A Level Science Applications Support Booklet: Chemistry

A Level Science Applications Support Booklet: Chemistry

Contents
INTRODUGCTION ...ttt e e ettt e e e e e e e ettt e e aeeaesaassteaeeeeaeaeeaaassssaeeeaaaeeeesasssssaeaeeeeeessseneeeeaeesnannes 1
1 —THE CHEMISTRY OF LIFE ... ittt e e e e e s et e e e e e e e e s snnneaeeeas 2
IO R 11 o To (3Tt 1o o I PP PERTTP PP 2
1.2 — Protein CREMISIIY .. ...ttt e e e e e et e e e e e e e ee e e e s nnnnenees 6
Proteins — the WOrKNOISES OF [If@ .......ueuiiiiiiiiiiiiiie s e nennne 6
Amino acids — the building blocks of proteins ...........ccccco i, 7
Structure — the key to protein FUNCHION ..........uviiiiiiiiii e 10
ENZYMES — NALUIE'S CAAIYSTS ....eeiiiiiiiiiiiiiiiiiiietieetteteieeet ettt seeeeee e seeeeneesneennee e 16
R R € T=T T i ol 1 0] 0 = 1o ] o 1SR 27
BN N (g [o I T 0T U ot ol =T 1= To 1 P 27
The StrUCtUre OFf DINA ... e 29
The structure of RNA ... 31
LCT=T oIt o] (=151 [ 1SR 32
0T = 0T PR 38
ey N I i I (=S =T g T o | A o B =] o o YRS 43
1.5 — Metals in biologiCal SYSIEIMS ......ccoiiiiiiiii e e e e e e e e et e e e e e e e eeeennee 45
[ron and the NAEIM PrOTEINS .......e e e e e e e reee s 45
Zinc as an enzyme COTACION .......coooiii i 46
Sodium and potassium ion transfer across cell MemMbranes...........ccovvvviviiii v, 46
Toxic trace metals iN the ENVIFONIMENT .........coiiiiiiiiii e e e e e e aae 47
L0 T 1113 ) o 48
1.6 — RevVision Self-asSeSSMENTt QUESTIONS. .. ....iiiiiiiiiiiiiii e e ee et s e e e e e e s e e e e e e e eera s e e e e e e eeasnnnnnns 49
A (=Y e 1= 1101 o 1 PP 51
1.8 — REBSOUICES. ..ttt it ettt ettt e ettt e e e e e et e ettt s e e e et et et tbaa s e e e e e e e ee bbb e e e eeeeeeeebbb s aanneeaeeeensnnns 54
2 — APPLICATIONS OF ANALYTICAL CHEMISTRY ..ooiiiiiiiiiiiiiiiie ettt e e a e e e 55
P20 I [ Yo [ o o) o PSPPSR 55
FXS (0] o1 o] (oo 1Y P PP PPPPP PP 55
2.2 — DetermMiNiNg SIIUCTUMNES. ... .. uuuuuueitiiititeiieteteeteeeeeeeeeeeeeeeeeeeeeaeeeaeeeeeeeseeseeesssessessssssesssssssssnsseeseeee e 56
Y E= TSRS o [T ot 0] 1 1< 1Y/ 56
Nuclear Magnetic Resonance (NMR) SPECITOSCOPY .....vvvvrrrvrrrrrrrrrrirrrsrinrrsrnnerernrererrnnnnenn——.. 62
2.3 — Separating and identifying SUDSTANCES .........c.uuuiiiiiiiee e 80
The partition of a solute between two immiscible SOIVENtS ... 80
CRrOMALOGIAPRY ....eeeeiii e —— 83
Gas/liquid chromatograpny (GLC) .....eueeeeiiiiiiiieie ettt a e e e e 87
High performance liquid chromatography (HPLC) .........uuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeieiiienieenneeeeeenneennes 89
Applications of Chromatography iN ANAIYSIS.......cceieiiiieiiiiii e 90
1= Tod (0] o] g0 (=T L 91
Factors affeCcting MODIIITY .........ooi it eeeee e 93
Some medical applications of gel eleCtrophoresSiS .........cocovvieiiiiiii e 94
Other types Of €IECIIOPNOIESIS .. .uuuiiiieei e e e e e 94
GENETIC FINGEIPIINTING ... eetteee ettt ettt et e e e e e e s bbb et e e e e e e e e bbb e e e e e e e e e e e nnnnnreeeeas 95
2.4 — Examples of applications of analytical ChemiStry.......... ... 100
Three methods of dating uSing Mass SPECITOMELNY .......uvuiiii i i e 100
The use of combined GLC-MS in environmental MONITONNG ......ccoveiiiiiiiiiiiiiiee e 101
2.5 — K@Y AEfINITIONS ....eeiiiiiiiiiiiiiiiiie e e e e e e eennennnennne 104
2.6 — RESOUICE IS ..uuuutiiiiiiiiiiiitiitiitittet e e e e e e e e e e e e e e e e e e e e eennnennneenne 107
3 — MATERIALS AND DESIGN......ciitiiiitiiiiiit ettt e e e e st e e e e e e s bbb e e e e e e e e e nnnnees 108
R 700 R 111 0T [T £ TR 108
3.2 — Medicinal chemistry and drug deliVErY...........coiii i 111
[T TS o T T | (1o 111
DEIIVEIING AIUGS ...ttt e e ettt e e e e s sttt e e e e e e e e bbb e et e e e e e e e e e abereeeaeeas 113
3.3 — PrOPertieS Of POl MBS ... e 116
WX Lo 1 ToT a0 o] Y/ £ 1T 7= LA o] o S 116

© University of Cambridge International Examinations 2006
www.theallpapers.com



A Level Science Applications Support Booklet: Chemistry

Condensation POIYMETISALION .........uuuiiiiii i e e e e e e e e 116

S 110 [T G | 117
Plastics that conduct electricity or emit light...........cooooiii i 118
I \\F=T g o) (=Ted o] o] (o |28 USSR 122
What is NanoteChNOIOgY?.......coo oot 122
Buckyballs — a new allotrope of CarbON............oooo i 123
QUANTUM GOTS..ceiiiitiii ettt ettt et e e et e ettt e e e e eeeeeee bbb e e eeeaese s et bt aeeaesessssbaansaaaaeasaaeseenres 126
Promise and possible problems of NanotechnNOolOgy..........coooviiiiiiiiiiiiii e 127
3.5 — ENVIFONMENT QN0 ENEIGY ..o iiiieie oot e e e e e e e e e e 129
Chemistry to overcome environmental ProblemS...........cooviiiiiiii e e 129
Trouble in the stratosphere — replacing CFCS ..........iiiiiiiiiiiiie e 130
Green Chemistry and Sustainability..............uveiiiiiiiii e 131
(O 0 T=T 0 011511 Y (0] =1 =1 | 2P 134
3.6 — Key definitioNS ....ccoooiei i 138
T e (ST 0 10 | o <L F S PPPUPUPT 139
Nanotechnology WOIKSNEEL............ i e e e e e 140

4 — SPECIMEN EXAMINATION QUESTIONS . .....coiiiiiiiiiiieee ettt e s 144

© University of Cambridge International Examinations 2006
www.theallpapers.com



A Level Science Applications Support Booklet: Chemistry
Acknowledgements

Thanks are due to Richard Harwood, Peter Cann and Brian Ratcliff for writing this booklet, to David
Bevan for editing it and to the Royal Society of Chemistry for generous provision of source material.

Figure 1.1 NASA Images http://www.nasa.gov/multimedia/imagegallery/reproduction_guidelines.html

Figures 1.2,1.3,1.4, 1.7, 1.10, 1.11, 1.12, 1.13, 1.16, 1.17, 1.18, 1.19, 1.21, 1.22, 1.23, 1.24, 1.26,
1.27,1.32,1.33,1.34,1.35,1.36, 1.38, 1.39, 1.40, 1.41, 1.42, 1.43 and 1.44 © Richard Harwood
(2002) Biochemistry in the Cambridge Advanced Sciences series, Cambridge University Press, ISBN:
0521797519

Figures 1.30, 1.31 and 2.20 reproduced with permission from Joseph W. Lauher, SUNY Stony Brook

Figures 2.1, 2.9, 2.31, 2.33, 2.34 and 2.36 © Ben Faust (1997) Modern Chemical Techniques, Royal
Society of Chemistry, ISBN 1870343190

Figures 2.2 and 2.3 National Institute of Advanced Industrial Science and Technology Spectral
Database for Organic Compounds, SDBS. A free website organized by the National Institute of
Advanced Industrial Science and Technology (AIST), Japan, www.aist.go.jp/RIODB/SDBS/cqi-
bin/cre_index.cqi

Figure 2.4 Spectroscopy for Schools and Colleges CD-ROM, Royal Society of Chemistry

Figure 2.16 adapted from C. Whiston (1987) X-ray Methods, Chichester: John Wiley & Sons on behalf
of ACOL, ISBN: 0471913863. © John Wiley & Sons Limited. Reproduced with permission.

Figures 2.17, 2.18, 2.19, 2.40 and 2.41 © Ralph Levinson (2001) More Modern Chemical Techniques,
Royal Society of Chemistry, ISBN 0854049290,

Figures 2.24 and 2.25 Images:Wikipedia:GFDL. Wikipedia® is a registered trademark of the
Wikimedia Foundation Inc.

Figure 2.27 © Philip Matthews (2002) Gases, Liquids and Solids in the Cambridge Advanced
Sciences series, Cambridge University Press, ISBN: 0521797500

Figures 2.29, 2.30, 2.35 and 2.44 © Anne McCarthy (2001) Methods of Analysis and Detection in the
Cambridge Advanced Sciences series, Cambridge University Press ISBN 0521787246

Figure 2.43 © Thomas D Gelehrter, Francis Collins, David Ginsburg (Editor) (1998) Principles of
Medical Genetics, Lippincott Williams & Wilkins (http://lww.com), ISBN: 0683034456

Figure 2.45 © Stephen M Carr, http://www.mun.ca/biology/scarr/DNA_fingerprinting.html

Figure 3.2 reproduced with permission from Dr Corinne Baumgartner, ETH Zirich

Figure 3.5 reproduced with permission from the University of Bristol,
http://www.chm.bris.ac.uk/motm/spider/page3h.htm

Figure 3.6 reproduced with permission from Brian Ratcliff
Figure 3.7 reproduced with permission from Jessops

Figure 3.8 Wikipedia, Fullerene, http://en.wikipedia.org/wiki/lmage:C60a.png

© University of Cambridge International Examinations 2006
www.theallpapers.com



A Level Science Applications Support Booklet: Chemistry

Figure 3.9 Carbon Nanotechnologies Incorporated, Image Gallery, Bucky vials
http://www.cnanotech.com/pages/resources_and_news/qgallery/3-2 buckytube gallery.html

Figure 3.11 Carbon Nanotechnologies Incorporated, Image Gallery, adapted from Buckytube with 1
open end http://www.cnanotech.com/pages/resources_and_news/gallery/3-2_buckytube gallery.html

Figure 3.12 Carbon Nanotechnologies Incorporated, Image Gallery, adapted from Buckytube with 1
open end http://www.cnanotech.com/pages/resources _and _news/gallery/3-2_ buckytube gallery.html

Figure 3.13 Carbon Nanomaterials Group, Chemical Reactions in Carbon Nanotubes, Dr. A.
Khlobystov's Research Group, School of Chemistry, The University of Nottingham,
http://www.nottingham.ac.uk/nanocarbon/index2.html

Figure 3.14 reproduced with permission, Dr Simon Benjamin, University of Oxford

Figure 3.16 reproduced with permission, Professor Ben Feringa, University of Groningen, Light-driven
unidirectional molecular motor, http://feringa.fmns.rug.nl/

Figure 3.17 Reused with permission from M. B. Ward, O. Z. Karimov, D. C. Unitt, Z. L. Yuan, P. See,
D. G. Gevaux, A. J. Shields, P. Atkinson, and D. A. Ritchie, Applied Physics Letters, 86, 201111
(2005). Copyright 2005, American Institute of Physics.

Figure 3.19 mining-technology.com, Bingham Canyon, http://www.mining-
technology.com/projects/bingham/binghaml.html

Table 3.1 and Nanotechnology worksheet © Vanessa Kind (2004), Contemporary Chemistry for
Schools and Colleges, Royal Society of Chemistry, ISBN: 0854043829

Nanotechnology worksheet © Mike Ross, IBM Almaden Research Center, California USA

Permission to reproduce items where third-party owned material protected by copyright is included
has been sought and cleared where possible. Every reasonable effort has been made by the
publisher (University of Cambridge International Examinations) to trace copyright holders, but if any
items requiring clearance have unwittingly been included, the publisher will be pleased to make
amends at the earliest possible opportunity.

© University of Cambridge International Examinations 2006
www.theallpapers.com



A Level Science Applications Support Booklet: Chemistry

APPLICATIONS OF CHEMISTRY
INTRODUCTION

Too often the study of chemistry at A-level can seem like a disorganised collection of facts. The
problem is that to understand many of the ways in which chemistry is used to enhance our lives, we
need to understand the basic principles of chemistry, and this can take time. Now that you are
approaching the end of your A level studies you have a better understanding of the way chemistry
works.

This section of the syllabus examines some of the important areas in which chemistry is being used in
biological systems and medicine, in analysing and designing new materials, and in monitoring and
helping protect the environment.

The first topic deals with the chemistry of proteins and the mechanism of enzyme catalysis. A
knowledge of these is critical to understanding the way in which living organisms function. Next the
chemistry of DNA is examined, both in terms of its structure, and the way in which genetic information
is encoded and passed on. The provision of energy within cells using ATP is explained, and finally the
importance of metals both in trace amounts, and in terms of their toxicity is examined.

The second topic looks at the various analytical techniques that chemists use to help them determine
the structure of compounds and to follow the course of chemical reactions. These include
electrophoresis and DNA ‘fingerprinting’, NMR and mass spectroscopy, X-ray crystallography and
chromatographic techniques. The emphasis in this topic is on understanding the techniques and
interpreting data rather than the recall of particular examples or the detailed theory behind the
different techniques.

The final topic looks at ways in which chemical techniques are used to design new materials for
specific purposes. These include the targeting and delivery of modern drugs to fight disease, the
development of new polymers with properties similar to traditional structural materials, the use of
nanotechnology to assemble chemical structures, and finally using chemistry to extend the life of
known resources and to protect the environment. Once again the emphasis is on understanding the
principles involved rather than acquiring a detailed knowledge of particular examples.

The book is designed so that it can be used by teachers, alongside the Applications of Chemistry
syllabus and the Scheme of Work that can be found on the CIE Teacher Support Website (contact
international@cie.org.uk to find out how to gain access to this learning resource). The book should
help teachers to design effective learning programmes to teach this material, which makes up 16% of
the total assessment at A level and should thus make up just over 30% of the total teaching time
available during the A2 part of the course.

This booklet is also designed so that it can be used by students, to promote their own learning, and
for this purpose contains self-assessment questions for students to use in helping to determine how
effective their learning has been. At the end of each section there is also a glossary to help you
remember any new terms introduced. Finally, at the end of the booklet there are some specimen
guestions to give an idea of what you might expect to see in the examination.

Website addresses are given for many topics in this book, particularly those in the final chapter. All of
these have been tested and are working at the time of writing, but such sites are notoriously quick to
change their url addresses, so by the time that you get to try and use them, they may well be found
not to work. The author strongly recommends that a good search engine be used to seek up-to-date
and reliable websites for information on each of the topics on the syllabus.

Finally, this section of the syllabus aims to help students develop the skill of applying their chemical
knowledge to novel situations. For this reason, the contexts and case studies given in this booklet are
not for rote learning, unless specified in the syllabus. Rather, the contexts given are to illustrate the
concepts in the syllabus and it is hoped that this will stimulate students to investigate further examples
that are of interest to them. Students may be asked in the exam to give examples of contexts that
they have studied, but exam questions on this part of the syllabus will primarily be testing core
knowledge applied to novel situations, rather than rote learning of examples.
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