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Introduction



How to use this book


There are two aspects to the practical work in the IB Chemistry programme:





1.  general practical work



2.  a single individual investigation – an internal assessment project of 10 hours duration.





This publication is aimed specifically at IB Chemistry students and is to be used throughout your two years of study. Practical activities and the internal assessment form an essential part of the IB Chemistry syllabus (first assessment held in 2016) with 40 hours recommended teaching time for standard level and 60 hours for higher level. This represents an average 25 % of the total teaching time. The internal assessment is worth 20 % of the final assessment.


General practical work includes experiments in the laboratory, spreadsheet or online simulations (for example, Java Applets, Flash animations or Python (Trinket) simulations), demonstrations by your teacher and class activities of a formative nature. These are designed to help you learn chemistry via practical work.


The ‘Applications and skills’ section of the IB Chemistry syllabus lists specific laboratory skills, techniques and experiments that you must experience at some point during your study of the IB Chemistry course. Your school is likely to arrange additional practical work covering other topics in the IB Chemistry programme. It is the skills and not the specific experiments that will be assessed in the written examinations. Other recommended laboratory skills, techniques and experiments are listed in the ‘Aims’ section of the IB Chemistry syllabus.


Within the IB Chemistry syllabus, there is also a specific set of mandatory practicals that you will carry out over the course and your knowledge and understanding of these will be assessed in your final examination papers.


This guide will ensure you can aim for your best grade by:





•  building practical, mathematical and analytical skills for the mandatory and other common practicals through a comprehensive range of strategies and detailed examiner advice and expert tips



•  offering concise, clear explanations of all the IB requirements, such as the assessment objectives of each criterion for the internal assessment, including checklists and rules on academic honesty



•  demonstrating what is required to obtain the best internal assessment grade for the individual investigation with advice and tips, including common mistakes to avoid



•  suggesting practicals that might, if modified, form the basis of an individual investigation



•  making explicit reference to the IB learner profile and the associated Approaches to Learning (ATL) that are central to the IB programme, with their connections to practical work



•  giving worked examples and commentary throughout so you can see the application of physical and mathematical principles and concepts



•  testing your comprehension of the skills covered with embedded activity questions.





Use the space provided in the margins of the book to make your own notes and record your own observations as you progress through the course.



Features of this book
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Key definition


The definitions of essential key terms are provided on the page where they appear. These are words that you can be expected to know for exams and practical work. A glossary of other essential terms, highlighted throughout the text, is given at the end of the book.
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Expert tip


These tips give practical advice that will help you boost your final grade.
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Common mistake


These identify typical mistakes that candidates make and explain how you can avoid them.
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Examiner guidance


These tips give you advice that is likely to be in line with IB examiners.
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Worked examples


Some practical skills require you to carry out mathematical calculations, plot graphs, and so on. These examples show you how.
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ACTIVITY


Questions and suggested outline of possible practice activities.
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Ideas for investigations


Ideas for possible investigations.
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RESOURCES


Useful websites or published books.
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Studying IB Chemistry
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IB Learner Profile


The IB Chemistry course is linked to the IB learner profile. Throughout the course, and while carrying out your internal assessment, you will have the opportunity to develop each aspect of the learner profile: Inquirers, Knowledgeable, Thinkers, Communicators, Principled, Open-minded, Caring, Risk-takers, Balanced and Reflective.


[image: ]







[image: ]


Practicals


Carrying out practicals throughout your IB Chemistry course will give you the opportunity to practice carrying out an investigation, and will give you the scientific skills you need for your internal assessment.
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Approaches to Learning


The IB Chemistry course, and the internal assessment in particular, give you the chance to develop the approaches to learning skills:





•  thinking skills when planning investigations, collecting data and analyzing your results



•  social skills when working with your peers



•  communication skills when reporting and presenting your findings



•  self-management skills when working independently



•  research skills to help plan your investigation, and to put it into context.
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Internal Assessment


The internal assessment gives you the opportunity to display the skills and knowledge you have learned throughout your course, while exploring an area of Chemistry that interests you personally.
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Studying IB Chemistry



Chemistry and the scientific method


Chemistry is an observational and experimental science. Systematic observations and reliable measurements of chemical phenomena may suggest hypotheses. These hypotheses can lead to experiments which systematically manipulate a variable (under controlled conditions) in order to establish a relationship between two variables. This in turn can result in an improved understanding of chemistry. The scientific method can be seen as a cycle (Figure 1 and Table 1). Exploration of one chemical phenomenon can lead to further modification, through analysis and evaluation, resulting in the investigation and testing of further hypotheses.
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Key definitions


Investigation – a scientific study consisting of a controlled experiment in the chemistry laboratory.


Scientific method – the use of controlled observations and measurements during an experiment to test a hypothesis.
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Stage of cycle


	Description

	Key word definitions






	1

	Formulate your research question: which usually inquires how one variable (the independent variable) affects another (the dependent variable).

	
Variable – a factor that is being changed, measured, or kept the same during an investigation.

Independent variable – the variable that you systematically change (across a range) in an investigation.


Dependent variable – the variable that you measure in an investigation. Its value depends on the independent variable.


Processed variable – a variable that can be produced by transforming a measured variable through mathematical manipulation.








	2

	The research question may lead you to formulate a hypothesis. When making a hypothesis, the investigator proposes and explains (via a scientific model) how the independent variable may affect the dependent variable (in a causal relationship).

A prediction, ideally quantitative, may be made.



	
Hypothesis – a tentative explanation based on a scientific model of the observed chemical phenomenon you are investigating using the scientific method.

Prediction/predict – predictions are derived from a hypothesis and describe the results you expect to obtain from an investigation.








	3

	Identify how you can establish a correlation (and ideally a quantitative mathematical relationship) between the two variables (independent and dependent), while controlling other variables.

	
Controlled variable – a variable that is kept the same in an investigation. In an experiment, at least three controlled variables should be listed, and information about how they will be kept the same included.






	4

	Develop a method and outline it clearly. You should include a clearly labelled cross-sectional diagram showing the relative positions of the different apparatus and instruments.

You should manipulate the independent variable and measure the dependent variable, with other variables controlled (and monitored).


You should write your method with sufficient detail and clarity that someone else can follow your instructions and obtain reproducible results.



	
Control – an experiment where the independent variable is either kept constant or removed. This can be used for comparison, to prove that any changes in the dependent variable in experiments when the independent variable is manipulated must be due to the independent variable rather than other factors.






	5

	Carry out your investigation and gather raw data. Record your data by measuring the dependent variable.

Present your raw data in tables with their appropriate units (typically SI base units) and errors.


Mathematically process your raw data in some way (for example, by calculating means, squares, reciprocals or logarithms).


Plot a graph (typically a line graph) to present the trends clearly and facilitate mathematical analysis (via the gradient, intercept, area and so on). Transform any non-linear relationships into a linear graph with a line of best fit, where possible and appropriate.


You may also record relevant qualitative data (observations) (see Key definitions on page x).



	
Data – recorded observations and numerical measurements using apparatus and instruments.

Measuring/measure – obtain a measured value for a quantity.


Qualitative data – observations not involving measurements; for example, colour changes during an experiment, the release of gases (colour and odour) and decrepitation (crackling noises) during heating.








	6

	Develop an explanation for the results in your analysis. What does the raw, processed and displayed data show you about the relationship between the variables? Analyze the results (data) with reference to the research question and scientific model. Do the results support the hypothesis, or falsify it?

	
Analysis/analyze – recognize and comment on trends in raw and processed data and state valid conclusions.

Explanation/explain – give a detailed account including reasons or causes.








	7

	
Evaluate the investigation and suggest improvements and extensions.

When commenting on limitations, consider the procedures, the instruments, the use of instruments, the quality of the data (for example, its accuracy, sensitivity and precision) and the relevance and reliability of the data (and its errors). To what extent might the limitations have affected the results? Propose realistic improvements that address the limitations and increase accuracy or precision.



	
Evaluated/evaluation – an assessment of the reliability and precision of the raw data recorded during an experiment, the other limitations of the techniques, and the conclusions.

Accuracy – measurements or results that are in close agreement with the true or accepted values.


Precision – precise measurements are ones in which there is very little spread about the mean value.


Sensitivity – the smallest change that can be detected by a measurement by an instrument.








	8

	The improvements and extensions to the method can lead to further investigations, and so the cycle (of the scientific method) repeats itself.

	 







Table 1 The scientific method cycle





Replicates can improve the reliability of the raw data generated by an investigation and enable anomalies to be identified. Repeated measurements also allow you to reduce the impact of random error by averaging.


Raw data refers to data collected without any processing. It is just the values of each variable collected. It is often difficult to use for data analysis, and usually needs to be processed in some way. Processed data refers to data that are ready for analysis. Processing implies transforming the data (such as carrying out a calculation).
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Key definitions


Replicate – repetition of the entire experiment run at the same time to record repeat measurements and observations.


Quantitative data – numerical data (with units and random uncertainty) from measurements, such as the pH during the determination of a titration curve (where volume of titrant is the independent variable).
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A processed variable is a variable that is calculated from measured data (from the dependent variable); for example, in a practical to determine the average rate of reaction, the reciprocal of the total time for the reaction to go to completion or reach a certain point is calculated.


The nature of chemistry


Chemistry is the study of matter, its properties, how and why particles of substances chemically combine or separate to form new substances, and how substances interact with energy. The borders with physics and biology are ‘grey’ and it is often known as the ‘central science’. Chemical knowledge is both a theoretical and practical subject supported by mathematics and physics.


There are many links between the IB Chemistry topics. For example, stoichiometric relationships underpin many IB Chemistry topics, including energetics/thermochemistry, chemical kinetics and equilibrium. Organic chemistry is underpinned by all of the IB Chemistry topics.


An alternative to topics is to consider the central ideas or concepts that allow understanding of events and phenomena in chemistry across topics. Concepts are used to predict and explain chemical phenomena. One possible summary of chemical concepts is illustrated in Table 2.








	Matter is composed of particles (atoms, molecules or ions).






	Elements are classified into groups in the periodic table.






	Bonds form between atoms by sharing valence electron pairs or by electron transfer or delocalization.






	Molecular shape is important in determining properties.






	Molecules interact with each other via weak forces.






	Energy and mass are conserved.






	Energy and matter tend to disperse (entropy).






	There are barriers to reaction (activation energy).






	There are a few fundamental types of reaction (for example, redox and acid base and ionic precipitation).







Table 2 One possible set of central ideas or concepts in chemistry





Framework for Chemistry


The IB Chemistry syllabus is comprehensive with a large number of interrelated topics and concepts. It helps to simplify the content by using a ‘concept map’ (Figure 2) to outline the essential components and concepts of a chemistry course and show how they interrelate. The practical skills you will learn during the course can be framed in the context of this diagram. Subsequent chapters will cover essential skills that can be applied to different areas of the syllabus. Figure 2 can be used to help you decide which area of chemistry you want to address in your internal assessment project (Chapter 6).
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Chemists analyze and change the material world by modelling it at two different levels: the macroscopic level of bulk materials and a submicroscopic level (atoms, ions and molecules) beneath the macroscopic material world.


IB Chemistry practicals


There are numerous practicals listed in the IB Chemistry Guide. This book focuses on practical experiments that can help you with exam questions (Paper 3, section A), and also help you to select and implement a suitable investigation for your internal assessment. The practicals in the guide can be divided into three categories.





•  Mandatory practicals: these are prescribed in the IB Chemistry Guide. You need an understanding of these experiments as they may be examined in Paper 3.



•  Useful additional practicals suggested in the guide to be chosen at the discretion of your chemistry teacher. These will not be examined specifically, but may provide useful ideas to help you select and implement your internal assessment project.



•  Computer simulations: information communication technology is encouraged throughout all aspects of your course. Certain skills involving information communication technology are specified in the IB Chemistry Guide: these use computers to model or draw associations between numerical data.
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Examiner guidance


Secondary data refers to data obtained from another source, such as via reference material or published third-party results. The source of secondary data must always be cited in a report; analysis of secondary data can also form an important part of experimental work. For example, the NIST Chemistry WebBook (http://webbook.nist.gov/chemistry/name-ser/) has a wide range of thermodynamic and other data, including spectral data, for analysis or reference.
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Mandatory practicals








	Subtopic

	Mandatory practical






	Topic 1.2

	Obtaining and using experimental data to derive empirical formulas from reactions involving mass changes (Chapter 2).






	Topic 1.3

	Using the experimental method of titration to calculate the concentration of a solution by reference to a standard solution (Chapter 2).






	Topic 1.3

	Obtaining and using experimental values to calculate the molar mass of a gas from the ideal gas equation (Chapter 1).






	Topic 5.1

	A calorimetry experiment for an enthalpy of reaction should be covered and the results evaluated (Chapter 3).






	Topic 8.2

	Candidates should have experience of acid–base titrations with different indicators (Chapter 1).






	Topic 8.3

	Students should be familiar with the use of a pH meter and universal indicator (Chapter 1).






	Topic 9.2

	Performing laboratory experiments involving a typical voltaic cell using two metal/metal ion half-cells (Chapter 1).






	Topic 10.1

	Constructing 3D models (real or virtual) of organic molecules (Chapter 3).






	Topics 15.1 and 19.1

	Performing lab experiments that could include single replacement reactions in aqueous solutions (Chapter 1).







Table 3 List of mandatory practicals for chemistry





Suggested practicals


The following suggested practicals will help enhance your understanding of chemistry and could act as possible individual investigations. Your chemistry teacher may select them to include in your Practical Scheme of Work (PSOW). They are listed in the ‘guidance’ section of the syllabus under ‘Aims’ and so will not be examined.








	Subtopic

	Suggested practical






	1.2 Mole concept

	Determine the percent by mass of water present in hydrates.

Determine the empirical formula of magnesium oxide by combustion.


Calculate Avogadro’s number.








	1.3 Reacting masses and volumes

	Gravimetric determination by precipitation of an insoluble salt.

Use data-loggers to measure temperature, pressure and volume changes in reactions.


Determine the value of the gas constant, R.








	2.2 Electron configuration

	Observe emission spectra from discharge tubes of different gases (at low pressure).

Study spectra from flame tests.








	3.2 Periodic trends

	Investigate the use of transition metals as catalysts.

Identify trends in chlorides or oxides across period 3.








	4.1 Chemical bonding and structure

	Investigate compounds based on their bond type.

Obtain sodium chloride by evaporation.








	5.1 Measuring energy changes

	Calculate the energy content of food.

Determine the enthalpy of melting of ice.


Determine the enthalpy change of simple reactions in aqueous solution.








	5.2 Hess’s law

	Investigations based on Hess’s law.






	5.3 Bond enthalpies

	Determine the enthalpy of combustion of propane or butane.






	6.1 Collision theory and rates of reaction

	Investigate the rate of a reaction with and without a catalyst.

Investigate rates by changing the concentration of a reactant or temperature.








	7.1 Equilibrium

	Investigate chemical systems qualitatively by looking at the effects of pressure, concentration and temperature changes on different equilibrium systems.






	8.2 Properties of acids and bases

	Investigate the properties of acids and bases.






	
8.3 pH scale

	Perform an acid–base titration by monitoring with an indicator or a pH probe.






	8.4 Strong and weak acids

	Investigate the strengths of a range of acids and bases.






	8.5 Acid deposition
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