series is to introduce you to the principles, procedures, and calculations involved 

in gravimetric analysis, and to equip you with the skills required to carry out this method 

effectively while recognising sources of error and applying appropriate precautions. 

We shall commence this Series by examining the fundamentals of gravimetric analysis, 

including its definition, principles, importance, and types. Next, we will move on to the 

procedures involved, such as precipitation, digestion, filtration, washing, drying, ignition, and 

weighing of precipitates. Finally, we will wrap up by considering the calculations used in 

gravimetric analysis, along with common sources of error and the precautions necessary to 

ensure accuracy. In conclusion, this Series will provide you with both theoretical understanding 

and practical competence in applying gravimetric methods to analytical problems. 
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Series Learning Outcomes 

Upon completing this Series, you should be able to: 

define gravimetric analysis and explain its underlying principles, 

describe the importance and applications of gravimetric methods in analytical chemistry, 

identify the main types of gravimetric methods, 

demonstrate the procedures for precipitation and digestion of precipitates, 

apply correct techniques for filtration and washing of precipitates, 

perform drying, ignition, and weighing of precipitates accurately, 

carry out stoichiometric calculations in gravimetric analysis, 

analyse common sources of error in gravimetric methods, and 

evaluate appropriate precautions and good laboratory practices to minimise error. 

 

4.1 Fundamentals Of Gravimetric Analysis 

4.1.1 Definition and principles of gravimetric analysis 

Gravimetric analysis is a quantitative analytical method in which the amount of a substance is 

determined by converting it into a stable compound of known composition and measuring its 

mass. The principle is based on the law of conservation of mass and stoichiometry, where the 

mass of the product formed is directly related to the amount of analyte present. 

This method is valued for its accuracy and simplicity, as it does not require sophisticated 

instruments but relies on careful laboratory technique. 

Fill in the blank: Gravimetric analysis determines the amount of a substance by measuring its 

__________ after conversion into a stable compound. 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

 
        Figure 4.1: Analytical balance weighing a precipitate to illustrate the principle of 

gravimetric analysis. 

 

4.1.2 Importance and applications in analytical chemistry 

Gravimetric analysis is important because it provides highly accurate results when performed 

correctly. It is widely applied in different fields: 

In pharmaceuticals, it ensures the correct composition of drugs. 
In environmental science, it helps determine pollutants such as sulphates or phosphates in water. 
In industrial chemistry, it is used for quality control of raw materials and finished products. 
In food chemistry, it can be applied to measure components such as salt or minerals. 

Fill in the blank: Gravimetric analysis is widely applied in pharmaceuticals, environmental 

science, industry, and __________ chemistry. 
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Figure 4.2: Applications of gravimetric analysis in pharmaceuticals, environmental science, 

industry, and food chemistry. 

 

4.1.3 Types of gravimetric methods 

There are several types of gravimetric methods, each suited to different analytical needs: 

Precipitation method: The analyte is converted into an insoluble precipitate, which is filtered, dried, 
and weighed. 

Volatilisation method: The analyte or its derivative is removed by heating and measured by the loss 
in mass. 

Electrogravimetric method: The analyte is deposited on an electrode by electrolysis and weighed. 

Each method requires careful control of conditions to ensure accuracy and reproducibility. 

Fill in the blank: In the precipitation method of gravimetric analysis, the analyte is converted into 

an insoluble __________. 
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Figure 4.3: Comparison of precipitation, volatilisation, and electrogravimetric methods of 

gravimetric analysis. 

 

Table 4.1 Types of Gravimetric Methods and Their Key Features 

Method Description 
Typical 

application 

Key 

advantage 
Limitation 

Precipitation 

method 

The analyte is 

converted into an 

insoluble precipitate, 

which is filtered, 

dried or ignited, and 

weighed. 

Determination of 

chloride ions as 

silver chloride. 

Simple and 

widely 

applicable. 

Risk of co-

precipitation and 

incomplete 

precipitation. 

Volatilisation 

method 

The analyte or its 

derivative is removed 

by heating, and the 

Determination of 

water content or 

carbonates by loss 

on ignition. 

Useful for 

volatile 

substances. 

Requires stable 

compounds and 

careful heating. 
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Method Description 
Typical 

application 

Key 

advantage 
Limitation 

mass change is 

measured. 

Electrogravimetric 

method 

The analyte is 

deposited on an 

electrode by 

electrolysis and 

weighed. 

Determination of 

metals such as 

copper or nickel. 

High 

precision and 

selectivity. 

Needs specialised 

equipment and 

controlled 

conditions. 

 

Pilot questions 4.1 

Define gravimetric analysis. 
State the principle on which gravimetric analysis is based. 
Mention two applications of gravimetric analysis. 
List the three main types of gravimetric methods. 
In which method is the analyte converted into an insoluble precipitate? 

 

4.2 Procedures In Gravimetric Analysis 

4.2.1 Precipitation and digestion of precipitates 

Precipitation is the process of converting the analyte into an insoluble compound by adding a 

suitable reagent. The resulting solid is called a precipitate, which must be pure and stable to 

ensure accurate results. Digestion refers to the process of allowing the precipitate to stand in the 

solution, often warmed, so that small particles dissolve and re-deposit onto larger ones. This 

improves purity and filterability. 

For example, barium sulphate can be precipitated from a solution containing sulphate ions by 

adding barium chloride. 

Fill in the blank: Digestion improves the __________ and purity of a precipitate. 
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Figure 4.4: Formation of a precipitate in solution and digestion process to improve 

purity and filterability. 

 

4.2.2 Filtration and washing of precipitates 

Filtration is the separation of the precipitate from the liquid using filter paper or specialised 

apparatus. The precipitate must be collected completely to avoid loss of analyte. Washing 

involves rinsing the precipitate with small portions of distilled water or suitable solvents to 

remove impurities such as excess reagents or soluble salts. 

Care must be taken to avoid dissolving the precipitate during washing. 

Fill in the blank: Washing of precipitates removes __________ such as excess reagents or 

soluble salts. 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

 

Figure 4.5: Filtration of a precipitate using filter paper and washing with distilled water 

to remove impurities. 

 

4.2.3 Drying, ignition, and weighing of precipitates 

Drying is the removal of moisture from the precipitate, usually by placing it in an oven at 

controlled temperature. Ignition involves heating the precipitate strongly to convert it into a 

stable, weighable form. For example, calcium oxalate can be ignited to form calcium oxide. 

Weighing is the final step, where the mass of the dried or ignited precipitate is measured using 

an analytical balance. 

Accuracy in weighing is crucial, as the mass directly determines the amount of analyte present. 

Fill in the blank: Ignition converts a precipitate into a stable, __________ form suitable for 

weighing. 
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                Figure 4.6: Drying, ignition, and weighing of precipitates as final steps in gravimetric 

analysis. 

 

Pilot questions 4.2 

What is the purpose of digestion in gravimetric analysis? 
Why is washing of precipitates necessary? 
State one precaution to take during washing of precipitates. 
What is the role of ignition in gravimetric analysis? 
Which instrument is used to measure the mass of a dried precipitate? 

 

4.3 Calculations And Sources Of Error In Gravimetric Analysis 

4.3.1 Stoichiometric calculations in gravimetric analysis 

Stoichiometric calculations are mathematical procedures used to relate the measured mass of a 

precipitate to the amount of analyte present. The process begins with writing a balanced 

chemical equation, identifying the mole ratio between the analyte and the precipitate, and then 

applying this ratio to calculate the analyte’s mass or concentration. 

For example, if chloride ions are precipitated as silver chloride, the mass of silver chloride 

obtained can be used to calculate the amount of chloride ions originally present in the sample. 

Fill in the blank: Stoichiometric calculations in gravimetric analysis are based on the 

__________ chemical equation of the reaction. 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Figure 4.7: Stoichiometric calculation process showing balanced chemical equation linked to 

precipitate mass determination. 

 

4.3.2 Common sources of error 

Errors in gravimetric analysis can reduce accuracy and reliability. Common sources include: 

Incomplete precipitation: Not all of the analyte is converted into the precipitate. 
Co-precipitation: Impurities are trapped within the precipitate. 
Loss of precipitate: Small particles may pass through the filter or be lost during washing. 
Contamination: Foreign substances may mix with the precipitate. 
Weighing errors: Inaccurate balance readings or improper handling of the precipitate. 

Fill in the blank: One common source of error in gravimetric analysis is __________ 

precipitation, where impurities are trapped in the precipitate. 
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Figure 4.8: Common sources of error in gravimetric analysis: incomplete precipitation, co-

precipitation, contamination, and weighing errors. 

 

4.3.3 Precautions and good laboratory practice 

To minimise errors, certain precautions and good practices must be followed: 

Ensure complete precipitation by adding reagent slowly and in excess when required. 
Allow digestion to improve purity and filterability of the precipitate. 
Wash precipitates carefully to remove impurities without dissolving the solid. 
Dry or ignite precipitates thoroughly before weighing. 
Use a well-calibrated analytical balance and handle precipitates with care. 

These practices ensure that results are accurate, reproducible, and reliable. 

Fill in the blank: One precaution in gravimetric analysis is to dry or __________ precipitates 

thoroughly before weighing. 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Figure 4.9: Precautions and good laboratory practice: careful handling of crucibles, calibrated 

balance, and clean workspace. 

 

Pilot questions 4.3 

What are stoichiometric calculations in gravimetric analysis based on? 
State one example of a common source of error in gravimetric analysis. 
What is co-precipitation? 
Mention one precaution to minimise error in gravimetric analysis. 
Why is it important to dry or ignite precipitates before weighing? 

 

Series Summary 

This Series has focused on gravimetric methods of analysis, a classical and highly accurate 

approach in analytical chemistry that determines the quantity of a substance by measuring its 

mass. Its purpose was to provide you with both the theoretical foundation and practical skills 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

needed to apply gravimetric analysis effectively, highlighting its relevance in pharmaceuticals, 

environmental monitoring, food chemistry, and industrial quality control. 

We began with the fundamentals, defining gravimetric analysis, explaining its principles, and 

identifying its main types. Then we moved on to the procedures, covering precipitation, 

digestion, filtration, washing, drying, ignition, and weighing of precipitates. Finally, we 

examined the calculations involved, alongside common sources of error and the precautions 

required to ensure reliable results. In line with the Series Learning Outcomes, you should now be 

able to define and describe gravimetric analysis, demonstrate its procedures, perform accurate 

stoichiometric calculations, and evaluate sources of error while applying good laboratory 

practice. 

 

Concept Check Questions [Series 4] 

Objective questions 

Define gravimetric analysis. (Linked to SLO 4.1) 

State one application of gravimetric analysis in environmental science. (Linked to SLO 4.2) 

Identify the gravimetric method in which the analyte is converted into an insoluble 

precipitate. (Linked to SLO 4.3) 

Which step in gravimetric analysis improves the purity and filterability of a precipitate? 

(Linked to SLO 4.4) 

Name the instrument used to measure the mass of a dried precipitate. (Linked to SLO 4.6) 

Short-answer questions 

6. Explain why filtration and washing of precipitates are necessary. (Linked to SLO 4.5) 

7. Describe one precaution to take during washing of precipitates. (Linked to SLO 4.5) 

8. Give one example of a stoichiometric calculation in gravimetric analysis. (Linked to SLO 4.7) 

9. State one common source of error in gravimetric analysis. (Linked to SLO 4.8) 

10. Mention one good laboratory practice that helps minimise error in gravimetric analysis. 

(Linked to SLO 4.9) 

Long-answer questions 

11. Analyse the importance of gravimetric analysis in pharmaceuticals and food chemistry. 

(Linked to SLO 4.2) 

12. Evaluate the strengths and limitations of precipitation, volatilisation, and electrogravimetric 

methods. (Linked to SLO 4.3) 

13. Describe the procedures involved in precipitation, digestion, filtration, washing, drying, 

ignition, and weighing of precipitates. (Linked to SLOs 4.4–4.6) 

14. Discuss common sources of error in gravimetric analysis and suggest precautions to 

minimise them. (Linked to SLOs 4.8–4.9) 

 

Answers to Concept Check Questions [Series 4] 
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Objective questions 

Gravimetric analysis is a quantitative method that determines the amount of a substance by 

measuring its mass after conversion into a stable compound. 

Determining pollutants such as sulphates or phosphates in water. 

Precipitation method. 

Digestion. 

Analytical balance. 

Short-answer questions 

6. Filtration separates the precipitate from the liquid, while washing removes impurities such as 

excess reagents or soluble salts. 

7. Use small portions of distilled water to avoid dissolving the precipitate. 

8. Calculating chloride ion concentration from the mass of silver chloride precipitate. 

9. Co-precipitation. 

10. Drying or igniting precipitates thoroughly before weighing. 

Long-answer questions 

11. Basic response: Gravimetric analysis ensures correct drug composition in pharmaceuticals 

and measures components such as minerals in food. 

Value-added response: Outstanding learners may also highlight its role in regulatory 

compliance, consumer safety, and nutritional quality assurance. 

Basic response: Precipitation is simple and widely used; volatilisation measures mass loss upon 

heating; electrogravimetric involves deposition on electrodes. 

Value-added response: Learners may note that precipitation is prone to co-precipitation errors, 

volatilisation requires stable compounds, and electrogravimetric methods demand specialised 

equipment but offer high precision. 

Basic response: Precipitation converts analyte into insoluble form, digestion improves purity, 

filtration and washing remove impurities, drying and ignition stabilise the precipitate, and 

weighing determines mass. 

Value-added response: Learners may also emphasise the importance of careful reagent 

addition, controlled heating, and repeated trials to ensure reproducibility. 

Basic response: Errors include incomplete precipitation, co-precipitation, contamination, and 

weighing inaccuracies; precautions involve thorough washing, proper drying, and careful 

handling. 

Value-added response: Learners may further discuss the role of laboratory environment, 

calibration of balances, and adherence to standard operating procedures to minimise both random 

and systematic errors. 

 

Answers to Pilot Questions [Series 4] 

Part 4.1 Fundamentals of gravimetric analysis 
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Gravimetric analysis is a quantitative method that determines the amount of a substance by 

measuring its mass after conversion into a stable compound. 

It is based on the principle of conservation of mass and stoichiometry, where the mass of the 

product formed is directly related to the amount of analyte present. 

Applications include determining pollutants in water (environmental science) and ensuring 

correct drug composition (pharmaceuticals). 

The three main types are precipitation, volatilisation, and electrogravimetric methods. 

In the precipitation method, the analyte is converted into an insoluble precipitate. 

Part 4.2 Procedures in gravimetric analysis 

Digestion improves the purity and filterability of a precipitate. 

Washing of precipitates is necessary to remove impurities such as excess reagents or soluble 

salts. 

One precaution is to use small portions of distilled water to avoid dissolving the precipitate 

during washing. 

Ignition converts a precipitate into a stable form suitable for weighing. 

An analytical balance is used to measure the mass of a dried precipitate. 

Part 4.3 Calculations and sources of error in gravimetric analysis 

Stoichiometric calculations in gravimetric analysis are based on the balanced chemical 

equation of the reaction. 

One common source of error is incomplete precipitation. 

Co-precipitation is when impurities are trapped within the precipitate. 

One precaution is to dry or ignite precipitates thoroughly before weighing. 

Drying or igniting precipitates ensures they are stable and free from moisture, giving accurate 

mass measurements. 

 

 

Series 5: Physicochemical, Optical, and 

Separation Methods of Analysis 

Part 1 Fundamentals of physicochemical methods 

5.1.1 Definition and scope of physicochemical analysis 

5.1.2 Importance and applications in analytical chemistry 

5.1.3 Key physicochemical properties used in analysis (e.g., solubility, partition coefficient, 

pKa) 

Part 2 Optical methods of analysis 
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5.2.1 Principles of spectrophotometry (UV–Vis, IR) 

5.2.2 Fluorescence and atomic absorption spectroscopy 

5.2.3 Applications of optical methods in pharmaceuticals, food, and environmental 

monitoring 

Part 3 Separation methods of analysis 

5.3.1 Chromatography: principles and types (paper, thin-layer, column, HPLC, gas 

chromatography) 

5.3.2 Electrophoresis and ion-exchange techniques 

5.3.3 Applications of separation methods in complex mixtures 

Part 4 Calculations, sources of error, and precautions 

5.4.1 Quantitative calculations in physicochemical and optical methods 

5.4.2 Common sources of error in separation techniques 

5.4.3 Precautions and good laboratory practice 

 

 

Introduction 

In the last Series, we examined gravimetric methods of analysis, where the quantity of a 

substance was determined by measuring its mass. We now move into physicochemical, optical, 

and separation methods of analysis, which represent more advanced instrumental techniques 

widely used in modern laboratories. These methods are essential because they allow chemists to 

study complex mixtures, detect trace components, and obtain highly accurate results in fields 

such as pharmaceuticals, food chemistry, and environmental monitoring. 

The aim of this Series is to introduce you to the principles and applications of physicochemical, 

optical, and separation methods, and to equip you with the skills required to apply these 

techniques effectively while recognising their strengths, limitations, and practical considerations. 

We shall commence this Series by exploring the fundamentals of physicochemical methods, 

including their scope and the key properties used in analysis. Next, we will move on to optical 

methods, where we will study spectrophotometry, fluorescence, and atomic absorption 

techniques, together with their applications. Following that, we will continue with separation 

methods such as chromatography, electrophoresis, and ion-exchange, highlighting how they are 

used to analyse complex mixtures. Finally, we will wrap up by considering the calculations 

involved, common sources of error, and the precautions necessary to ensure reliable results. In 

conclusion, this Series will provide you with both theoretical understanding and practical 

competence in applying these instrumental methods of analysis. 
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Series Learning Outcomes 

Upon completing this Series, you should be able to: 

define physicochemical methods of analysis and explain their scope in analytical chemistry, 

describe key physicochemical properties such as solubility, partition coefficient, and pKa 

used in analysis, 

explain the principles of spectrophotometry including UV–Vis and infrared techniques, 

demonstrate the use of fluorescence and atomic absorption spectroscopy in analytical 

applications, 

apply optical methods to solve problems in pharmaceuticals, food chemistry, and 

environmental monitoring, 

analyse the principles and types of chromatography including paper, thin-layer, column, 

HPLC, and gas chromatography, 

describe electrophoresis and ion-exchange techniques as separation methods, 

evaluate the applications of separation methods in the analysis of complex mixtures, 

perform quantitative calculations relevant to physicochemical and optical methods, 

identify common sources of error in separation techniques, and 

apply appropriate precautions and good laboratory practices to minimise error. 

 

 

5.1 Fundamentals Of Physicochemical Methods 

5.1.1 Definition and scope of physicochemical analysis 

Physicochemical analysis refers to analytical methods that rely on the measurement of physical 

and chemical properties of substances to determine their composition or behaviour. These 

methods often involve studying characteristics such as solubility, pKa, partition coefficients, and 

other measurable properties that influence how substances interact. The scope of 

physicochemical methods extends across pharmaceuticals, food chemistry, and environmental 

science, where they are used to ensure quality, safety, and compliance with standards. 

Fill in the blank: Physicochemical analysis relies on the measurement of __________ and 

chemical properties of substances. 
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Figure 5.1: Illustration of physicochemical analysis, highlighting measurement of physical and 

chemical properties of substances. 

5.1.2 Importance and applications in analytical chemistry 

Physicochemical methods are important because they provide insight into how substances 

behave under different conditions. For example, solubility studies help in drug formulation, 

while partition coefficients are used to predict how compounds distribute between biological 

membranes. These methods are also applied in environmental monitoring, such as assessing 

pollutant behaviour in water or soil. 

Fill in the blank: Partition coefficients are used to predict how compounds distribute between 

biological __________. 

 

5.1.3 Key physicochemical properties used in analysis 

Several key properties are central to physicochemical analysis: 

Solubility: The maximum amount of a substance that can dissolve in a solvent under given 
conditions. 

Partition coefficient (P): A ratio that describes how a compound distributes between two immiscible 
phases, usually water and an organic solvent. 

pKa: The negative logarithm of the acid dissociation constant, which indicates the strength of an 
acid and its ionisation behaviour. 
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These properties are measurable and provide valuable information about how substances interact 

in chemical and biological systems. 

Fill in the blank: The pKa value of a compound indicates its __________ strength and ionisation 

behaviour. 

 

Table 5.1 Key Physicochemical Properties and Their Analytical Significance 

Property Definition Applications 

Solubility 

The maximum amount of a 

substance that can dissolve in a 

solvent under given conditions. 

Used in drug formulation to determine dosage 

forms; applied in food chemistry to assess 

nutrient availability; important in 

environmental science for pollutant behaviour. 

Partition 

coefficient 

(P) 

The ratio describing how a 

compound distributes between 

two immiscible phases, usually 

water and an organic solvent. 

Predicts drug absorption and bioavailability; 

used in toxicology to estimate distribution of 

chemicals; applied in environmental 

monitoring of organic pollutants. 

pKa 

The negative logarithm of the acid 

dissociation constant, indicating 

the strength of an acid and its 

ionisation behaviour. 

Determines ionisation state of drugs at 

physiological pH; guides buffer preparation in 

laboratories; used in environmental chemistry 

to study acid–base equilibria. 

 

Pilot questions 5.1 

Define physicochemical analysis. 
State the scope of physicochemical methods in analytical chemistry. 
Mention two applications of physicochemical methods. 
List three key physicochemical properties used in analysis. 
What does the pKa value of a compound indicate? 

 

5.2 Optical Methods Of Analysis 

5.2.1 Principles of spectrophotometry (UV–Vis, IR) 

Spectrophotometry is an optical method that measures how much light a substance absorbs at 

specific wavelengths. In UV–Vis spectrophotometry, light in the ultraviolet and visible regions 

passes through a sample, and the absorbance is related to concentration by Beer–Lambert’s law. 

Infrared (IR) spectrophotometry measures absorption of infrared radiation, which corresponds 

to vibrations of chemical bonds, providing information about molecular structure. 

Fill in the blank: In UV–Vis spectrophotometry, absorbance is related to concentration by 

__________ law. 
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Figure 5.2 Principle of UV–Vis spectrophotometry 

 

 

5.2.2 Fluorescence and atomic absorption spectroscopy 

Fluorescence spectroscopy measures the light emitted by a substance after it absorbs radiation. 

It is highly sensitive and useful for detecting trace amounts of compounds. Atomic absorption 

spectroscopy (AAS) involves measuring the absorption of light by free atoms in the gaseous 

state, often used for determining metal concentrations. 

Fill in the blank: Atomic absorption spectroscopy is commonly used to determine the 

concentration of __________ in samples. 

 

5.2.3 Applications of optical methods in pharmaceuticals, food, and 

environmental monitoring 

Optical methods are widely applied in different fields: 

In pharmaceuticals, UV–Vis spectrophotometry is used to determine drug concentration and purity. 
In food chemistry, IR spectroscopy helps identify functional groups in additives and contaminants. 
In environmental monitoring, AAS is used to detect heavy metals in water and soil. 

Fill in the blank: In food chemistry, IR spectroscopy is used to identify __________ groups in 

additives and contaminants. 

 

Pilot questions 5.2 
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What does spectrophotometry measure? 
State the law that relates absorbance to concentration in UV–Vis spectrophotometry. 
What type of radiation is measured in infrared spectrophotometry? 
What does atomic absorption spectroscopy determine? 
Mention one application of optical methods in environmental monitoring. 

 

5.3 Separation Methods Of Analysis 

5.3.1 Chromatography: principles and types 

Chromatography is a separation technique based on the distribution of substances between a 

stationary phase (a solid or liquid supported on a solid) and a mobile phase (a liquid or gas that 

moves through the stationary phase). Different compounds travel at different speeds depending 

on their affinity for each phase, allowing them to be separated. 

Types of chromatography include: 

Paper chromatography: Uses paper as the stationary phase and a solvent as the mobile phase. 
Thin-layer chromatography (TLC): Uses a thin layer of adsorbent material on a plate. 
Column chromatography: Employs a packed column of stationary phase through which the mobile 

phase flows. 
High-performance liquid chromatography (HPLC): A highly efficient technique using high pressure 

to push solvents through columns. 
Gas chromatography (GC): Separates volatile compounds using a gaseous mobile phase. 

Fill in the blank: In chromatography, separation depends on the distribution of substances 

between the stationary phase and the __________ phase. 
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Figure 5.2: Diagram of chromatography showing separation of compounds based on 

distribution between stationary and mobile phases. 

 

5.3.2 Electrophoresis and ion-exchange techniques 

Electrophoresis is a separation method where charged particles migrate under the influence of 

an electric field. It is widely used in biochemistry for separating proteins and nucleic acids. Ion-

exchange techniques involve separation based on the reversible exchange of ions between a 

solid resin and a solution. These methods are useful for water softening and purification of 

biomolecules. 

Fill in the blank: Electrophoresis separates particles based on their movement in an __________ 

field. 

 

5.3.3 Applications of separation methods in complex mixtures 

Separation methods are essential in analytical chemistry because they allow the study of complex 

mixtures: 

In pharmaceuticals, chromatography is used to check drug purity and identify active ingredients. 
In food chemistry, GC helps detect flavour compounds and contaminants. 
In environmental science, ion-exchange and HPLC are used to monitor pollutants in water and soil. 
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Fill in the blank: In pharmaceuticals, chromatography is used to check __________ and identify 

active ingredients. 

Figure 5.3: Applications of separation methods in complex mixtures, including pharmaceuticals, 

food chemistry, and environmental science. 

Pilot questions 5.3 

What is chromatography based on? 
Name two types of chromatography. 
What does electrophoresis separate particles according to? 
State one use of ion-exchange techniques. 
Mention one application of separation methods in food chemistry. 

 

5.4 Calculations, Sources Of Error, And Precautions 

5.4.1 Quantitative calculations in physicochemical and optical methods 

Quantitative calculations are mathematical procedures used to determine the concentration or 

amount of analyte based on measured physical or optical properties. In physicochemical 

methods, calculations may involve solubility data, partition coefficients, or pKa values. In optical 

methods such as spectrophotometry, calculations are often based on Beer–Lambert’s law, 

which relates absorbance to concentration through the equation: 

A = ε · c · l 

Where: 
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A = absorbance 

ε = molar absorptivity 

c = concentration 

l = path length 

Fill in the blank: In Beer–Lambert’s law, absorbance is directly proportional to __________ and 

path length. 

 

5.4.2 Common sources of error in separation techniques 

Errors in separation methods can reduce accuracy and reliability. Common sources include: 

Incomplete separation: When compounds are not fully resolved, leading to overlapping peaks or 
bands. 

Contamination: Introduction of foreign substances during sample preparation or handling. 
Instrumental errors: Faulty detectors, unstable voltage supply, or improper calibration. 
Human error: Mistakes in sample loading, timing, or recording results. 

Fill in the blank: In chromatography, overlapping peaks are often a sign of __________ 

separation 

 

5.4.3 Precautions and good laboratory practice 

To minimise errors, certain precautions and good laboratory practices must be followed: 

Ensure instruments are properly calibrated before use. 
Handle samples carefully to avoid contamination. 
Use appropriate solvents and reagents to achieve complete separation. 
Record observations promptly and accurately. 
Maintain a clean and organised laboratory environment. 

These practices help ensure that results are reliable and reproducible. 

Fill in the blank: One precaution in separation methods is to ensure instruments are properly 

__________ before use. 

 

Pilot questions 5.4 

What law is used to calculate concentration in spectrophotometry? 
State one source of error in separation methods. 
What does incomplete separation in chromatography lead to? 
Mention one precaution to minimise error in separation methods. 
Why is calibration of instruments important in laboratory practice? 
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Series Summary 

This Series has introduced you to physicochemical, optical, and separation methods of analysis, 

which are essential instrumental techniques in modern analytical chemistry. Their relevance lies 

in providing accurate, reliable, and versatile approaches for studying complex mixtures, 

monitoring environmental pollutants, and ensuring quality in pharmaceuticals and food 

chemistry. 

We began with the fundamentals of physicochemical methods, focusing on properties such as 

solubility, partition coefficients, and pKa. Then we explored optical methods, including 

spectrophotometry, fluorescence, and atomic absorption spectroscopy, together with their 

practical applications. Following that, we examined separation methods such as chromatography, 

electrophoresis, and ion-exchange, highlighting their role in resolving complex mixtures. Finally, 

we considered quantitative calculations, common sources of error, and the precautions needed 

for good laboratory practice. In line with the Series Learning Outcomes, you should now be able 

to define and describe physicochemical methods, explain and apply optical techniques, analyse 

separation methods, perform relevant calculations, and evaluate sources of error while applying 

appropriate precautions. 

 

Concept Check Questions [Series 5] 

Objective questions 

Define physicochemical analysis. (Linked to SLO 5.1) 

Identify one physicochemical property commonly used in analysis. (Linked to SLO 5.2) 

State the law that relates absorbance to concentration in UV–Vis spectrophotometry. (Linked 

to SLO 5.3) 

Which optical method is commonly used to determine metal concentrations in samples? 

(Linked to SLO 5.4) 

Name the separation technique that uses an electric field to separate charged particles. 

(Linked to SLO 5.7) 

Short-answer questions 

6. Explain why partition coefficients are important in physicochemical analysis. (Linked to SLO 

5.2) 

7. Describe one application of fluorescence spectroscopy. (Linked to SLO 5.4) 

8. Give one example of how chromatography is applied in pharmaceuticals. (Linked to SLO 5.6) 

9. State one common source of error in separation methods. (Linked to SLO 5.10) 

10. Mention one precaution that helps minimise error in laboratory practice. (Linked to SLO 

5.11) 

Long-answer questions 

11. Analyse the importance of physicochemical properties such as solubility and pKa in drug 
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formulation. (Linked to SLO 5.2) 

12. Evaluate the strengths and limitations of UV–Vis, IR, fluorescence, and atomic absorption 

spectroscopy. (Linked to SLOs 5.3–5.5) 

13. Describe the principles and types of chromatography, and explain their applications in 

analytical chemistry. (Linked to SLO 5.6) 

14. Discuss common sources of error in separation methods and suggest precautions to minimise 

them. (Linked to SLOs 5.10–5.11 

Answers to Concept Check Questions [Series 5] 

Objective questions 

Physicochemical analysis refers to methods that measure physical and chemical properties of 

substances to determine composition or behaviour. 

Solubility. 

Beer–Lambert’s law. 

Atomic absorption spectroscopy (AAS). 

Electrophoresis. 

Short-answer questions 

6. Partition coefficients are important because they predict how compounds distribute between 

biological membranes, influencing absorption and bioavailability. 

7. Fluorescence spectroscopy is used to detect trace amounts of compounds, for example in 

biochemical assays. 

8. Chromatography is used to check drug purity and identify active ingredients. 

9. Incomplete separation. 

10. Proper calibration of instruments before use. 

Long-answer questions 

11. Basic response: Solubility determines how much of a drug dissolves in a solvent, while pKa 

indicates ionisation behaviour, both critical for drug formulation. 

Value-added response: Outstanding learners may also highlight how these properties influence 

drug absorption, distribution, and stability in biological systems. 

Basic response: UV–Vis is simple and widely used; IR provides structural information; 

fluorescence is highly sensitive; AAS is precise for metals. 

Value-added response: Learners may further evaluate that UV–Vis is limited to chromophores, 

IR requires pure samples, fluorescence can suffer from quenching, and AAS needs specialised 

equipment but offers excellent selectivity. 

Basic response: Chromatography separates compounds based on distribution between stationary 

and mobile phases, with types including paper, TLC, column, HPLC, and GC. 

Value-added response: Learners may also explain how HPLC provides high efficiency for 

complex mixtures, GC is ideal for volatile compounds, and chromatography supports 

pharmaceutical quality control and environmental monitoring. 

Basic response: Errors include incomplete separation, contamination, instrumental faults, and 

human mistakes; precautions include calibration, careful handling, and accurate recording. 
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Value-added response: Learners may expand by discussing systematic versus random errors, 

the importance of clean laboratory environments, and adherence to standard operating 

procedures to ensure reproducibility. 

 

Answers to Pilot Questions [Series 5] 

Part 5.1 Fundamentals of physicochemical methods 

Physicochemical analysis is the measurement of physical and chemical properties of 

substances to determine their composition or behaviour. 

Its scope includes applications in pharmaceuticals, food chemistry, and environmental 

science. 

Applications include drug formulation and environmental monitoring of pollutants. 

Solubility, partition coefficient, and pKa. 

The pKa value indicates the acid strength and ionisation behaviour of a compound. 

Part 5.2 Optical methods of analysis 

Spectrophotometry measures the amount of light absorbed by a substance at specific 

wavelengths. 

Beer–Lambert’s law. 

Infrared radiation. 

Atomic absorption spectroscopy determines metal concentrations in samples. 

Detecting heavy metals in water and soil. 

Part 5.3 Separation methods of analysis 

Chromatography is based on the distribution of substances between stationary and mobile 

phases. 

Paper chromatography and thin-layer chromatography (TLC). 

Electrophoresis separates particles according to their movement in an electric field. 

Water softening. 

Detecting flavour compounds and contaminants in food chemistry. 

Part 5.4 Calculations, sources of error, and precautions 

Beer–Lambert’s law. 

Incomplete separation. 

Overlapping peaks. 

Proper calibration of instruments. 

Calibration ensures accuracy and reliability of measurements. 
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