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HOW TO GET THE MOST FROM THIS BOOK


Welcome to the CCEA GCSE Double Award Student Book.

This book covers all of the Foundation and Higher-tier content for the 2017 CCEA GCSE Double Award specification.

The following features have been included to help you get the most from this book.


Specification points

Check that you are covering all the required content for your course, with specification references and a brief overview of each chapter.
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Tip

These highlight important facts, common misconceptions and signpost you towards other relevant chapters. They also offer useful ideas for remembering difficult topics.
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Test yourself

These short questions, found throughout each chapter, allow you to check your understanding as you progress through a topic.
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Show you can

Complete the Show you can tasks to prove that you are confident in your understanding of each topic.
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Practicals

These practical tasks contain full instructions on apparatus, method and results analysis and will help develop your practical skills.

CCEA’s prescribed practicals are clearly highlighted.
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Examples

Examples of questions and calculations that feature full workings and sample answers.
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Practice questions

You will find Practice questions at the end of every chapter. These follow the style of the different types of questions you might see in your examination and have marks allocated to each question part.
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Level coding

If you are taking GCSE Double Award Foundation-tier you need to study only the material with no bars.
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If you are taking GCSE Double Award Higher-tier you need to study the material with no bars, plus the material with the purple H bar.

[image: ]






[image: ]

Answers

Answers for all questions in this book can be found online at:

www.hoddereducation.co.uk/cceagcseDoubleAward

[image: ]




 

p.1 © D. Kucharski K. Kucharska/Shutterstock; p.6 © Cordelia Molloy/Science Photo Library; p.16 © subbotina/123RF; p.21 © Sebastian Kaulitzki/Shutterstock; p.28 © Innerspace Imaging/Science Photo Library; p.33 t © Pat_Hastings/Shutterstock, b © Pixologic Studio/Science Photo Library; p.36 © Science Photo Library; p.37 © Sue Ford/Science Photo Library; p.40 © PureRadiancePhoto/Shutterstock; p.43 t © Piotr Krzeslak/Shutterstock, b © TalyaPhoto/Shutterstock; p.45 © Denmour Boyd; p.48 l © Piotr Krzeslak/Shutterstock, r © Michael G. Mill/Shutterstock; p.57 © Anest/Shutterstock; p.58 © J.C. Revy, ISM/Science Photo Library; p.60 © J.C. Revy, ISM/Science Photo Library; p.62 © Trevor Clifford Photography/Science Photo Library; p.69 © CNRI/Science Photo Library; p.70 © Biophoto Associates/Science Photo Library; p.71 © CNRI/Science Photo Library; p.77 © CNRI/Science Photo Library; p.91 tl © L. Willatt, East Anglian Regional Genetics Service/Science Photo Library, tr © CNRI/Science Photo Library, b © Saturn Stills / Science Photo Library; p.94 © Volker Steger/Science Photo Library; p.97 © MRAORAOR/Shutterstock; p.98 © Adam Hart-Davis/Science Photo Library; p.100 © Edelmann/Science Photo Library; p.103 © AJ Photo/Science Photo Library; p.104 tr © Adam Hart-Davis/Science Photo Library, tl © Tek Image/Science Photo Library; p.107 © Gecko1968/Shutterstock; p.108 © Ozgur Coskun/Shutterstock; p.109 © Gecko1968/Shutterstock; p.110 © Bob Thomas/Popperfoto/Getty Images; p.111 © William Roberts/123RF; p.113 © holbox/Shutterstock; p.115 © totojang1977/Shutterstock; p.116 © rioblanco/123RF; p.121 © John Durham/Science Photo Library; p.124 © A. and I. Kruk/Shutterstock; p.126 t © Girand/Science Photo Library, b © Kuttig – People/Alamy; p.126 l © Science Photo Library, r © Science Photo Library; p.129 © gl0ck33 / 123RF; p.141 © lazyllama/Shutterstock; p.142 © Andrew Lambert Photography/Science Photo Library; p.143 © Dmitry Zagurskiy/Shutterstock; p.146 © savitskaya iryna/Shutterstock; p.147 © Yury Kosourov/Shutterstock; p.148 © Kuttelvaserova Stuchelova/Shutterstock; p.150 © lidante/Shutterstock; p.152 l © everythingpossible/Fotolia, c © cevahir87/Fotolia, r © Andre Geim, Kostya Novoselov/Science Photo Library; p.153 l © Frannyanne/Shutterstock, c © Shiela Terry/Science Photo Library; p.154 t © Aliaksei Luskin/Alamy Stock Photo, b © James King-Holmes/Science Photo Library; p.157 t © Steve Gschmeissner/Science Photo Library, b © Matthew Bechelli/Shutterstock; p.161 t © Colin Underhill/Alamy Stock Photo, b © Marco Scisetti/Shutterstock; p.162 t © Emilio Segre Visual Archives/American Institute Of Physics/Science Photo Library, b © NASA; p.163 t © vchal/Shutterstock, b © Gyvaphoto/Shutterstock; p.164 t © sciencephotos/Alamy Stock Photo, c © Marcel Clemens/Shutterstock, b © Andrii Gorulko/Shutterstock; p.166 t © Martyn F. Chillmaid/Science Photo Library, b © Martyn F. Chillmaid/Science Photo Library; p.167 t © sciencephotos/Alamy, c © Andrew Lambert Photography/Science Photo Library, b © Andrew Lambert Photography/Science Photo Library; p.168 © Open University; p.169 © Mariyana M/Shutterstock; p.170 t © sciencephotos/Alamy, tc © ER Degginger/Science Photo Library, c © Martyn F. Chillmaid/Science Photo Library, bc © Charles D. Winters/Science Photo Library, b © concept w/Fotolia.com; p.171 tl © Photo Researchers Inc./Science Photo Library, tr © Joe Belanger/Shutterstock, b © Andrew Lambert Photography/Science Photo Library; p.173 © Martyn F. Chillmaid/Science Photo Library; p.176 © littleny/123RF; p.177 l © GIPhotoStock/Science Photo Library, lc © Andrew Lambert Photography/Science Photo Library, rc © Nneirda/Shutterstock, r © geejays / 123RF; p.181 t © SGM/Shutterstock, b © Zastolskiy Victor/Shutterstock; p.183 t © marcin jucha/Shutterstock, b © STILLFX/Shutterstock; p.185 t © ffolas/Shutterstock, b © Alan Sirulnikoff/Science Photo Library; p.187 © anyaivanova/Shutterstock; p.189 © Africa Studio/Shutterstock; p.192 © Mark_KA/Shutterstock; p.193 © uwimages – Fotolia.com; p.194 t © Mouse in the house/Alamy, b hypermania2l/123RF; p.195 © alpimages/Shutterstock; p.197 © Nneirda/ Shutterstock; p.199 © Martyn F. Chillmaid/Science Photo Library; p.204 t © Marek R. Swadzba/Shutterstock, c © Science Photo Library, b Science Photo Library; p.205 © Andrew Lambert Photography/Science Photo Library; p.207 © Tim UR/Shutterstock; p.208 tl © Charlie Edwards/Shutterstock, tr © yelenayemchuk/123RF, bl © Martin Shields/Alamy, br © Bork/Shutterstock; p.210 © Budimir Jevtic/Shutterstock; p.213 © Andrew Lambert Photography/Science Photo Library; p.214 t © Daniel hughes/Shutterstock, b © Andrew Lambert Photography/Science Photo Library; p.216 © Science Photo Library; p.222 t © Prath/Shutterstock, c © alpimages/Shutterstock, b © Ingram; p.224 © Andrew Lambert Photography/Science Photo Library; p.227 l © M. Unal Ozmen/Shutterstock, r © Trevor Clifford Photography/Science Photo Library; p.230 tl © Nora Henry, tc © Nora Henry, tr © Nora Henry, b © Science Photo Library; p.232 © Science Photo Library; p.233 © David Taylor/Science Photo Library; p.236 © sciencephotos/Alamy p.237 © GIPhotoStock/Science Photo Library; p.241 t © Charles D. Winters/Science Photo Library, b © GIPhotoStock/Science Photo Library; p.243 © Jeffrey B. Banke/Shutterstock; p.246 t © WDG Photo/Shutterstock, b © Eric Audras/Getty; p.251 tl © Matej Hudovernik/Shutterstock, tr © Nahilk/Shutterstock, b © Jan Eufinger/Shutterstock; p.252 t © Greg McGill/Shutterstock, c © Barnaby Chambers/Shutterstock, b © BMCL/Shutterstock; p.253 t © Jesus Keller/Shutterstock, b © 3523studio/Shutterstock; p.254 l © A. Cornu, Publiphoto Diffusion/Science Photo Library, r dibrova/Shutterstock; p.257 t © bluesnote/Shutterstock, c © Luke Schmidt/Shutterstock, b © Radoslaw/Shutterstock; p.259 © Martyn F. Chillmaid/Science Photo Library; p.265 © Pcn Photogaphy/Alamy; p.266 © Martyn F. Chillmaid/Science Photo Library; p.268 © nipaporn/Fotolia; p.273 t © royaltystockphoto/123RF, bl © MBI/Alamy, br © Bon Appetit/Alamy; p.274 © Martyn F. Chillmaid/Science Photo Library; p.275 © Freedom_Studio/Shutterstock; p.279 t © Africa Studio/Shutterstock, b © phattanasangsa/Fotolia; p.281 © Alekss/Fotolia; p.283 t © Anna Jurkovska/Shutterstock, b © PhotoSerg/Shutterstock; p.284 t © Robert_Chlopas/Shutterstock, c © Armin Rose/Shutterstock, b © Adam Hart-Davis/Science Photo Library; p.285 l © Karol Kozlowski/Shutterstock, r © OPgrapher/Shutterstock; p.286 © Martyn F. Chillmaid/Science Photo Library; p.288 © Martyn F. Chillmaid/Science Photo Library; p.289 l © Andrew Lambert Photography/Science Photo Library, r © Andrew Lambert Photography/Science Photo Library; p.290 © multiart/Shutterstock; p.291 © Mindscape studio/Shutterstock; p.292 © Vova Shevchuk/Shutterstock; p.293 © Zeljko Radojko/Shutterstock; p.296 © Christian Draghici/Shutterstock; p.297 © Philipp Zechner/Alamy Stock Photo; p.298 © Zoonar GmbH/Alamy Stock Photo; p.300 © Fortyforks/Shutterstock; p.301 © Ivaschenko Roman/Shutterstock; p.302 © Martyn F. Chillmaid/Science Photo Library; p.304 t © Andrew Lambert Photography/Science Photo Library, tc © Martyn F. Chillmaid/Science Photo Library, c © Andrew Lambert Photography/Science Photo Library, bc © geejays/123RF, b © Richard Grime; p.305 © Paul Rapson/Science Photo Library; p.310 © Nora Henry; p.316 © Science Photo Library; p.317 t © svariophoto/shutterstock, b © Science Photo Library; p.321 © Sputnik/Science Photo Library; p.322 © Pedro Antonio Salaverría Calahorra/123RF; p.325 t © Lucie Lang/Shutterstock, b © studiomode/Alamy Stock Photo; p.326 © loganban/123RF; p.328 © Robert Daly/Getty Images; p.329 © Oleg Doroshin/123RF; p.330 © fotohunter/Shutterstock; p.335 © GIPhotoStock/Science Photo Library; p.336 l © movingmoment/123RF, r © Aleksey Sagitov/123RF, b © helenap2014/123RF; p.337 © Martyn F. Chillmaid/Science Photo Library; p.338 t © Richard Kail/Science Photo Library, b © Wavebreak Media Ltd/123RF; p.339 © Science Photo Library; p.340 t © Andrew Lambert Photography/Science Photo Library, b © ER Degginger/Science Photo Library; p.341 t © Mette Fairgrieve/Shutterstock, b © Alex Bartel/Science Photo Library; p.342 t © Andrew Lambert Photography/Science Photo Library, b © ER Degginger/Science Photo Library; p.346 © mikhail mandrygin/123RF; p.357 © Germanskydiver/Shutterstock; p. 365 © Germanskydiver/Shutterstock; p.369 © Gary Hawkins/Rex Features; p.378 © Gary Hawkins/Rex Features; p.384 © Senohrabek/Shutterstock; p.391 © Diyana Dimitrova/123RF; p.406 © Diyana Dimitrova/123RF; p.407 © David Parker/Science Photo Library; p.417 tl © Chris Priest/Science Photo Library, bl © Hank Morgan/Science Photo Library, br © Mediscan/Alamy; p.427 © Darren Brode/Fotolia; p.431 © Darren Brode/Fotolia; p.436 © Piotr Krzeslak/Shutterstock; p.451 © PhotosIndia.com LLC/123RF; p.471 © Chakrapong Worathat/123RF; p.472 tl © Chakrapong Worathat/123RF, tr © Konstantin Gushcha/Fotolia, bl © misterryba/Fotolia, bc © Jaroslaw Grudzinski/Fotolia, br © Jamie Kingham/Getty Images; p.481 © NG Images/Alamy Stock Photo; p.486 © Reinhold Wittich/123RF; p.491 © The Print Collector/Alamy Stock Photo; p.494 © Reinhold Wittich/123RF; p.495 © Sashkin/Shutterstock.






UNIT B1

1 Cells
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Specification points

This chapter covers specification points 1.1.1 to 1.1.5. It relates to the structures of animal, plant and bacterial cells, and the specialisation of cells in multi-celled organisms.
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Cells

Living organisms are made up of microscopic units called cells.
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Figure 1.1 An animal cell and a plant cell




Animal cells

Animal cells are surrounded by a selectively permeable cell membrane that forms a boundary to the cell and controls what enters or leaves. The main part of the cell is the cytoplasm and this is where chemical reactions take place.

The nucleus, surrounded by a nuclear membrane, contains several threadlike structures: the chromosomes. Each chromosome is made of a molecule of DeoxyriboNucleic Acid (DNA) which has part of the organism’s genetic information coded in its structure. For this reason, the nucleus is sometimes referred to as the control centre of the cell.
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Mitochondria are structures in the cytoplasm within which the chemical reactions of cell respiration take place.
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Tip

Cells like muscle cells need a lot of energy and so have many more mitochondria in their cytoplasm.
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Plant cells

Like animal cells, plant cells have a cell membrane, cytoplasm with mitochondria and a nucleus containing chromosomes. However, in addition they have:


•  a cellulose cell wall, which is a stiff structure immediately outside the cell membrane that provides support

•  a large permanent vacuole in the cytoplasm containing cell sap, that when full pushes the cell membrane against the cell wall, making the cell rigid and providing more support

•  chloroplasts in the cytoplasm that contain chlorophyll, which traps light and helps the plant make food during photosynthesis. Chloroplasts are not found in all plant cells – they are only present in green parts of the plant, particularly the leaves.
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Test yourself


1  Draw a table to compare the structures found in animal, plant and bacterial cells.

2  What is the function of:




    a)  a cell membrane

    b)  a chloroplast

    c)  a mitochondrion?




3  Give two structures in bacterial cells that contain DNA.
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Bacterial cells

Bacteria are microscopic single-celled organisms (microorganisms). They are neither plant nor animal, largely because their cell structure is very different. They have a cell membrane surrounding cytoplasm but there is no nucleus. The genetic material (DNA) is in the form of a circular chromosome within the cytoplasm. Small rings of DNA, called plasmids, are also present, as shown in Figure 1.2. A cell wall is present but it is not made of cellulose.
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Figure 1.2 A typical bacterial cell






Observing cells using a microscope

Although a few cells, like birds’ eggs, are large and can be seen with the naked eye, the vast majority can only be seen using a microscope. In school, you will use a light microscope in which light shines through a thin layer of cells on a slide.


Making slides

Most slides containing animal cells will already be prepared for you but you should get a chance to prepare temporary slides containing animal and plant cells. Figure 1.3 outlines the procedure for making a temporary slide containing onion skin cells.
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Figure 1.3 How to prepare a temporary slide of onion cells



Forceps are used to peel the thin, transparent layer of epidermis cells from the inside of a small section of onion leaf. The epidermis cells are then placed on a microscope slide with a few drops of water. Iodine solution or methylene blue can be used instead of water – these chemical stains colour the cells, making certain parts such as the nucleus more obvious.

A coverslip is then lowered onto the onion epidermis using a mounted needle or forceps. It is better to lower the coverslip one end first as this helps to prevent trapping air bubbles. The coverslip will protect the lens of the microscope should it have contact with the slide and will prevent the cells drying out.



Using a microscope
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Figure 1.4 A light microscope and how it works
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Tip

Sometimes you will see black rings in your slide preparation – these are probably air bubbles trapped under the coverslip.
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Tip

When moving the slide on the stage to focus on a different part of the field of view, moving the slide away from you moves what you see towards you and vice versa.
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When using a light microscope (Figure 1.4), it is important to start by using the low power objective lens. With the low power lens (×4 or ×10) the circle of light you see in the eyepiece (the field of view) is wider and allows you to see more of the cells on the slide. This makes it easier to find what you are looking for and to focus a sharp image.

After you observe the cells at low power you may want to see some of them in more detail. To do this, first move the slide slightly so that the cell or area of cells you want to look at in greater detail is in the centre of the field of view. One of the larger, high power, objective lenses (×20 or ×40) can then be carefully rotated into place and focused.

Great care is needed while rotating a high-power lens into position above the slide as the end of the high-power lenses are very close to the slide and can be damaged while focusing.
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Test yourself


4  Why are chemical stains used in temporary slides?

5  What is the field of view?

6  If the microscope you are using has an eyepiece with ×10 magnification, what is the total magnification of the image you see when using an objective lens with a magnification:




    a)  ×10?

    b)  ×40?
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Show you can

Describe how to use a microscope to observe a specimen on a slide.
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Show you can

Explain why you can see more onion cells in the field of view with a low power objective lens than with one of high power.
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Tissues, organs, organ systems and organisms

In single-celled organisms all the life processes are carried out by the one cell but in multi-celled organisms the cells differentiate and become specialised. They develop a structure which best adapts them to the function they carry out, for example red blood cells (page 69) and plant palisade cells (page 12).

Specialised cells are not just randomly spread through an organism but are organised into groups in an effective manner. There are different levels of organisation:


1  Cells with the same specialised structure and function are grouped together and are called a tissue. Examples of animal tissues include blood and skin.

2  An organ is a structure made of several types of tissue that carries out a particular function:




    •  the heart contains muscle, nerve and blood tissues and its function is to pump blood around the body

    •  the leaf is an example of an organ in a plant which contains several different tissues and has the function of photosynthesis.




3  Organs which operate together to carry out a particular function are linked together into organ systems. Table 1.1 summarises three of the organ systems in humans.
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Practice questions


1  a)  Give two features of a bacterial cell which are not found in a plant cell.

(2 marks)

    b)  Give two features of a plant cell which are not found in a bacterial cell.

(2 marks)




2  The body contains several organ systems. Copy and complete Table 1.2, inserting where appropriate the name of the organ system, its function and two of the main organs involved.

(6 marks)
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2 Photosynthesis and plant leaves
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Specification points

This chapter covers specification points 1.2.1 to 1.2.6. It covers understanding of the process of photosynthesis, knowledge of the equations involved, investigations into the factors which affect the rate of photosynthesis and how the structure of a plant leaf is adapted for gas exchange and light absorption.
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Photosynthesis

Photosynthesis takes place in the green parts of plants, particularly in the leaves, where the raw materials of carbon dioxide and water are made into glucose (sugar). The glucose is usually immediately converted into starch and stored in cells. The green pigment chlorophyll plays an important role in photosynthesis as it traps the light from the Sun that is needed to drive the process. This absorption of energy means photosynthesis is described as endothermic. Oxygen is produced as a waste product.

Photosynthesis can be summarised by the word equation:
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Tip

An endothermic process or reaction is one which absorbs energy (light energy in the case of photosynthesis) from its surroundings.
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and the balanced chemical equation:
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In photosynthesis, light energy from the Sun is converted into chemical energy (food in the form of sugar and starch).

The glucose that is produced in photosynthesis can be used in several ways or converted into a range of products that the plant requires. Uses include:


•  respiration – the glucose is used in respiration to provide energy

•  storage – in many plants the glucose is converted into starch and oils for storage

•  useful substances – the glucose can be converted into a range of useful products including cellulose (for cell walls), chlorophyll and protein for growth.



Leaves (and other parts of the plant) that are carrying out photosynthesis in bright light will take carbon dioxide into the leaves and oxygen will pass out. Not surprisingly, the brighter the light, the faster the process will take place.

Photosynthesis is important for animals as well as plants, as it provides a source of food and releases oxygen back into the atmosphere.



Photosynthesis experiments

It is possible to carry out investigations to show that photosynthesis is taking place or that particular raw materials are needed for the process.


The starch test

This test is used to show the presence of starch in green leaves and allows the conclusion that photosynthesis has taken place. The starch test consists of a series of steps. Remember to wear eye protection for this test.


1  A leaf is removed from a plant that has been in bright light and is placed in boiling water for at least 30 seconds. This kills the leaf, stopping any chemical reactions.

2  The leaf is then placed in boiling ethanol (Figure 2.1). This procedure must take place using a water bath as ethanol is flammable and must not be exposed to a direct flame. The ethanol removes the chlorophyll from the leaf making it a whitish-green colour and brittle.

3  The leaf is then dipped into water again to soften it.

4  The soft leaf can then be spread on a white tile and iodine solution added.



If starch is present, the yellow-brown iodine solution will change to a blue-black colour. If starch is absent the iodine solution will remain yellow-brown.
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Figure 2.1 Testing a leaf for starch
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Test yourself


1  Where is chlorophyll found in plants?

2  What are the products of photosynthesis?

3  How does a plant use the products of photosynthesis?

4  Why are the products of photosynthesis also important to animals?

5  How is a plant destarched?
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Destarching

To carry out these experiments it is necessary to destarch the leaves of the plant first. Leaves can be destarched by leaving the plant in the dark for at least two days. This will ensure that any starch already in the leaves will either be used by the plant cells or removed and stored elsewhere in the plant. The importance of this is that if the starch test at the end of the experiment is positive, it shows that starch has been produced during the period of the experiment.
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Show you can

Explain why, after destarching a plant, it is necessary to test one of the plant leaves for the presence of starch before starting the experiment.
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Prescribed practical

Prescribed practical B1: Investigating the need for light and chlorophyll in photosynthesis

Investigate the need for light in photosynthesis

Procedure


1  Destarch a plant by keeping it in a cupboard for two days.

2  Test a leaf from the destarched plant for the presence of starch. If the leaf tests negative continue to 3.

3  Cover a part of one leaf of the plant with lightproof paper or foil as shown in Figure 2.2a. Make a drawing of the destarched leaf at the start of the experiment.

4  Place the plant in bright light for several hours.

5  Test the leaf from the plant for starch. Make a drawing of the leaf after it is tested for starch.



Sample drawings of the leaf
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Figure 2.2 Drawings of a leaf investigating the need for light in photosynthesis a) before and b) after being tested for starch.



Questions


1  Describe and explain the results.

2  Which part of the leaf acts as a control in this experiment?



Investigate the need for chlorophyll in photosynthesis

Procedure


1  Destarch a variegated plant by keeping it in a cupboard for two days. Remember to wear eye protection.

2  Test a leaf from the destarched plant for the presence of starch. If the leaf tests negative, continue to step 3 to proceed with the investigation.

3  Make a drawing of one of the leaves.

4  Place the plant in bright light for several hours.

5  Test the leaf from the plant for starch.

6  Make a drawing of the same leaf after it is tested for starch.



Sample drawings of the leaf
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Figure 2.3 Drawings of a leaf investigating the need for chlorophyll in photosynthesis a) before and b) after being tested for starch



Questions


1  Describe and explain the results.

2  Which part of the leaf acts as the control in this experiment?
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Investigating the need for carbon dioxide

To show that carbon dioxide is an essential raw material for photosynthesis it is necessary to compare a leaf that is deprived of carbon dioxide with a leaf that has a good supply of carbon dioxide. This can be achieved by comparing two leaves as shown in Figure 2.4. Sodium hydroxide will absorb the carbon dioxide from the air surrounding the experimental leaf. The control leaf will only have water (or a chemical that increases carbon dioxide levels) in its flask and therefore there will be carbon dioxide present.
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Figure 2.4 Investigating the need for carbon dioxide in photosynthesis





[image: ]

Test yourself


6  In Figure 2.4, which flask has the lowest concentration of carbon dioxide? Explain your answer.

7  Why is the cotton wool in the neck of the experimental flask soaked in sodium hydroxide?

8  Explain why the experiment uses leaves from the same plant.

9  Describe and explain the steps involved in testing the leaves for starch.
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Show you can

If carbon dioxide is essential for photosynthesis, what results would you expect?
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Measuring the rate of photosynthesis

Using apparatus like that shown in Figure 2.5, it is possible to demonstrate that oxygen is produced by photosynthesis. The rate of photosynthesis will affect the rate at which the bubbles of oxygen will be given off and this can be used to compare photosynthesis rates in different conditions. For example, by moving the position of the lamp it is possible to investigate the effect of light intensity on photosynthesis.
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Figure 2.5 Measuring the rate of photosynthesis



The rate of photosynthesis can be more accurately calculated by measuring the volume of oxygen produced after five minutes. Alternatively, an oxygen electrode connected to a data logger can be used to measure the change of oxygen concentration.
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Test yourself


10  What measurements would be required to calculate the rate of photosynthesis using the apparatus in Figure 2.5?

11  How is the rate of photosynthesis calculated and what units would be used?

12  What effect would moving the lamp further away from the beaker have on the rate of photosynthesis?

13  Why is counting bubbles not an accurate method of measuring the volume of oxygen produced?
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Show you can

Suggest why it is necessary to wait for five minutes each time the lamp is moved before taking measurements.
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Factors affecting the rate of photosynthesis

The rate at which photosynthesis occurs depends on the availability of the raw materials needed for the process, carbon dioxide, water and light. As we have seen from the equations (page 6), carbon dioxide and water are the substrates which join together chemically to form the product of photosynthesis (sugar). Increases in these substrates will increase the rate at which the products of photosynthesis are formed. Light provides the energy needed to join the substrates together so again more light means more products formed.
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Test yourself


14  Why does temperature affect photosynthesis?

15  What other factors affect photosynthesis?
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Temperature affects all reactions. Increasing temperature also gives molecules energy (kinetic energy), making them move faster and collide more often, which also increases the number of reactions.
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For photosynthesis to take place at its maximum rate, all of these environmental factors must be present at peak or optimum levels. However, if one (or more) factor is in short supply, the rate of photosynthesis will be limited. These raw materials become limiting factors and the rate of photosynthesis will be determined by whichever factor is in the shortest supply.
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Test yourself


16  Why is it important for farmers to understand limiting factors?

17  What is a limiting factor in the process of photosynthesis?
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Figure 2.6 shows the effect of light intensity on the rate of photosynthesis. Part a) shows how temperature (cold and hot days) can further influence the rate.


[image: ]

Figure 2.6 These graphs show how the rate of photosynthesis is affected by increasing light intensity a) on a hot and cold day; b) at higher and lower CO2 concentrations
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Tip

A limiting factor in photosynthesis is any of the environmental factors (light, carbon dioxide or temperature) which prevents the reactions of photosynthesis taking place at their maximum rate.
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As light intensity increases, irrespective of temperature, the rate of photosynthesis increases up to a point where the graph begins to level off and form a plateau. As an increase in light intensity causes an increase in photosynthesis at the lower light levels, the amount of light must be limiting the rate at which photosynthesis occurs. Within the plateau part of the graph, further increases in light intensity do not lead to an increase in photosynthesis, therefore something else must be limiting the rate.

The effect of temperature can be explained by comparing the rates of photosynthesis on cold and hot days. On a hot day, photosynthesis occurs at a higher rate at higher light intensities when compared to a cooler day. Therefore, we can conclude that temperature is limiting the rate of photosynthesis at the higher light intensities on the cooler day.

It is possible that the rate of photosynthesis may still not be at its maximum where the rate has plateaued on a hot day at the highest light intensities. It is possible that carbon dioxide could be a limiting factor in these conditions. To test this, we would need to increase carbon dioxide levels to see if this has any effect.
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Show you can

Use the information in Figure 2.6 to help you decide which factor might limit the rate of photosynthesis in the following situations:


a)  during a bright winter afternoon in a British grassland

b)  in a cornfield in mid-summer sunshine in Southern France.
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Figure 2.6b shows how light intensity affects the rate of photosynthesis at different carbon dioxide levels. Again, light intensity is limiting the rate of photosynthesis at low light levels. The fact that an increased carbon dioxide level leads to a higher rate of photosynthesis at higher light intensities shows that the low carbon dioxide level was a limiting factor once light levels had ceased to be limiting.

It is important for farmers and growers to understand how photosynthesis affects their crops as reducing the effects of limiting factors will increase the growth of a crop.
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The leaf: the site of photosynthesis

In most plants the process of photosynthesis takes place in the leaves. Leaves come in many shapes and sizes but, to allow photosynthesis to take place efficiently, they are usually adapted for:


•  light absorption

•  gas exchange



The way in which leaves are arranged on a plant ensures that each leaf can absorb as much light as possible and that as far as possible each leaf is not in the shade of other leaves. The section through a leaf shown in Figure 2.7 shows many other ways in which a leaf is designed to aid light absorption and encourage gas exchange.
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Tip

Leaves are also adapted for defence against disease by the cuticle and cell walls of the epidermis providing a physical barrier, which reduces the entry of disease-causing organisms.
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Use a microscope to investigate a cross section of a mesophytic (typical unspecialised) leaf. The leaf you examine may be different from the one described in this book, but you should look for as many adaptations for maximising light absorption and gas exchange as possible.
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Figure 2.7 Cross-section of a mesophytic leaf



Light absorption in a leaf is maximised by:


•  the short distance between the upper and lower surfaces, which allows all the cells to receive light

•  the large surface area

•  the thin transparent cuticle covering the epidermis, which reduces water loss by evaporation, while allowing light to enter the leaf

•  the epidermis which lacks chloroplasts and so also allows light into the leaf

•  the presence of chloroplasts rich in the pigment chlorophyll which absorbs the light

•  the regular structure of the palisade mesophyll (end on to the upper surface), which ensures that many cells rich in chloroplasts are packed together near the upper surface of the leaf.
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Tip

Water also moves through the intercellular air spaces as a gas (water vapour). It is formed by evaporation from the moist surfaces of the spongy mesophyll cells and then diffuses through the air spaces and stomata out of the leaf. This is part of the transpiration stream discussed in Chapter 8.
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Gas exchange in a leaf takes place by diffusion and is maximised by:


•  the intercellular air spaces in the spongy mesophyll, which allow carbon dioxide to enter and oxygen to leave the photosynthesising cells, which are mainly concentrated in the palisade layer

•  stomata, which allow carbon dioxide and oxygen to enter and leave the leaf. Stomata are small pores that can occur between cells in the epidermis on the lower surfaces of leaves. Each stoma is surrounded by two guard cells that regulate the opening and closing of the stoma. In many plants the stomata are open during the day and closed at night.
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Test yourself


18  Why are leaves thin?

19  Name the waxy layer on the upper surface of a leaf.

20  Which layer of cells has the highest density of chloroplasts?

21  Which process causes gases to move through the intercellular air spaces and through the stomata?
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Show you can

Water lilies have leaves which float on the surface of water. Suggest why they only have stomata on their upper leaf surfaces?
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In some plants stomata can occur on both the upper and the lower leaf surface. Some plants have all their stomata on their upper leaf surfaces.
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The balance between photosynthesis and respiration

All living organisms respire. In plant respiration, the glucose produced in photosynthesis is broken down to release energy. Plants require oxygen to respire and they produce carbon dioxide as a waste product. These gases enter the leaves through the stomata.

During the night when there is no light for photosynthesis, respiration will be the only process involving gas exchange that takes place. Therefore, oxygen will enter the leaf and carbon dioxide will leave. However, during the day when photosynthesis is occurring both processes will take place. When the light intensity is high the rate of photosynthesis will exceed the rate of respiration. When this happens, carbon dioxide enters the leaves and oxygen moves out.

There will be times during the day when the light intensity is low, causing photosynthesis to take place very slowly. At these points, usually at dawn and dusk, the rates of respiration and photosynthesis are equal and there will be no overall, or net, gas exchange. This point is called the compensation point.

The movement of carbon dioxide into and out of plants can be determined using hydrogencarbonate indicator. Hydrogencarbonate indicator is bright red in normal concentrations of atmospheric carbon dioxide. If there is an increase in the carbon dioxide concentration the indicator will change colour to yellow. A decrease in the carbon dioxide concentration will turn the indicator purple. Figure 2.8 shows how the indicator can be used to show gas exchange in living organisms.
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Figure 2.8 The effect of photosynthesis and respiration on gas exchange. Each boiling tube was filled with hydrogencarbonate indicator and placed in bright light for 1 hour
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Test yourself


22  How does the colour of hydrogencarbonate indicator change when the concentration of carbon dioxide increases?

23  What has happened to the concentration of carbon dioxide if hydrogencarbonate indicator becomes purple?

24  Which environmental factor causes a compensation point?

25  What happens to the rates of photosynthesis and respiration at the compensation point?
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Show you can

How could the compensation point be demonstrated using Tube B?
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The results are explained in Table 2.1.
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Practice questions


1  Photosynthesis occurs in plant leaves.




    a)  Name the chemical in leaves that absorbs light for photosynthesis.

(1 mark)

    b)  What term is used to describe reactions such as photosynthesis that require energy?

(1 mark)

    c)  Copy and complete the boxes in the word equation for photosynthesis.

(3 marks)
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2  Figure 2.9 shows a section of a leaf.
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Figure 2.9




    a)  Name parts A, B, C and D.

(4 marks)

    b)  Explain how parts A and B adapt the leaf for photosynthesis.

(2 marks)

    c)  Describe and explain how carbon dioxide moves from the air into the site of photosynthesis in B.

(4 marks)
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3  Figure 2.10 shows the setup of an investigation into the effect of light on the rate of photosynthesis.
Three sealed tubes containing pondweed and equal volumes of red indicator solution were placed in different light conditions for 24 hours.
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Figure 2.10



After 24 hours the indicator in A was purple, B was red and C was yellow.


    a)  Describe the contents of a suitable control for this investigation.

(1 mark)

    b)  Suggest one reason why it may not be valid to compare the results for each tube.

(1 mark)

    c)  Name the indicator solution.

(1 mark)

    d)  Explain the colour change in tube A.

(2 marks)

    e)  Tube B represents the compensation point. Explain what the compensation point is in this experiment.

(2 marks)
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4  a)  What is diffusion?

(2 marks)

    b)  Explain how temperature affects diffusion.

(2 marks)




5  Figure 2.11 shows a graph of the carbon dioxide used by photosynthesis and produced by respiration during one day.




[image: ]

Figure 2.11



Use evidence from the graph to help explain the relationship between respiration and photosynthesis at:


    a)  A

(3 marks)

    b)  B

(3 marks)

    c)  C

(3 marks)
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3 Food and energy
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Specification points

This chapter covers specification points 1.3.1 to 1.3.3.

It covers biological molecules (food types), food tests and the energy content of food.
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The food we eat, our diet, consists of different biological molecules which provide energy and contain chemicals necessary for growth and the repair or functioning of cells and our body.

There are therefore important links between our diet and our health that are discussed in other chapters of this book, including:


•  Obesity (being very overweight) caused by taking in too much energy (Chapter 13).

•  Heart disease and strokes caused by the build-up of fatty substances (cholesterol) in the walls of arteries (Chapter 13).

•  Diabetes (type 2) caused by poor diet or obesity leading to the body being unable to effectively control blood sugar levels (Chapter 6).




Biological molecules

The foods we eat are made of a range of biological molecules of which there are three important groups: carbohydrates, proteins and fats. The individual molecules of carbohydrates, proteins and fats all contain the elements carbon, hydrogen and oxygen, while all proteins also contain the element nitrogen.


Carbohydrates

These include sugars, such as glucose and lactose (the sugar in milk), and the more complex carbohydrates (cellulose, glycogen and starch). The sugars taste sweet and are soluble in water. The more complex carbohydrates consist of long chains of the sugars joined together (Figure 3.1).
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Figure 3.1 Simple and complex carbohydrates



Starch is a very important part of the human diet and it is broken down to glucose during digestion. In our bodies, we store carbohydrate as glycogen and this can be broken down to glucose when our sugar reserves are low.

Cellulose, found in plant cell walls, cannot be digested by humans but still plays an important role in the diet as fibre, adding bulk to our food and helping the muscles of the intestine wall push the food along.

Carbohydrates provide energy – simple sugars are a fast acting energy source and starch is a slow release source. Examples of foods rich in simple sugars include biscuits, cakes, jam and fizzy drinks. Potatoes, rice, pasta and bread are all rich in starch.



Protein

Protein provides the building blocks for the growth and repair of cells but can be used for energy when reserves of carbohydrate and fat are low. Proteins are complex molecules consisting of long chains of amino acids (Figure 3.2). There are 20 different amino acids which can join in different sequences and produce many thousands of different proteins.

When the proteins we eat are digested, the amino acids are absorbed into the blood, and in our body cells, are reassembled into the different proteins the body needs. Some of the proteins you will learn about are enzymes (Chapter 4), haemoglobin (Chapter 9) and antibodies (Chapter 13).
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Tip

Carbohydrates and fats provide most of the energy in our diet while the proteins are required for growth and repair.

[image: ]




Good examples of foods rich in protein are lean meat, beans, fish and egg white.
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Figure 3.2 Proteins are made up of amino acids





Fat
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Fats are also known as lipids, their structure is shown in Figure 3.3.
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Fat is an excellent energy store, providing double the energy per gram of carbohydrate and protein. Foods high in fat include streaky bacon, cheese, other dairy products and lard.

When fat is digested, it is broken down into fatty acids and glycerol.
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Figure 3.3 Fats are made up of fatty acids and glycerol
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Tip

Each molecule of fat breaks down into one molecule of glycerol and three molecules of fatty acids.

[image: ]







Food tests

You should carry out food tests for sugars, starch, protein and fats on a range of foods. It is often necessary to break the food up using a pestle and mortar and to add a small quantity of water to make it into a solution before carrying out the test. The tests involve adding a chemical known as a reagent to the food solution. The reagent will change colour if a particular biological molecule is present in the food. Table 3.1 outlines the tests you need to know.
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Test yourself


1  Name the three elements found in all biological molecules.

2  Which two types of biological molecule provide most of the energy in our food?

3  Name the reagents used in a biuret test.

4  Apart from the reagent used and the colour change, describe one way the Benedict’s test differs from the other food tests.
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Show you can

Plan an experiment using the Benedict’s test to compare how much sugar is present in a potato and an onion. State what you would do to make your results valid (a fair test).
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Prescribed practical

Prescribed practical B2: Investigating the energy

content of food by burning food samples

The apparatus in Figure 3.4 can be used to compare energy values in different foods such as crisps, bread and pasta (for safety reasons nuts should not be used). The food is held on the end of a mounted needle, ignited and then placed immediately underneath the test tube. The rise in temperature of the water in the test tube will give an indication of how much energy there is in the food.

The energy released by a food sample is measured in joules (J) and is calculated using the following equation.

[image: ]

If the same mass of food is burned each time, then the result of this equation can be used to compare foods.

However, it is not always possible to measure the same mass of food each time. Since the more food is burned, the more energy will be released, it is necessary to calculate the energy released by each gram of food burned. This is done by dividing the energy released (J) by the mass (g) of the food burned.

[image: ]

Although the energy values of foods can be compared in the laboratory as described above, food labels on packaging can also be used to check the accuracy of your calculations.
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Figure 3.4 Measuring the energy content of food by burning
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Tip

The energy in food is often more than 1000 J. In such cases the energy is expressed in kilojoules (kJ): 1000 J = 1 kJ
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Procedure

(SAFETY - wear eye protection)


  1  Add 20 cm3 of water to a boiling tube, clamped in a retort stand as shown in Figure 3.4.

  2  Record the temperature of the water.

  3  Weigh approximately half of a potato crisp.

  4  Secure the crisp on a mounted needle.

  5  Light the crisp in a Bunsen burner flame and quickly hold it under the boiling tube.

  6  Keep the burning crisp under the boiling tube until it is completely burned. If necessary, relight and replace under the boiling tube.

  7  Record the maximum temperature of the water after the crisp is burned.

  8  Repeat the experiment (steps 1–7) with two more samples of the same type of crisp.

  9  Record the results in the table.

10  Copy and complete the table by calculating the energy released by each crisp and the average energy released per gram of crisp.
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Sample results and questions
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Questions


1  List three factors (variables) you would have to keep the same each time you test a food using the apparatus in Figure 3.4, to give valid results (a fair test).

2  If the piece of food stops burning while under the tube, explain why it should be relit and replaced under the tube until it does not light when placed in a Bunsen burner flame.

3  Explain the importance of calculating the average energy released per gram.

4  The typical energy value of crisps given on the packet is 21 kJ/g. What percentage of the typical energy was measured using this method?

5  Suggest why the energy value you get from burning a food is likely to be an underestimation of the energy in the food.

6  Suggest two ways the accuracy of this method could be improved.
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Practice questions


1  Table 3.4 shows the results of food tests carried out on a biscuit.
Use the information in the table to draw conclusions about the types of molecule in the biscuit.
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Describe and explain the colour change for each food test.
In this question you will be assessed on your written communication skills, including the use of specialist scientific terms.

(6 marks)
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4 Digestion
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Specification points

This chapter covers specification points 1.4.1 to 1.4.3. It covers enzymes as proteins that are biological catalysts, the effects of temperature, pH, enzyme concentration and inhibitors on the action of enzymes, and their role in digestion and commercial uses.
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Enzymes

All enzymes are proteins that function as biological catalysts, speeding up the rate of reactions such as photosynthesis, respiration, digestion and many others in living organisms.

Some of these reactions, such as respiration and digestion, involve breaking down large molecules, while others, such as photosynthesis, join small molecules together into larger ones. This chapter looks at the enzymes of digestion.
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Tip

A catalyst is a substance which increases the rate of a chemical reaction without being changed or consumed during the reaction.
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How enzymes work

The molecule on which an enzyme acts is the substrate, while the molecule which is formed by the reaction is the product. Enzymes work because the shape of the substrate matches exactly the shape of a special region in the enzyme molecule, called the active site. The shape of the substrate and the active site are complementary, so when they collide the substrate fits snugly into the active site of the enzyme. This tight fit then enables the enzyme to catalyse the reaction and, in a reaction such as digestion, split the substrate into its products. The enzyme molecule is not changed or used up by the reaction and so is available to repeat the reaction every time it collides with a substrate molecule.
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Figure 4.1 How enzymes work



The action of enzymes as described in Figure 4.1 is referred to as the ‘lock and key model’ due to the importance of the tight fit between the enzyme’s active site and the substrate. This lock and key model can explain the principle of enzyme specificity – each enzyme is specific in that it will only work on its normal substrate. For example, only starch will fit into the active site of amylase and be broken down – other molecules such as proteins cannot fit into the active site. Table 4.1 shows the substrates and products produced by some enzymes.
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Tip

The name of most enzymes begins with the name of the substrate and ends with ‘ase’.
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Inhibitors

However, there are molecules that fit loosely or partially into the active site of some enzymes. Such molecules are called inhibitors because, while they occupy the active site of the enzyme, substrate molecules cannot enter and be broken down, which leads to a reduced (inhibited) rate of reaction.
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Figure 4.2 How an inhibitor stops an enzyme working
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Test yourself


1  What is an enzyme?

2  What does it mean when the shape of a substrate and the shape of an enzyme’s active site are described as complementary?

3  Explain substrate specificity.

4  Name the type of enzyme which digests proteins.
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Show you can

Explain the effect of an inhibitor on the action of an enzyme.
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The effects of temperature and pH on the action of amylase
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Figure 4.3 Effect of temperature on enzyme activity
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Figure 4.4 Effect of pH on enzyme activity



Temperature and pH affect the activity of all enzymes. Figures 4.3 and 4.4 show how changing the temperature and pH affect the activity of amylase.

At low temperatures, the enzyme and substrate molecules have reduced kinetic energy and move slowly, resulting in few collisions between them and a low rate of enzyme activity. Increasing the temperature increases the kinetic energy, the number of collisions and the rate of activity. The temperature (or pH) which causes the maximum rate of enzyme activity is the optimum.

Increasing temperatures above the optimum (or changing the pH away from the pH optimum) causes a decrease in the activity of the enzyme. This is due to an irreversible change to the shape of the enzyme’s active site, known as denaturation. The further away from the optimum the temperature or pH are, the lower the enzyme activity.
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Show you can

Describe and explain the rate of enzyme action at points X and Y in Figure 4.5.
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The effect of enzyme concentration on enzyme activity

Figure 4.5 shows that the more enzymes there are, the faster the enzyme reaction (X). This is because there are more active sites for substrates to attach to. This applies up to a limit, when the rate levels off (Y) because there are not enough substrate molecules to react with the extra enzymes.
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Figure 4.5 Effect of enzyme concentration on enzyme activity




Commercial enzymes

Many enzymes have commercial uses. For example, many biological washing powders have enzymes for breaking down difficult-to-remove stains. These enzymes are thermostable – they can work at a wide range of temperatures and they break the complex, large and insoluble stains down into small, soluble molecules that dissolve in the water.
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Test yourself


5  Why do enzymes react slowly at low temperatures?

6  What is the optimum pH of an enzyme?

7  Describe how denaturation changes an enzyme and what effect this has on the enzyme action.

8  Why do biological washing powders need thermostable enzymes?
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Tip

Other commercial uses of enzymes include pre-digesting food for babies, extracting juice from fruit, making lactose-free products and softening the centre of chocolates.
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Prescribed practical

Prescribed practical B3: Investigating the effect of temperature on the action of an enzyme
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Figure 4.6 A spotting tile



Procedure


1  Set up five water baths at 10 °C, 20 °C, 30 °C, 40 °C and 50 °C.

2  Label five test tubes with ‘starch’ and the temperature of one of the water baths.

3  Label five test tubes with ‘amylase’ and the temperature of one of the water baths.

4  Use a syringe to measure 5 cm3 of 1% starch solution into each of the test tubes labelled starch.

5  Use another syringe to measure 5 cm3 of 1% amylase solution into each of the test tubes labelled amylase.

6  Place one starch and one amylase labelled test tube in each water bath for at least five minutes.

7  Prepare a spotting tile for each of the temperatures by placing one drop of iodine solution in each of the dimples as shown in Figure 4.6.

8  Starting with the 10 °C water bath, pour the amylase solution into the starch solution. Use a clean dropping pipette to sample the mixed solution and start a timer.
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Tip

It will be necessary to prepare several spotting tiles as the reactions often last more than three minutes.
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  9  Add one drop of the sample to the iodine solution in the first dimple of the spotting tile and note any colour change. Return the remainder of the sample into the test tube.

10  Repeat the sampling (steps 8 and 9) every minute until the iodine shows no colour change. Record the time taken for the starch to be digested in minutes.

11  Repeat steps 8, 9 and 10 with each of the water baths in turn.

12  Copy and complete the results table.
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13  Draw a graph of the time taken for the starch to be digested at different temperatures on a grid, as in Figure 4.7. When drawing this graph, you should use a best fit line (not a point to point graph).



Sample results and questions


1  Explain why a tube of amylase and a tube of starch were placed in the water bath for five minutes before being mixed.

2  What effect will the sample drop have on the iodine solution at zero minutes?

3  Explain why the iodine will show no colour change after a period of time.
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4  Explain why it is appropriate to use a line of best fit on a graph of these results.

5  Explain the results between 10 °C and 20 °C.

6  Between which temperatures is the optimum temperature for this amylase enzyme?

7  Suggest how the optimum temperature could be determined more accurately.

8  Explain what happens to the starch after 50 °C.
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Figure 4.7 Investigating the effect of temperature on the action of amylase
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Digestion

Most of the food we eat is in the form of large, complex, insoluble molecules. We need enzymes to digest and break down these molecules so that they are soluble and small enough to be absorbed into the blood system, where they can be used by the body.

Digestion can be defined as the breakdown of large, complex, insoluble molecules into small, simple, soluble ones.
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Practice questions


1  a)  The following diagram shows the effect of a protease enzyme on film.
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Figure 4.8




          i)   What is a protease enzyme?

(1 mark)

          ii)  Suggest the chemicals produced when the film coating is fully digested.

(1 mark)




    b)  The graph in Figure 4.9 plots the effect of pH on the action of the protease enzyme on film.




          i)   Explain the shape of the graph.

(3 marks)

          ii)  Describe and explain what would happen to the film if a lipase enzyme was used.

(2 marks)
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Figure 4.9




2  Soft-centred mint chocolates are made using enzymes. The mint centre is hard when first made so that it will not melt when covered with hot chocolate. After the chocolate has solidified the sweet is kept at 18 °C for 14 days. During this time an enzyme called invertase breaks down the complex sugar in the mint centre making it softer and sweeter. One manufacturer wanted to find a new enzyme to use in this process which would reduce the time needed to soften the mints. Their scientists carried out experiments using four new enzymes: A, B, C and D. Each experiment used the same mass of solid mint centre and the same concentration of enzyme. Table 4.4 shows the time taken by each of the new enzymes to make the mint go soft.
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    a)  Suggest which of the new enzymes, A, B, C or D, the manufacturer would use. Give a reason for your answer.

(2 marks)



Another scientist checked the method and results of the experiment and concluded that some of the factors had not been controlled.


    b)  Choose two factors from the list below which should have been controlled in the manufacturer’s experiment.

(2 marks)




          •  Temperature

          •  Humidity

          •  Light intensity

          •  Oxygen concentration

          •  pH

          •  Softness of the mint at the end




    c)  What term describes the role of the other scientist checking the work of the manufacturer’s scientists?

(1 mark)




3  Figure 4.10 shows the absorption of glucose into the blood.
Use the information from Figure 4.10 to help explain why starch needs to be digested.

(2 marks)
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Figure 4.10
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Test reagent | Reagent colour at start| Result of food test

Benedict's blue positive
ethanol clear positive
biuret blue negative

iodine yellow-brown positive
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lable 4.1 Enzymes, their substrates and products

carbohydrase carbohydrate simple sugar, glucose
amylase starch simple sugar, glucose
protease protein amino acid

lipase fat (lipid) glycerol and fatty acids
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lable 4.4 Time taken by different enzymes to soften mint

Enzyme Time taken to soften the mint/days
Invertase 14
A 20
B 10
c 18
D 17
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Table 3.3 Sample results of energy content of crisps

Crisp Mass of crisp/g | Water temperature/"C Energy released
Atstart After burning | Difference | Crisp/J | 1 gram of crisp/Jg-!
A 1.2 12 40 28 2352 1960
B 1.5 13 55 42 3528 2352
C 0.8 " 31 20 1680 2100
Average | 2137
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lable 2.1 Results of an experiment on the balance between photosynthesis and respiration using
hydrogencarbonate indicator.

Tube | Colour at start | Colour at end | Reason for change

A

red

yellow

The foil strip stops light entering and photosynthesis does not occur. Respiration
increases carbon dioxide concentration.

B

red

purple

Both photosynthesis and respiration are taking place in the pondweed. As the
rate of photosynthesis is faster than the rate of respiration more carbon dioxide
enters the plant than is produced.

red

yellow

The water beetles produce more carbon dioxide in respiration than the pondweed
takes in for photosynthesis.
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Table 3.2 The energy content of crisp results

Crisp Mass of crisp/g | Water temperature/°C Energy released
Atstart After burning | Difference | Crisp/J | 1 gram of crisp/Jg-!
A
B
c
Average
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Table 4.3 Sample data for the effect of temperature on the action
of amylase

Temperature/°C 10 20 30 40 50
Time taken for

the starch to be 10 4 3 20 40
digested/minutes
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Table 4.2 Resulis table for the effect of temperature on the

action of amylase

Temperature/°C

10

20

30

40

50

Time for starch to be digested/minutes
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lable 1.1 The functions and organs in three organ systems

nervous responding to stimuli and making | brain, spinal cord, receptors
responses (e.0. eye), effectors (muscles)

reproductive production of young testes, ovaries, uterus

excretory maintaining water balance and | kidney, ureter, bladder,

removing poisonous wastes urethra
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Energy released in Joules (J)
= mass of water (g) x rise in water temperature (°C) x 4.2
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lable 3.1 The tests for food molecules

Food |Name of test | Method Positive result
Starch  starchtest | Add iodine solutionto | The iodine solution changes
the food. from yellow-brown to blue-black.
Reducing | Benedict's test | Add Benedict's solution | It changes from blue to green
(simple) to the food and heatin | then orange to brick red
sugar awater bath. precipitate depending on how
much sugar is present.
Protein | biurettest | Add sodium hydroxide | The mixture changes from biue
to the food solution, | to purple.
then add copper
sulphate and shake.
Fats sthanol Mix the fat with ethanol | It changes from clear to form a

1o dissolve some of it
then add to water.

white emulsion.






