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How to use this book


Welcome to Hodder Education’s MYP by Concept series! Each chapter is designed to lead you through an inquiry into the concepts of Chemistry, and how they interact in real-life global contexts.
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KEY WORDS


Key words are included to give you access to vocabulary for the topic. Glossary terms are highlighted and, where applicable, search terms are given to encourage independent learning and research skills.
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ATL




•  Activities are designed to develop your Approaches to Learning (ATL) skillsg.
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Assessment opportunities in this chapter:




•  Some activities are formative as they allow you to practise certain of the MYP Chemistry Assessment Objectives. Other activities can be used by you or your teachers to assess your achievement against all parts of an assessment objective.
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Key Approaches to Learning skills for MYP Chemistry are highlighted whenever we encounter them.
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Hint


In some of the activities, we provide hints to help you work on the assignment. This also introduces you to the new Hint feature in the on-screen assessment.
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Definition boxes are included for important terms.
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EXTENSION


Extension activities allow you to explore a topic further.
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As you explore, activities suggest ways to learn through action.
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Take action




•  While the book provides opportunities for action and plenty of content to enrich the conceptual relationships, you must be an active part of this process. Guidance is given to help you with your own research, including how to engage in scientific research, guidance on forming a research question, as well as linking and developing your study of Chemistry to events happening today. This should give you a better understanding of global issues in our twenty-first century world.
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You are prompted to consider your conceptual understanding in a variety of activities throughout each chapter.


We have incorporated Visible Thinking – ideas, framework, protocol and thinking routines – from Project Zero at the Harvard Graduate School of Education into many of our activities.
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Links to:


Like any other subject, Chemistry is just one part of our bigger picture of the world. Links to other subjects are discussed.
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We will reflect on this learner profile attribute …




•  Each chapter has a IB learner profile attribute as its theme, and you are encouraged to reflect on these too.
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Finally, at the end of the chapter you are asked to reflect back on what you have learned with our Reflection table, maybe to think of new questions brought to light by your learning.
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  Change  


  Models  


  Identities and relationships



1 What is matter?


When matter changes we observe similarities and differences that help us build models to explain underlying relationships.
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IN THIS CHAPTER, WE WILL …





•  Find out how the form of matter depends on (or derives from) its underlying properties.



•  Explore








    •  physical, conceptual or virtual models to help develop our understandings of change in matter;


    •  how we develop our understanding of information.








•  Take action by raising awareness of non-renewable resources.
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CONSIDER AND ANSWER THESE QUESTIONS:


Factual: What is matter? How can we measure properties of matter? What are some examples of physical and chemical properties of matter?


Conceptual: How can we determine the nature of substances?


Debatable: Has our ability to measure things more precisely changed our ideas about the material world?


Now share and compare your thoughts and ideas with your partner, or with the whole class.
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These Approaches to Learning (ATL) skills will be useful …




•  Communication skills


•  Collaboration skills


•  Organization skills


•  Affective skills


•  Critical-thinking skills


•  Creative-thinking skills
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KEY WORDS


compound


iterative


particle


property


pure


reliability
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We will reflect on this learner profile attribute …




•  Inquirers – exploring materials to explain the nature of matter around us. Recognizing how we address the challenge of exploring qualities that cannot be observed directly.
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Assessment opportunities in this chapter …




•  Criterion A: Knowing and understanding


•  Criterion B: Inquiring and designing


•  Criterion C: Processing and evaluating


•  Criterion D: Reflecting on the impacts of science
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DISCUSS


Look at Figure 1.1. In pairs, discuss how you might respond to the questions in the caption. What do you think you will learn in this chapter? List your responses so that you can review them when reflecting on your learning throughout this chapter.
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ACTIVITY: Looking at the meniscus
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ATL




•  Collaboration skills: Listen actively to other perspectives and ideas, encourage others to contribute, give and receive meaningful feedback


•  Organization skills: Select and use technology effectively and productively
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Your teacher will demonstrate how to measure 50.0 cm3 (0.050 dm3) of liquid accurately.
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Measuring volumes


Note how the volume is measured by observing the curve of the meniscus at eye level. Positioning your eye at an angle to the level of a liquid (or the pointer of a measuring instrument) gives incorrect readings caused by parallax error. This error is a displacement in the apparent position of an object caused by light from the object approaching the eye at an angle.


A meniscus is caused by two sets of forces: cohesion, which is the attraction of water to itself, and adhesion, which is the attraction of water to the sides of the container. The meniscus of water is concave because the forces of adhesion are stronger than the forces of cohesion (Figure 1.3, overleaf).


Not all substances produce a concave meniscus. Mercury is a dense liquid metal that produces a convex meniscus.


How are the cohesive and adhesive forces of matter in mercury and water different? Describe the effect in your notebook using a diagram similar to Figure 1.3, in which the sizes of the arrows correspond to the forces involved.
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ACTIVITY: Testing matter
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ATL




•  Critical-thinking skills – Practise observing carefully in order to recognize problems; interpret data
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How does matter mix?


Materials and equipment





•  water



•  ethanol



•  vegetable oil



•  2 × 100 cm3 measuring cylinders
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Safety: Take care when using glassware! You should always wear covered shoes in a laboratory, and never taste chemicals. Ethanol is an alcohol. Wear eye protection.
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Method





1  Predict the total volumes of the pairs of liquids when they are combined in the volumes shown in the table.









	Combination

	Predicted total volume/cm3

	Measured total volume/cm3






	50 cm3 of vegetable oil 50 cm3 of water

	 

	 






	50 cm3 of ethanol 50 cm3 of water

	 

	 










2  Observe the total volume when you combine the two liquids in each pair.





Analysing results


Explain these observations.
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Assessment opportunities




•  In this activity you have practised skills that are assessed using Criterion C: Processing and evaluating.
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How does matter add up?


Materials and equipment





•  electronic balance (e.g. kitchen scales ±1 g precision)



•  100 cm3 measuring cylinders



•  100 cm3 beaker



•  stirring rod



•  water



•  ‘kitchen chemical’, for example, crystallized sugar or salt



•  spatula (for moving dry ingredients)





Method





1  Predict the total mass of the substances when they are combined as shown in the table.









	Prediction

	Measurement (show appropriate units)






	The total mass of the combined materials (g)

	(using electronic balance)






	The total volume of the combined materials (cm3)

	(using measuring cylinder)










2  Tare the balance with the empty measuring cylinder on it. The next reading will only record the mass of the substance you are adding.



3  Measure the mass of 10 cm3 of solid sugar or salt.


    Measure the mass of 60 cm3 of water.


    Now combine the two materials in the beaker, and stir until all the solid has dissolved.


    Complete the table.





Analysing results





1  Suggest what happened to the sugar/salt.



2  Suggest how you might test whether the solid substance is still in the container.



3  How do you explain your observations?



4  Sketch a model of your ideas in your notebook, labelling how the particles of the mixed materials might look.



5  What have the two activities suggested about the nature of matter?
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EXPLORING MATTER: A BRIEF HISTORY OF IDEAS


Early ideas about matter were probably closely linked with its use, for example, whether it was edible or could be worn. Many cultures and belief systems include the concept of four, five or eight ‘elements’. Examples include ancient Babylonian, Arab, Chinese, Hindu, Japanese and Tibetan traditions. Many of these preceded the ancient Greeks, who took the ideas further.


Ancient Greeks


Empedocles (492–432 BCE), who lived in Sicily, suggested all substances were made of different combinations from a small number of elements: fire, air, water and earth which, combined in different ratios, resulted in properties like ‘softness’ or ‘warmth’.


Some philosophers, most notably Democritus (460–370 BCE), argued that there was a limit to the size a substance could be divided into. These tiny units, which they called ‘atomos’ contained precisely all the properties of the matter they originally came from, and were indestructible.


Aristotle (384–322 BCE) came from a slightly later school of philosophy (Platonism) based in Athens. He sided with Empedocles’ views, claiming the four elements were capable of change. At this time the need to test ideas practically had not yet been recognized. No one was able to distinguish which of the philosophers’ claims was accurate, but Aristotle’s rhetoric influenced thinking for nearly 2000 years.


These very early ideas were the origin of Alchemy, a tradition of beliefs that sought to ‘transmute’ matter, to change lead and other ‘base metals’ to gold, and discover the ‘elixir of life’. The Alchemists’ practical approach became the basis for modern laboratory techniques, and their name is also the origin of the word ‘Chemistry’.
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Links to: Individuals and societies: History


Why do you think so many new ideas were created in ancient Greece, and then in the European Enlightenment? Do certain times and places lend themselves to new ideas better than others? Or is this just the way history has been recorded?
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The European Enlightenment


How do we learn and how do we know? During 17th century Europe, approaches to these questions began to change. After centuries of immense social, political and religious upheaval, plagues and famines that may have killed up to half the population, global exploration introduced awareness of different societies and ways of living. In this special environment, individual responsibility and direct experiences began to be highly valued, and created the intellectual conditions for a science based on experimental observation.


Gas was shown to be a form of matter when the Italian, Evangelista Torricelli (1608–1647), invented an air barometer. Changes to the height of a mercury column caused by air pressure demonstrated that invisible matter was real. Further experiments by Swiss Daniel Bernoulli (1700–1782) led him to develop a model of gas as consisting of tiny, constantly moving particles separated by relatively large distances. His kinetic theory explained air pressure as a result of millions of tiny collisions with ball-like particles.


Englishman Joseph Priestley (1733–1804), and French scientists Antoine Lavoisier (1743–1794) with his wife and collaborator Marie-Anne Paulze (1758–1836), investigated the composition of matter, identifying components with unique chemical properties, including ‘elements’ that could not be broken down further. Priestley famously isolated oxygen by heating a mineral of mercury, and distinguished oxygen from air. The Lavoisiers produced hydrogen when they reacted acids with metals. Careful measurements of hydrogen, oxygen and the liquid product that formed when they combined, water, led Antoine Lavoisier to develop the law of conservation of mass. It states that the total mass of matter does not change during a chemical reaction.



A 19th century synthesis


Another Englishman, John Dalton (1766–1844), used his own observations of weather patterns to infer that matter could exist in different states. He synthesized his ideas about solids, liquids and gases with those of others to develop an atomic theory of matter. In summary, his theory stated:





1  All matter consists of small ball-like particles called atoms. The state of matter, as a solid, liquid or gas, can be explained by differences in degrees of separation and amount of motion of these different particles.



2  All of the atoms of an element are identical, and the atoms of different elements have different properties.



3  Compounds are formed when atoms combine. Compounds also have unique properties.



4  When elements react, the atoms are combined, separated or are rearranged in defined, whole-number ratios.
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Theories become established when they explain new, unexpected observations. By 1860, Dalton’s atomic theory and new technologies had helped identify more than 60 elements. Chemists were beginning to suspect that patterns based on chemical reactions might be used to develop ‘a taxonomy of elements’. A three-day meeting held in Karlsruhe, Germany, provided a forum for open, collaborative discussion between leading scientists of the day.


In the decade following this first example of an international scientific conference, at least six different classifications of elements emerged. The best known today was developed by a Russian, Dmitri Mendeleev (1834–1907). He approached the problem by summarizing the properties of all the known elements on a set of cards, which he shuffled in search of recurring patterns. One day he had a crucial insight: the set was incomplete! Based on the trends revealed by his organization, he even predicted the properties of missing elements, later shown to be largely correct.


This was the origin of the construct now called the periodic table, an organizer you will refer to many times during your course of Chemistry.
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Critical thinking about language


In science, argumentation helps make thinking visible. Every claim or opinion should be justified by referring to observable evidence. If there is more than one possible, logical interpretation, further experimentation may resolve the argument.
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ACTIVITY: Three-Level Guide
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ATL




•  Communication skills: Read critically and for comprehension; make inferences and draw conclusions


•  Critical-thinking skills: Gather and organize relevant information to formulate an argument; test generalizations and conclusions
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A Three-Level Guide is a strategy to help you learn how to interpret challenging text. The claims are grouped according to whether the text supports them literally, whether they can be inferred from it, or whether it is debatable. With practice, this activity helps you understand how texts can be read in different ways.


Read pages 5–6 about scientific ideas and discoveries of matter in history. Decide whether you agree with each of the statements that follow. Prepare to discuss and justify your answers with your partner. As you do this, reflect which responses are easiest to resolve.


Claims made in the text


Level 1: Literal statements. Tick the box if you think the text actually says this.




•  Empedocles died aged 40.


•  Empedocles and Democritus never met.


•  Lavoisier isolated oxygen by heating a mineral of mercury.


•  Elements are a form of matter that consists of identical atoms.


•  Pressure is caused by atoms bouncing on a surface.


•  Alchemists were the first chemists.





Level 2: Interpretative statements. Tick the relevant box if you think the text supports these opinions.




•  Sicily was part of ancient Greece.


•  Platonism is named after the Greek philosopher Plato (approximately 423–347 BCE).


•  Scientific knowledge can only progress when it is tested experimentally.


•  The ancient Greeks’ four elements were developed from Babylonian traditions.


•  Any matter can exist as solid, liquid or gas states, depending on its temperature.


•  Science is a collaborative endeavour.





Level 3: Applied statements. Tick the box if you think this is a ‘take-home’ message from the text. Be prepared to justify your opinion.




•  Everything – planets, chemicals and light – consists of particles.


•  Ideas from ancient Greece endure to this day.


•  The ability to do science is not limited to a particular nation or gender.


•  Ideas are more powerful than action.


•  Amazing breakthroughs do not always require sophisticated technologies.


•  Science is ‘ideologically neutral’.
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Assessment opportunities




•  In this activity you have practised skills that are assessed using Criterion A: Knowing and understanding and Criterion D: Reflecting on the impacts of science.
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How can we measure properties of matter?


STATING THE OBVIOUS?


You may often have noticed evidence of matter expanding and contracting in response to the surrounding temperature. Examples include the sizes of the ‘expansion joints’ in solid railway lines or bridges, the amount that overhead power cables sag during different seasons, or how the liquid inside a thermometer rises and falls in response to different temperatures.
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DISCUSS





1  Outline how three-level guides can develop your literacy skills.



2  Apply Lavoisier’s law of conservation of matter to explain your observations in the Activity: How does matter add up? (page 4).



3  Describe how Dalton’s atomic theory models







    a  the organization of matter in gases, liquids and solids


    b  elements and compounds.








4  Reflect on what the following incident suggests about how science works.


    Mendeleev’s approach of using cards to finding patterns. Can you think of other problems that might be solved in a similar way?
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MATTER AND TEMPERATURE


Let’s consider alternative explanations for hypotheses that relate observations about how matter (the independent variable) responds to temperature. If expansion and contraction (the dependent variable) in solids, liquids and gases are caused by changes in the:





•  numbers of atoms objects contain, then hot objects (which are larger) will have more particles, and therefore more mass



•  sizes of the particles objects contain, then hot objects (which are larger) will have larger particles, and therefore more mass



•  spaces between the particles objects contain, then hot objects (which are larger) have the same number of particles as cold objects and, therefore, the same mass.





A simple investigation should be able to identify the correct scientific reasoning. Occam’s razor assumes that space does not have mass and rules out more complicated explanations.
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Hypothesizing: making scientific predictions


A hypothesis is a prediction, explained by scientific reasoning. If two competing hypotheses explain evidence equally well, a recommended strategy is to select the one that uses the fewest assumptions.
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THINK–PAIR–SHARE


How might you test whether mass is affected by temperature?
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A model for matter in different states


Any observations you are likely to have made would have involved matter in the same state. The atomic theory, or kinetic molecular theory, describes changes of state (Figure 1.6) in terms of the movement energy and spaces between particles.
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Objects we can see as solid have a fixed volume and shape. From this we can infer that particles in a solid are strongly bonded and have order. The forces of attraction between particles are higher than other forces, if these are present.


The matter we see as liquid has volume, but no shape. From this we can infer that particles in a liquid are bonded but are disordered because they can move around each other, for example when we stir tea. The forces of attraction between particles in a liquid are stronger than other forces, but much less than in a solid.


The evidence from ease of mixing, high compressibility and very low density compared to solids and liquids suggests that matter of a gas is not in contact. As a consequence of weaker attractive forces compared to particles in solids and liquids, gas particles do not have boundaries, instead quickly filling the volume of any container they are in. They also tend to have particles with higher kinetic energy (move rapidly). Whenever a gas particle collides with a surface, it exerts a tiny amount of pressure.
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THINK–PAIR–SHARE


Suggest how this model comparing the relative kinetic energies and order of particles in solids and liquids might explain how a solid substance like sugar or salt might dissolve in a liquid.


[image: ]





STATE CHANGES


What happens at the transitions between the states of matter: freezing and melting between solid and liquid states, or condensing and evaporating between gas and liquid states (Figure 1.7)?
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State changes involve matter absorbing or losing thermal energy and are completely reversible. Temperature measurements of matter that is changing state, for example as it is being heated to melt from solid to liquid, or to boil from liquid to gas, are constant. Similarly, as gases cool to liquids and liquids freeze to solids, each state change involves the release of the equivalent amount of thermal energy (Figure 1.8). This constant temperature indicates that there is no increase in the average kinetic energy of the particles (see Chapter 6).




[image: ]




How, then, does matter incorporate thermal energy internally? During the transition process, the forces of attraction between particles are changing (strengthening or weakening), which is evident in the average separation distance between particles. This we can measure as thermal expansion or contraction.


How can we determine the nature of substances?


A liquid boils at the temperature at which its vapour (evaporating particles) has the same pressure as the surrounding pressure. At higher altitudes air is rarefied (thinner), so pressures are lower, which makes it easier for some of the particles of a liquid to gain enough kinetic energy to escape as gas.


STANDARDIZING MATTER


When particles are too small to be seen (even with a good light microscope), our knowledge relies on interpretations of hidden events. So far, our inquiries suggest:





•  The only constant is mass. The total mass did not change when







    •  alcohol was mixed with water, even though the total volume of the combined liquids was less than the volumes of the liquids measured apart


    •  matter is heated or cooled, changing the average separation distance (space) between particles.








•  Local physical conditions, including air pressure and temperature at different altitudes can affect physical properties like state changes.





For scientists to be confident their descriptions were consistent, they needed to agree on a global standard. An International System of Units for science first emerged during the French Revolution. The abbreviated name, ‘SI’, comes from the French: Le Système International d’Unités.


Another international body, the International Union of Pure and Applied Chemistry (IUPAC), uses SI units to define reference conditions for describing pure matter. Standard conditions for temperature and pressure (usually abbreviated, ‘STP’) are 0 °C (or 273.15 K) and 100 kPa (or the ‘ideal’ atmospheric pressure at sea level).
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ACTIVITY: Standardizing matter
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ATL




•  Critical-thinking skills: Interpret data; draw reasonable conclusions and generalizations
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1  State what the following abbreviations mean:







    a  SI


    b  IUPAC


    c  STP.








2  Outline why your drink stays ‘icy cold’ when you add ice cubes.



3  Explain why a globally consistent approach to describing matter is important.



4  There is a fourth state of matter called plasma, found in extremely hot environments like the Sun. Suggest why Dalton did not include this form in his atomic theory.
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Assessment opportunities




•  In this activity you have practised skills that are assessed using Criterion A: Knowing and understanding.
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Density


Density is a relationship of mass to unit volume:
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Therefore, the SI unit for density is kg m−3.


For example, if: mass1/volume1 = mass2 /volume2


To find an unknown mass of the same substance:


[image: ]


To find an unknown volume of the same substance:


[image: ]


[image: ]







[image: ]


Take action: What is the fairest use of our resources?




•  In this activity we will apply understanding of density to compare resource use.


•  To whom do you feel the greatest responsibility to share resources?







1  Rank these suggestions of communities in order of importance to you:







    a  Earth’s human population



    b  My immediate family



    c  Future global populations



    d  My local community



    e  My future family



    f  All other living organisms, e.g. plants and animals








2  Is there a pattern in the relationships you have chosen to rank more highly? Although people usually feel the greatest commitment to individuals they are close to personally, a little reflection reveals we are linked to all living organisms, and to future generations.


        Your action uses your knowledge of chemistry to provoke awareness in the school community about resources all of us use, all the time.








3  a  Use the Internet to identify two examples of non-renewable resources (for example, a particular fuel or a metal used to package consumables). Use the table below.
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    b  Also record the density (mass/volume at STP) of these two types of matter.



    c  In the first column, estimate the mass (in kg) of the matter you are responsible for using each day. (If the resource is shared, estimate the fraction used to support you.)



    d  Extend your estimates to calculate your use over a month, a year or a generation (assume 25 years) by multiplying your daily estimate by 7, 30, 365 and so on.



    e  Use the density information from part b to estimate the volume occupied by the resource in any two of the time periods of your table.
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A sample calculation is shown below. Note that this is an example of a renewable resource. Water (liquid) is a renewable resource because it is recycled by natural processes.


Estimated daily use (i.e. drinking, cooking, bathroom): 120 litres (or 0.120 m3)


Density: 1000 kg m−3


Using density to calculate mass:
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4  Applying your knowledge! Collectively, build an exhibit to show the volumes of the non-renewable resources we use in our lives. Use recycled cardboard to create boxes of the same volume.
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DISCUSS





•  Learning to learn: evaluate how effective displays are for modelling concepts.



•  Do you personally now feel more motivated to use fewer non-renewable resources?







    •  How might you achieve that (i.e. use fewer non-renewable resources)?


    •  How can estimation help you develop your confidence in approaching calculations?
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Assessment opportunities




•  In this activity you have practised skills that are assessed using Criterion A: Knowledge and understanding.
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Presenting data: using standard notation and SI units


Significant figures


Significant figures refer to the number of digits known with certainty, and the next (uncertain) digit. All these digits are carried through the working of a problem and appear in the solution, which should be rounded to the same level of significance.


For example, using scientific notation a 4000 metre length could be expressed as 4 × 103 m, 4.0 × 103 m, 4.00 × 103 m and 4.000 × 103 m, to 1, 2, 3 and 4 significant figures respectively.


Operations using exponents


Addition and subtraction
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The exponents need to be the same, e.g.:




1  1.2 × 103 m + 10.6 × 102 m


    = 12 × 102 m + 10.6 × 102 m


    = (12 + 10.6) × 102 m


    = 23 × 102 m = 2.3 × 103 m


    (note that we can only quote to the significant figures of the least accurate value in the calculation, i.e. 1.2 × 103).


2  2.04 × 106 − 4.70 × 105



    = 2.04 × 106 − 0.470 × 106



    = (2.04 − 0.470) × 106



    = 1.57 × 106 (three significant figures, or 3 sf).
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Multiplication and division
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Add or subtract the exponents, e.g.:




1  find the volume of a rectangular brick building with dimensions 3.25 × 10 m, 1.305 × 102 m and 5.2 m.


    = (3.25 × 1.305 × 5.2) × 10(1 + 2 + 0) m


    = 22 × 103 m = 2.2 × 104 m (2sf)


    (two significant figures, because we can only quote to the significant figures of the least accurate value in the calculation, i.e. 5.2).


2  find (3.2/1.6) × 10(–3 + − 6)



    = 2.0 × 10−9 (2 sf)
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Links to: Mathematics (Numeracy)


When describing values in science the use of exponents (powers) avoids uncertainty around the significance of the numbers. If you know how to add, subtract, multiply and divide numbers that are expressed in scientific notation, you have the numeracy tools to be a successful scientist.
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How thin can an oil spill spread? The first quantitative recorded measurement was by the American inventor Benjamin Franklin in 1762, when he repeated an experiment first performed by the Roman thinker, Pliny the elder (23–79 AD). Read what he has to say in Figure 1.9.
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EXPLANATION Game


Use the Explanation Game to suggest how invisible particles in Franklin’s ‘teaspoon’ of oil might have covered ‘half an acre’ (2023.4 m²) of the ‘pond matter’.
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ACTIVITY: Using scientific notation and SI units to estimate the size of a particle of matter
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ATL




•  Collaboration skills: Delegate and share responsibility for decision-making; encourage others to contribute


•  Critical-thinking skills: Practise observing carefully in order to recognize problems
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The English scientist Lord Rayleigh (1842–1919) hypothesized that the thinnest layer would be just one molecule thick. You are going to repeat Rayleigh’s experiment.


Work with a team in a calm area outdoors, to avoid water damage to indoor flooring. Alternatively, protect the floor of an indoor area with painter’s plastic sheeting.


Materials and equipment





•  a very precise electronic balance



•  a fine pipette



•  a large tub filled with water (e.g. a child’s paddling pool)



•  a measuring tape



•  vegetable oil (e.g. olive oil)



•  (optional) a fine powder to help detect the edge of the oil film. Moss spores called Lycopodium powder is recommended, but very fine, dry talc may also work.
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Safety: Take care when using glassware! You should always wear covered shoes in a laboratory, and never taste chemicals. If using Lycopodium powder, take care not to inhale it as it can be an allergen for some people.
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Method





1  Fill the paddling pool with 3–5 cm of water to provide a calm, even surface.



2  (Optional) Sprinkle Lycopodium powder on the surface, or clap your hands with some talc between them just above the surface.



3  Using the balance, measure the mass of ‘practice droplets’ of oil until your pipetting technique produces a consistent amount. Record this mass. (Less than 0.5 g is ideal.)



4  Pipette a droplet of oil close to the middle of the paddling pool.



5  Be ready to measure the diameter of the film at its widest point (it should not touch the edges of the paddling pool).





Processing and evaluating your data


Presenting and organizing data





1  Convert your recorded values for the mass of the droplet and the radius of the oil film to scientific notation, using SI units.



2  Most vegetable oils, including coconut oil, have a density of 0.92 kg m−3.


    Assuming the droplet was cubic (m3), calculate the mass of your droplet.



3  The formula for the area of a circle is: A = πr2. Calculate the area of the oil film (m2).



4  Estimate the size of an oil molecule, assuming the units for the volume of oil used (V = A × h) are m3 = m2 × the length of the molecule.



5  If you had opportunities to repeat the experiment, or access to results obtained by other teams, calculate the mean and range for the set of results. Refer to the section, ‘Why do scientists use replicates’, overleaf.





Reflecting on the validity of Rayleigh’s hypothesis





1  Suggest how confident you can be that the oil film was just one oil molecule thick. (Hint: Figure 1.9).





Reflecting on the validity of the method





1  Estimate how large the range of the data was.



2  If all the teams used the same paddling pool, suggest whether there were any patterns in the results, and what might have caused this.



3  You made two measurements during your experiment. Identify which of these had greater uncertainty.





How might your method have been improved?





1  Rayleigh’s results, and other methods, suggest that the length of the oil molecules was about 2 × 10 −9 m (2 nanometres). The method you have used is extremely crude, and it may be chance if the spread of results obtained were similar to this value. However, the size of the error may enable you to suggest where changes in your approach may make the greatest difference.
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Assessment opportunities




•  This activity can be assessed using Criterion C: Processing and evaluating.
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What are some examples of physical and chemical properties of matter?


HOW CAN I BE CONFIDENT OF THE RESULTS OF MY INVESTIGATION?
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Why do scientists use replicates?


Replicate tests (also called repeats or duplicates) in an experiment give you greater confidence that your results are correct.


All experimental data have variability. This can be caused by variation in the sample (particularly in, but not limited to, biological populations), or by variations in the process, for example unintended differences when using standard procedures (e.g. measurement error) or systematic variations caused by incorrectly calibrated equipment, contamination or uncontrolled environments. Every data point is an important indicator of the reliability of the investigation process. Discarding data points will introduce bias and damage the integrity of the experiment. Repeat trials provide ‘data sets’ which improve confidence in whether differences between treatments are real.


Statistical treatment of replicates


The most common statistical treatments are mean, median, mode, range and (in MYP extended mathematics) standard deviation. The use of spreadsheets simplifies these calculations.


In your science reports, you should use only the processes with which you are familiar and which you understand.
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Brainstorming


A brainstorm is a collaborative tool for open-minded sharing of ideas. During a brainstorm, all suggestions from participants will be accepted and recorded visually. Brainstorming supports creative thinking because:




•  quantity will generate quality


•  acceptance without criticism will encourage divergent problem solving


•  unusual ideas may provide novel solutions and perspectives


•  ideas are improved when combined or associated with others.
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ACTIVITY: Clarifying properties
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ATL




•  Communication skills: Give and receive meaningful feedback; use appropriate forms of writing for different purposes and audiences


•  Creative-thinking skills: Use brainstorming and visual diagrams to generate new ideas and inquiries; consider multiple alternatives, including those that might be unlikely or impossible; practise flexible thinking – develop multiple opposing, contradictory and complementary arguments
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By ‘property’ we mean how an object looks, feels, or behaves. Brainstorm examples of properties of matter.


Conversation triads


In this learning strategy, each member of your group takes each role in turn. The Speaker responds to the situation, uninterrupted for up to two minutes. The Listener paraphrases the speaker’s information. The Observer takes notes, and provides constructive feedback, including making comments of an affective nature (e.g. the confidence of members of the group in managing material).





1  Which of these properties:







    a  are physical (how it looks or feels)?


    b  are chemical (how it reacts with other substances)?


    c  never changes?


    d  are measurable?
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REFLECTING on matter





1  The diagrams in Figure 1.10 use different coloured spheres to represent the atoms of different elements. Use these terms to describe what each of the diagrams represent: pure substance, mixture, atom, molecule, element, compound.



2  Sketch a similar diagram to show a mixture consisting of a combination of







    a  two elements


    b  a compound and an element.








3  Predict whether the matter of the familiar materials in the table is likely to be pure, and which are likely to be mixtures.
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4  The matter in these common household materials is usually nearly pure. List some properties you associate with these materials. The first example is completed for you.









	 

	Material

	Properties






	a

	Iron nail

	solid, metallic, grey






	b

	Water

	 






	c

	Sugar

	 






	d

	Ghee (clarified butter)

	 






	e

	‘Methylated spirits’ (cleaning alcohol)
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Assessment opportunities




•  In this activity you have practised skills that are assessed using Criterion A: Knowing and understanding.
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RE-IMAGINING MATTER


Defining chemical ‘purity’


When matter consists of particles of the same type, it is considered ‘pure’, whether it consists of single atoms or molecules (atoms joined chemically). All elements are pure, because they consist of identical atoms. Compounds are pure because their molecules are identical, consisting of ions or atoms from more than one element combined in particular ratios. For example, water is a compound of hydrogen and oxygen, and pure water consists only of water molecules.


A mixture is any combination of elements and compounds. Mixtures differ from compounds in that the elements in them are not necessarily chemically bonded, and can therefore be separated using purely physical processes (Chapter 2). Unlike compounds, the components in mixtures do not have to be in particular ratios. Soft drinks and sea water are examples, because you can have ‘concentrated’ and ‘dilute’ versions, depending on how much of the solid or gas has been added to the liquid.
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ACTIVITY: Investigating the effect of impurities on the properties of matter
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ATL




•  Organization skills: Plan short- and long-term assignments, meet deadlines; set goals that are challenging and realistic; select and use technology effectively and productively
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Individually or in pairs: In this activity you will design an investigation to identify the differences in properties between pure and impure substances.


Start by brainstorming some examples of materials you think may be pure, and mixtures you may know about. Look at this list for some ideas:





•  ice cube made from laboratory distilled water



•  sea-water ice from the Arctic



•  unsweetened black tea



•  a gold wedding ring



•  a glass window pane



•  an iron cooking pot



•  ice cream



•  a plastic bag.
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Safety: Make sure your teacher checks your investigation design before you begin. Remember that in the laboratory even familiar substances should be treated with care, in accordance with your laboratory safety rules. Consider also the environmental impact of your experiment – especially when disposing of materials.


[image: ]





Your task


In this task you will be working in the laboratory using standard laboratory apparatus. You are required to identify a property of a ‘pure’ substance, and compare how this property changes as a result of adding an impurity. It is recommended you consider familiar, inexpensive materials for this first investigation.


The inquiry cycle (Figure 1.11) summarizes the design and reporting process used to carry out an experimental investigation. By representing the development of scientific understanding through a cycle beginning with reflection, planned action and then returning to critical evaluation and further reflection, this inquiry cycle captures how our scientific knowledge has grown through time. All inquiry cycles are iterative: they offer repeated opportunities to develop and master the skills they emphasize. You will also find that many of the skills they include are transferable to other subjects.
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An application of inquiry





1  For this investigation, it may be helpful to identify possible variables by completing the table below. As you master the skill of writing scientific investigation reports, you will be expected to identify and describe these variables using your own words.









	Type of variable

	Examples

	Measurements needed (e.g. quantity or quality/units)






	Independent (IV)

The variable that could be changed deliberately



	Your impurity

	 






	Controlled (CV)

The variables that are kept the same, to make your investigation scientifically valid


An experimental control provides a reference for comparison with the test conditions



	Your pure substance

	 






	Dependent (DV)

The variable that changes as a result of your manipulation of the independent variable



	Changes in the physical property you will measure

	 










2  Ideally, your hypothesis should be worded so your prediction is followed by scientific reasoning based on your own understanding of this research using secondary sources.


        If I change [the independent variable] ……………… ……………………………… then [the dependent variable] ………………………………… will change by …………………………………, because [scientific reasons] …………………………………



3  When reporting your results, consider:







    a  tabulating only the ‘average’ of your replicate observations – additional columns may be used to record maximum and minimum results in this table


    b  graphing only the ‘average’ results of your replicate observations. The values for independent variables should be shown along the x-axis, and the dependent variables along the y-axis. Represent the range of your results in some way. For example, ‘box-and-whisker’ representations could indicate the maximum and minimum observations on the line graph. Showing the range of replicate results for each group of observations will help you analyse your results in the later stage of your report.








4  When reporting your results,







    a  state whether your results support or refute (disprove) your hypothesis


    b  comment on the reliability of your results; reflect on how closely results are clustered around the mean – very scattered results, or ‘outliers’, need to be explained


    c  comment on the validity of your results – reflect on whether your results could have any alternative explanation apart from the problem you planned.








5  Finally, evaluate the validity of the method. This means, that the measurements you made were relevant to the properties you investigated. The range of your data for repeated trials may give you an indication.
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Assessment opportunities




•  This activity can be assessed using Criterion B: Inquiring and designing, and Criterion C: Processing and evaluating.
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ACTIVITY: Comparing chemical with physical change
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ATL




•  Critical-thinking skills: Practise observing carefully in order to recognize problems; revise understanding based on new information and evidence
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Your inquiries into matter have all involved observing evidence caused by physical changes, for example changes caused by mixing matter or manipulating conditions like the temperature.


In this activity you will identify similarities and differences before and after combustion of a candle, and identify physical and chemical changes.


In pairs or in groups, discuss: what changes do we observe when something burns (undergoes combustion)?


Classify the changes you identified as physical or chemical changes.
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Collect the equipment.


Before lighting the candle, read the prompts for inquiry, to prepare for the class discussion. Write the aim of your experiment in the form of an inquiry question.


Materials and equipment (per group)





•  birthday candle



•  matches



•  safety/heat mat



•  electronic balance





Method





1  Weigh the candle.



2  Light the candle and set it on the safety mat with a drop of melted wax.



3  Let the candle burn until it is extinguished.



4  Weigh any remaining mass.





Observations


While the candle burns, observe carefully and record all the changes you see taking place. Organize your observations so that they are clear and easy to interpret.


Prompts for inquiry





•  What has happened to the wax body of the candle?



•  What has happened to the wick?



•  What was produced during the combustion process?



•  What is the function of the wick?



•  Where do the heat and light come from?



•  How might the changes be stopped?



•  Are any of the changes reversible?
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Assessment opportunities




•  In this activity you have practised skills that can be assessed using Criterion B: Inquiring and designing.
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DISCUSS


The 19th century French microbiologist Louis Pasteur is famous for stating: ‘Chance favours only the prepared mind.’ By this he meant his scientific insights were no simple accidents, but came about because he was alert to finding relationships in his observations.





1  Did the prompts for inquiry help you observe? Could there be any disadvantages in providing a list of questions to guide you?



2  Which of the questions referred to physical changes?



3  Which questions referred to other types of change?



4  What has this activity taught you about chemical change? You may want to start a list.



5  Share suggestions how you can also develop a ‘prepared mind’.
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Has our ability to measure things more precisely changed our ideas about the material world?
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Links to: Design (Technology)


Uses for new materials are constantly being introduced through design technology. Examples include materials used for construction, communication, transport and in health. Each innovative change was enabled through our understanding of the nature of matter.
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The contexts of science


Science does not develop in isolation: it develops in the social contexts where it is used or needed. Depending on their moral, ethical, social, economic, political, cultural or environmental perspectives and interests, different societies can develop different technological solutions. For example, to avoid the common problem of diseases caused by contaminated water, some cultures developed traditions that used fermented alcohol and others invented tea drinking. Each solution used different physical and chemical properties of matter.
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Take action: Mimicking matter




•  Models are never perfect but can clarify concepts by simplifying them by making the invisible visible. How might a model help someone understand these phenomena?







    •  two blended liquids occupy less volume than each does separately



    •  while matter is changing state, its temperature does not change



    •  pure matter can have different properties from impure matter








1  Make a dramatic classroom display of one of these concepts, or a virtual model that is scientifically more accurate than many found online (search state changes).


2  Estimate the amount the particles have been enlarged in your replica. Assume that an atom has a diameter of 10−10 m.


3  Evaluate the limitations of your model.
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Assessment opportunities




•  In this activity you have practised skills that are assessed using Criterion C: Processing and evaluating.
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ACTIVITY: Gallery walk
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ATL




•  Communication skills: Give and receive meaningful feedback; share ideas with multiple audiences using a variety of digital environments and media


•  Collaboration skills: Practise empathy; help others succeed; encourage others to contribute; give and receive meaningful feedback


•  Affective skills: Practise strategies to develop mental focus; practise managing self-talk; practise positive thinking
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Hold a student-led conference on: ‘Reflecting on how matter really matters’.


This activity models a poster session at a ‘scientific’ conference. All the presentation material will be on display simultaneously. The class will be divided into two groups that will rotate roles within the allocated time. While one group of students ‘gallery walks’ around the display, asking questions on areas of interest, students in the other group stand next to their own presentation and briefly explain their research, entering into discussion.


At the end of the conference, each student selects one of the presentations for praise, and shares with the class what it was that impressed them.


In this activity, begin by choosing one ‘mixed’ substance from medication, agriculture, or 21st century technology.





•  Analyse it to identify the ‘pure’ substances within it.



•  Then describe how this material was isolated, discovered, made using its properties.



•  Then evaluate the use of that material in terms of its social, political, economic, ethical, moral, environmental or political impacts.





Present your substance (matter) visually, for example as a poster, or a brief electronic slideshow, for example using PreziTM or a PowerPoint ® presentation. Whatever the format, you should also be able to communicate your message orally in five minutes or less, referring to the visuals that support your presentation.


How to reflect on the impact of the matter you selected





•  What problem or issue does your matter address? Describe the matter you selected, for example its chemical structure (state at STP) and other standardized properties. Explain how this matter is used and made available to us.



•  Scientific knowledge always interacts with moral, ethical, social, economic, political, cultural or environmental factors in our world. Explain how your selected substance does this. For example, who needs to know this? Why should we care? How can we balance impacts which are advantageous and disadvantageous?



•  Fluent, confident oral presentations are the result of practice. Learn to pronounce unfamiliar terms correctly. Complex ideas are best broken down using short sentences. Time yourself, so the entire summary including time for questions does not take longer than five minutes.



•  Sources should be clearly documented using the school’s standard referencing format. These, and notes for your script or a recording of a practice presentation, should be submitted after the poster conference together with your poster.
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Assessment opportunities




•  This activity can be assessed using Criterion D: Reflecting on the impacts of science.
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SUMMARY REFLECTION





1  How did praise for a quality in your poster make you feel? Would you look forward to participating in a similar activity?



2  How important is collaboration for making this activity enjoyable?



3  In the past, scientists have sometimes been accused of being poor communicators of their message. What skills are you developing through cooperative learning activities such as ‘Gallery walk’?
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SOME SUMMATIVE PROBLEMS TO TRY


Use these problems to apply and extend your learning in this chapter. The problems are designed so that you can evaluate your learning at different levels of achievement in Criterion A: Knowing and understanding.
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THESE PROBLEMS CAN BE USED TO EVALUATE YOUR LEARNING IN CRITERION A TO LEVEL 1–2





1  State one physical property that allows you to distinguish between the following paired examples of matter:







    a  soda water and tap water


    b  sand and salt


    c  gold and iron


    d  ethanol and water.








2  Apply your knowledge about the attraction and kinetic energy of particles in a solid, liquid or gas to suggest the form of matter these groups of people could be modelling:







    a  students sitting at desks in the hall taking an external exam


    b  a crowd leaving a movie theatre through a single door


    c  all the students pushing up against the window of the canteen


    d  recess, small children rushing around the play area


    e  drama class, everyone walking randomly around, keeping a similar distance apart.








3  Your friend is staying overnight and you are pumping up an air mattress for her to sleep on. Figure 1.13 shows the pump at different positions. After the handle is pulled up (image A), no more air can enter.


    Interpret this information and judge:







    a  whether the mass of gas inside the pump has changed between position A and B


    b  the position of the pump at which the gas it contains is at its most dense.
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THESE PROBLEMS CAN BE USED TO EVALUATE YOUR LEARNING IN CRITERION A TO LEVEL 3–4





4  Outline reasons for standardizing conditions in which chemists describe matter.



5  In an experiment similar to the Activity: How does matter mix?, a student mixed 500 cm3 each of two pure liquids, iso-propyl alcohol (propan-2-ol) and water.


    Apply your knowledge and understanding about matter to explain why the total volume of the mixed liquids is less than 1000 cm3.
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6  Your little sister left her balloon in the back seat of a hot car. You return to the car with her after visiting a shopping mall for a few hours and notice the balloon seems a lot bigger. Interpret this observation with a scientifically supported judgment about how this may have been caused.
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THESE PROBLEMS CAN BE USED TO EVALUATE YOUR LEARNING IN CRITERION A TO LEVEL 5–6





7  Dalton’s atomic theory included (a) elements, (b) atoms, (c) compounds and ideas about (d) states of matter: solids, liquids and gases.


        Briefly describe these terms, using diagrams if necessary.



8  Recycling waste is a solution for improving the use of matter. In most urban environments, consumers are asked to sort their household waste to improve the efficiency of their community’s recycling programmes.


        Properties for different categories of waste matter are summarized in the table below.
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    a  Calculate the volume of each of the waste categories. Assume each type of material contributes equally, in categories that are mixtures.


            Express your answers using scientific notation.


    b  In the event of limited transport being available, suggest the waste category likely to deliver the best economic returns to the city, if recycled, and why.








9  A grain of sand can be assumed to be a sphere of diameter 10−4 m. It can be assumed that the particles making the sand grain are 10−10 m in diameter.


        Estimate the number of atoms in the grain of sand. Express your answer using scientific notation.








10  The table below shows some physical properties of familiar, everyday substances.
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    Analyse the information to make scientifically supported judgments about which of these materials is likely to be chemically pure.
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THESE PROBLEMS CAN BE USED TO EVALUATE YOUR LEARNING IN CRITERION A TO LEVEL 7–8





11  Explain, using examples about the nature of matter, the limitations of developing scientific knowledge by argument and discussion alone.



12  Consider the following two situations involving the storage of gases:







      •  Cooking gas is often stored and delivered in steel bottles. Over a period of time, the pressure of the gas in the steel bottle does not change.


      •  Air and helium are gases that are often used to fill rubber balloons. Over a period of time, the balloons gradually shrink.







      a Explain these observations, using your scientific understanding about the nature of matter.


      b Suggest how your ideas might be tested.








13  Analyse and evaluate the observations below, to determine whether the changes described are likely to involve the formation of new combinations of matter, or are physical changes.
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Reflection


In this chapter we have investigated properties of matter and identified the need to standardize conditions in which it is measured, by using scientific notation, international systems of units, and controlling variables when designing practical investigations. We began to recognize some of the evidence for physical and chemical changes of matter. We shared examples of how matter makes a difference to our communities, and clarified our ideas using models.
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  Change  


  Conditions  


  Personal and cultural expression  



2 How do we use matter?


Changing conditions for matter has allowed us to make attractive products that express who we are and where we are from.
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IN THIS CHAPTER, WE WILL …





•  Find out how pure substances and mixtures serve our cultural needs and creative expression.



•  Explore:








    •  the chemistry of mixtures in domestic and decorative arts;


    •  how stable and unstable mixtures behave, and the advantages and disadvantages of this stability;


    •  how the differences in physical properties of pure matter are used to separate mixtures;


    •  tools and techniques of an analytical chemist.








•  Take action by creating a range of cosmetic products for use as personalized gifts.
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CONSIDER AND ANSWER THESE QUESTIONS:


Factual: What are the differences between pure substances and mixtures? Can mixtures consist of matter in more than one state? Can all mixtures be separated?


Conceptual: How do separation techniques rely on physical properties? Which conditions result in the most effective separation process?


Debatable: How have our ways of expressing ourselves developed along with our understanding of materials? Does understanding of the nature of mixtures improve our ability to express ourselves?


Now share and compare your thoughts and ideas with your partner, or with the whole class.
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These Approaches to Learning (ATL) skills will be useful …




•  Organization skills


•  Affective skills


•  Critical-thinking skills


•  Creative-thinking skills


•  Transfer skills





[image: ]







[image: ]


KEY WORDS


filter


fuse


gel


solution
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We will reflect on this learner profile attribute …




•  Open mindedness – How you respond to ideas that differ from yours, whether from other cultures or the scientific community, and your approach to investigation results that contradict your expectations and preconceptions about how matter works and interacts.
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Assessment opportunities in this chapter …




•  Criterion A: Knowing and understanding


•  Criterion D: Reflecting on the impacts of science
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ACTIVITY: Glass works


Watch some videos of glass objects similar to those in Figure 2.2 being made. What do you think is happening to make these objects? What do you think is happening to the particles when each of the objects is heated? And when the glass solidifies?
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You could start with these videos:


Fused and slumped glass: making a bowl https://youtu.be/Asrlv4t0Yjk


Core formed glass: a 16th century technique https://youtu.be/Nocv4qLpxa8
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This chapter will explore how some culturally desirable materials are valued for their mixed physical properties and others for their purity.


Can mixtures consist of matter in more than one state?


WHAT ARE THE DIFFERENCES BETWEEN PURE SUBSTANCES AND MIXTURES?


In Chapter 1 we were introduced to a model that described particles in solids, liquids and gases. However, each of these categories can be more complex. For example, in solids, the particles may be closely packed and ordered like stacked oranges, which is called a ‘crystalline’ arrangement. If the pattern is made of many crystals, the solid, e.g. metal, is ‘polycrystalline’. If the particles seem randomly organized, the solid is described as ‘amorphous’ (Figure 2.3).
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MATTER IN OUR COMMUNITIES


Figure 2.4 is a flowchart of matter. To ‘read’ this flowchart, start with the box at the top (‘Matter’) and follow the arrows to other boxes. A major point of difference in the chemistry of matter is deciding whether a substance is pure or a mixture. You are familiar with the idea that matter may be ‘pure’ or a ‘mixture’, represented by ‘elements’ or ‘compounds’ (see Chapter 1). Figure 2.4 also introduces new terms, explaining that mixtures can be homogeneous or heterogeneous. Words by the arrows connecting the boxes describe the relationships between them.
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ACTIVITY: Reflecting on the nature of glass
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ATL




•  Critical-thinking skills: Evaluate evidence and arguments
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Glass is an example of a material for which appearances can be deceptive. For centuries, people have added chemical substances to the silicates that are the basis of glass in order to produce different and attractive varieties. But what is glass? Research using glass properties to find out.





1  Describe the physical properties of glass. Outline why pure glass can be considered a ‘super-viscous liquid’.



2  If kinetic molecular theory (Chapter 1) explains the movement and arrangement of particles from solid to liquid to gas as they heat or cool, suggest how it explains:







    a  the ductility (ability to be stretched) of molten glass


    b  how materials fuse together


    c  why a slowly cooled material might be stronger than one cooled quickly








3  Identify the model for the arrangement of particles in Figure 2.3 that best explains the behaviour of glass.



4  Research glass blowing and decorative glass to find out how artists can manipulate conditions to produce glass of different kinds. Use your research to outline how one special kind of glass is made.
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Assessment opportunities




•  In this activity you have practised skills that are assessed using Criterion A: Knowing and understanding.
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Links to: Visual Arts


Personal and cultural expression in the visual arts uses many types of mixtures, for example: pigments and dyes (painting and textiles), glazes and minerals (ceramics and sculpture). A knowledge and understanding of the chemical and physical properties of the substances involved is likely to enhance the success and durability of the artistic product.
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ACTIVITY: Building a concept map of matter
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ATL




•  Critical-thinking skills: Interpret data; analyse complex concepts into their constituent parts and synthesize them to create new understanding


•  Organization skills: Use appropriate strategies for organizing complex information
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Table 2.1 lists a range of mixtures we use in everyday life and suggests how they might be classified using the flowchart, Figure 2.4. For example, the glass artwork in the activity on page 25 is classified as a mixture because it has a number of different colours; it is homogeneous because it consists only of glass and is a solid.


A concept or mind map (see Figure 2.5) is a type of graphic organizer that clarifies relationships between facts or ideas, with cross-links that explain the relationships. In this task, you will use conversation triads with your peers to build a concept map using the examples of the mixtures in Table 2.1. You will revisit your map throughout the chapter, to clarify your own understanding of the terms.
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A suggested strategy for building a concept map is outlined below. Consider using a web-based tool concept mapping tools/template or the use of sticky labels on a background sheet of paper.





1  Identify common features in the examples in Table 2.1. These features will form the ‘concepts’ that you will place in boxes.



2  Suggest the relationship between the types of mixtures. Examples you may want to consider include ‘dissolved in’ or ‘suspended in’.



3  Keep your concept map where you can access it for editing and for reference.
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Assessment opportunities




•  In this activity you have practised skills that are assessed using Criterion A: Knowing and understanding.
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	Cultural category

	Example

	Suggested explanation referring to Figure 2.5






	Decorative arts






	 

	Glass used by artists

	Mixture – homogeneous – solid

Reason: Silica glass (SiO2) can be pure, but additives are added for blown and fused glass to lower the melting point. The clue is the gradual change of state as the glass is heated; a second clue is the examples are coloured.








	 

	Ceramics

	Mixture – heterogeneous – suspension

The solids are mixed in water, followed by chemical reaction








	 

	Water-colour paint

	Mixture – heterogeneous – suspension

The solids are suspended in water








	 

	Oil paint

	Mixture – heterogeneous – suspension

The solids are suspended in oil








	 

	Bronze

	Mixture – homogeneous – solid

Mixed solids – copper and tin








	Cuisine






	 

	Diet cola

	Mixture – homogeneous

Gas and other substances are dissolved in liquid








	 

	Chocolate chip cookie

	Mixture – heterogeneous – solid

Solids: sugar, flour, cocoa solids and liquid oils are mixed in cocoa butter








	 

	French dressing (salad ingredient)

	Mixture – heterogeneous – suspension

Solids: seasoning, suspended in a mixture of liquids: water, oil








	 

	Homogenized milk

	Mixture – homogeneous – colloid

A mixture of water, fats, proteins








	 

	Non-homogenized milk

	Mixture – heterogeneous – suspension

The mixture of water, fats and proteins will separate over time








	Hygiene practices






	 

	Toothpaste

	Mixture – heterogeneous – colloid

Liquid through solid








	 

	Facial cream

	Mixture – heterogeneous – colloid

Liquid through solid








	 

	Aerosols

	Mixture – heterogeneous – colloid

Colloid is of a solid in a gas








	 

	Soap

	Mixture – heterogeneous

Soap is a suspension followed by chemical reaction








	 

	Shampoo

	Mixture – homogeneous – liquid

The liquids are water and detergents








	Communication signals






	 

	Smoke

	Mixture – heterogeneous – colloid

The mixture is of a solid and a gas








	 

	Tattoos

	Mixture – heterogeneous – suspension

The solids:


Traditionally: ground minerals or charcoal


Modern: metal salts or even plastics suspended


Liquid (carrier) can be pure or a mixture and may be ethanol, water, glycerol









Table 2.1 Cultural uses of matter


Does understanding of the nature of mixtures improve our ability to express ourselves?


PHASES


When one substance (called the solute) dissolves in another (called the solvent), only one phase is present in the solution. A phase differs from a state of matter in that it can refer to a homogeneous mixture, such as a solution.


If the particles of the material do not dissolve, and the solute is less dense than the solvent, the mixture is called a suspension. If the solute is too dense to be suspended by the solvent, it will settle out (precipitate), forming two separate phases.


Colloidal systems lie between true solutions and suspensions. The dispersed or internal phase consists of particles between 1 and 1000 × 10−9 m (1–1000 nanometres) and the surrounding, continuous or external phase can be compared with a solvent. The materials making up the bulk of a colloid are immiscible, in other words they do not mix. They are stabilized by adding emulsifiers, which arrange themselves in a thin layer at the interface between the two liquids. Emulsifiers are molecules with different chemical properties at opposite ends.


Colloids, emulsions and gels are all examples of colloidal systems. The size of the dispersed particles can be inferred from the colloidal system’s appearance (Table 2.2).






	Size of dispersed particles

	Appearance of the system






	Macroglobules > 1 × 10−6 m (1 micron)

	Two phases are visible Milky white






	100–1000 × 10−9 m

	Blue-white






	50–100 × 10−9 m

	Grey to semi-transparent






	<50 × 10−9 m

	Transparent







Table 2.2 Inferring the size of dispersed particles in a colloidal system from its appearance


Traditional cultures are often renowned for their use of renewable materials. In construction, clothing and produce, these communities have a very direct relationship to their natural resources. Simple technologies like drying (used for grain, pulses or nuts), smoking or salting (fish) preserve food by removing the availability of water from microbes. Fresh food is often shared immediately with all members of the community.


In the developed world, the relationship of people to their natural environment is often very different. Our homes are heated or cooled to comfortable temperatures, and moist products are ideal environments for the growth of bacteria and fungi.
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DISCUSS


Do you think the technology that allows people in developed societies to store perishable materials influences how they interact with their communities?
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PREDICT–OBSERVE–EXPLAIN


What sorts of preservatives are used in your kitchen ingredients, cleaning products or cosmetics or toiletries? The following weblinks may be useful:
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•  Food products www.hc-sc.gc.ca/fn-an/securit/addit/list/11-preserv-conserv-eng.php.


•  Cosmetics www.rsc.org/education/teachers/Resources/aflchem/resources/39/39%20resources/39-2%20database.pdf and www.essentialingredients.com/pdf/ClariantPreservatives.pdf



•  Cleaning agents (bathroom and laundry) www.cps.ca/documents/position/antimicrobial-products-in-the-home
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•  Predict which ones might be listed on the labels in your pantry, bathroom and medicine cabinets.



•  Observe some product labels. Can you see any of the preservatives you have identified?



•  Explain why different types of preservatives are used in different categories of products.
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