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5 Atomic and ionic radii

(a) Period 1 atomic/nm ionic/nm
single covalent H 0.037 H 0.208
van der Waals He 0.140
metallic Li 0.152 Li* 0.060
Be 0.112 Be?* 0.031
single covalent B 0.080 B3 0.020
C 0.077 c* 0.015 c* 0.260
N 0.074 N* 0.171
(@] 0.073 0% 0.140
F 0.072 F 0.136
van der Waals Ne 0.160
metallic Na 0.186 Na* 0.095
Mg 0.160 Mg®* 0.065
Al 0.143 AL 0.050
single covalent Si 0.117 Si** 0.041 Si* 0.271
0.110 P> 0.212
S 0.104 s 0.184
Cl 0.099 Clr 0.181
van der Waals Ar 0.190
metallic Be 0.112 Be®* 0.031
Mg 0.160 Mg®* 0.065
Ca 0.197 Ca* 0.099
Sr 0.215 Sr 0.113
Ba 0.217 Ba®* 0.135
Ra 0.220 Ra* 0.140
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oup 14 atlo 0

single covalent C 0.077
Si 0.117 Si** 0.041
Ge 0.122 Ge™ 0.093

metallic Sn 0.162 Sn** 0.112
Pb 0.175 Pb”" 0.120

single covalent F 0.072 F 0.136
Ci 0.099 Cl- 0.181
Br 0.114 Br 0.195
I 0.133 I 0.216
At 0.140

metallic Sc 0.164 Sc**  0.081
Ti 0.146 Ti* 0.090 Ti** 0.067
\ 0.135 v 0.079 Ve 0.064
Cr 0.129 Cr* 0.073 Cr* 0.062
Mn 0.132 Mn** 0.067 Mn®*  0.062
Fe 0.126 Fe* 0.061 Fe**  0.055
Co 0.125 Co™ 0.078 Co®  0.053
Ni 0.124 Ni** 0.070 Ni®* 0.056
Cu 0.128 Cu® 0.073
Zn 0.135 Zn* 0.075
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alkane -CH,, -CH,—, >CH- 0.9-1.7
alkyl next to C=0 CH,-C=0, -CH,-C=0, >CH-C=0 2.2-3.0
alkyl next to aromatic ring CH,-Ar, -CH,~Ar, >CH-Ar 2.3-3.0
alkyl next to CH,-0, -CH,-0O, —-CH,—Cl, 39-4.0
electronegative atom >CH-Br R
attached to alkyne =C-H 1.8-3.1
C-H attached to alkene =CH,, =CH- 4.5-6.0
attached to aromatic ring ©—H 6.0-9.0
0
/
aldehyde R—C 9.3-10.56
\
H
alcohol RO-H 0.5-6.0
phenol -OH 45-7.0
O-H
(see note 0
below) //
carboxylic acid R—C 9.0-13.0
\
O—H
alkyl amine R-NH- 1.0-5.0
aryl amine -NH, 3.0-6.0
N-H
(see note 0
below) //
i R—C
amide \ 5.0-12.0
N—H
/

Note: & values for O-H and N-H protons can vary depending on solvent and concentration.
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sp® alkyl CH,-, CH,—, -CH<, >C< 0-50
I I

sp® next to alkene/arene —C—C=¢C,—C 10-40
I I
I I

sp® next to carbonyl/carboxyl —C—COR, —C—CO,R, 25-50
I I
I I I

sp’ next to nitrogen —C—NH,, —C—NR,, —C—NHCO 30-65

next to chlorine I

sp? (-CH,—Br and —-CH,-T are in —C—CJ 30-60
the same range |
as alkyl)
I I
sp® next to oxygen —C—OH, —(.'I:—O—CO — 50-70
I
=
2 —
sp alkene or arene >C=C<, CQC 110-160
c=c
sp? carboxyl R-CO,H, R-CO,R 160-185
sp? carbonyl R-CHO, R—-CO-R 190-220
sp alkyne R-C=C- 65-85
sp nitrile R-C=N 100-125
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8 Characteristic infra-red absorption frequencies for some selected
bonds

Functional groups containing

the bond

Absorption range (in
wavenumbers)/cm™

Appearance of peak
(s = strong, w = weak)

C-0 alcohols, ethers, esters 1040-1300 s

Cc=C aromatic compounds, alkenes 1500-1680 w unless conjugated
amides 1640-1690 s

C=0 ketones and aldehydes 1670-1740 s

- carboxylic acids 1680-1730 s

esters 1710-1750 s

C=C alkynes 2150-2250 w unless conjugated

C=N nitriles 2200-2250 w

CoH alkanes, CH,—H 2850-2950 s
alkenes/arenes, =C-H 3000-3100 w

N-H amines, amides 3300-3500 w
carboxylic acids, RCO,—H 2500-3000 s and very broad

O-H H-bonded alcohol, RO-H 3200-3600 s
free alcohol, RO-H 3580-3650 s and sharp
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9 The orientating effect of groups in aromatic substitution reactions.

The position of the incoming group, Y, is determined by the nature of the group, X, already bonded to the
ring, and not by the nature of the incoming group Y.

+Y +H"

X- groups that direct the incoming | X- groups that direct the incoming

Y group to the 2- or 4- positions Y group to the 3- position
—NH,, -NHR or -NR, -NO,
—OH or -OR —NH,*
-NHCOR -CN
—CH,, —alkyl —CHO, -COR
—Cl —-CO,H, -CO,R
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10 Names, structures and abbreviations of some amino acids

alanine Ala A CH,-
aspartic acid Asp D HO,CCH,—
cysteine Cys C HSCH,-
glutamic acid Glu E HO,CCH,CH,—
glycine Gly G Ho
lysine Lys K H,NCH,CH,CH,CH,—
phenylalanine Phe F ©—CH2—
serine Ser S HOCH,—
tyrosine Tyr Y HO —©—CH2—
valine Val v /CH —

CH,
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6 Other information

Equality and inclusion

Cambridge International Examinations has taken great care in the preparation of this syllabus and related
assessment materials to avoid bias of any kind. To comply with the UK Equality Act (2010), Cambridge has
designed this qualification with the aim of avoiding direct and indirect discrimination.

The standard assessment arrangements may present unnecessary barriers for candidates with disabilities
or learning difficulties. Arrangements can be put in place for these candidates to enable them to access
the assessments and receive recognition of their attainment. Access arrangements will not be agreed if
they give candidates an unfair advantage over others or if they compromise the standards being assessed.
Candidates who are unable to access the assessment of any component may be eligible to receive an
award based on the parts of the assessment they have taken.

Information on access arrangements is found in the Cambridge Handbook, which can be downloaded from
the website www.cie.org.uk/examsofficers

Language

This syllabus and the associated assessment materials are available in English only.

Grading and reporting

Cambridge International A Level results are shown by one of the grades A*, A, B, C, D or E, indicating

the standard achieved, A* being the highest and E the lowest. ‘Ungraded’ indicates that the candidate’s
performance fell short of the standard required for grade E. ‘Ungraded’ will be reported on the statement of
results but not on the certificate. The letters Q (result pending), X (no result) and Y (to be issued) may also
appear on the statement of results but not on the certificate.

Cambridge International AS Level results are shown by one of the grades a, b, ¢, d or g, indicating the
standard achieved, ‘a’ being the highest and ‘e’ the lowest. ‘Ungraded’ indicates that the candidate’s
performance fell short of the standard required for grade ‘e’. ‘Ungraded’ will be reported on the statement
of results but not on the certificate. The letters Q (result pending), X (no result) and Y (to be issued) may also
appear on the statement of results but not on the certificate.

If a candidate takes a Cambridge International A Level and fails to achieve grade E or higher, a Cambridge
International AS Level grade will be awarded if both of the following apply:

¢ the components taken for the Cambridge International A Level by the candidate in that series included
all the components making up a Cambridge International AS Level

¢ the candidate’s performance on these components was sufficient to merit the award of a Cambridge
International AS Level grade.
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Entry option codes

To maintain the security of our examinations, we produce question papers for different areas of the
world, known as ‘administrative zones’'. Where the entry option code has two digits, the first digit is the
component number given in the syllabus. The second digit is the location code, specific to an administrative

zone.

Entry option codes and instructions for making entries can be found in the Cambridge Guide to Making
Entries. Other exams administration documents, including timetables and administrative instructions, can be
found at www.cie.org.uk/examsofficers
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