Figure 3 If the 6.02 x 1022 atomsin 129 of
carbon were turned into marbles, the marbles
could cover Great Britain to a depth of 1500 km!
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Figure 3 The mass spectrometer.

Figure 3 The mass spectrometer.

Figure 7 Variation of first ionisation enthal py
with atomic number for elements with atomic

numbers 1 to 56.
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Figure 8 Successive ionisation enthalpies
for aluminium.
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Figure9 Successive ionisation enthalpies
for phosphorus.

Figure 10 Energies of electron sub-shells from
n=1ton=4inatypical many-electron atom.
The energy of a sub-shell is not fixed, but falls as
the charge on the nucleus increases as you go
from one element to the next in the Periodic
Table. The order shown in the diagramis correct
for the elementsin Period 3 and up to nickel in
Period 4. After nickel the 3d sub-shell has lower
energy than 4s.

Figure 13 Arrangement of electronsin atomic
orbitalsin a ground state sodium atom.
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Figure 15 Dividing up the Periodic Table.




Cl™ ion

Figure2 The sodium chloridelattice, built up
from oppositely charged sodiumions and

Na® ion chlorideions.
,7 attraction AN
/ / \ \
1 1 @ \ \
| «l a1y 1
\ \ ! @ !
\ \ / /
‘. nucleus 7,7 )/
N 7
D B Figure9 In a hydrogen molecule, the atoms are
shared held together because their nuclei are both
electrons attracted to the shared electrons.
Group 1 2 3 4 5 6 7
Period 1 KEY
o | Li Li—— symbol
1.0 1.0
3 | Na
0'9 ..
4 K electronegativity
Figure 13 Pauling electronegativity values for 038
some main group elements in the Periodic Table. 5 Rb
038

‘Pool’ of delocalised
electrons

/

Figure 15 A model of metallic bonding.
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Li atom Li* ion
latom = 0.182 nm 1, = 0.078 nm Na® ion Mg 2 ion

(charge 1+, radius 0.098nm) (charge 2+, radius 0.078nm)
On average, each

On average, each
Na* ion is surrounded by Mg %" ion has 15
5 water molecules water molecules around it
Figure 18 lonswith higher charge densities
attract more water molecules
(ions are only shown in two dimensions).

Na atom Na* ion
latom = 0.186 nNm 1y, = 0.098 nm

Li* (9)

® Li* (aq)
isolated Li* ion
i hydrated Li* ion (radius = 1.00nm)

Mg atom Mg?* ion (radius = 0.078nm)
=0.160 nm r,, =0.078 nm

Na* (g)
@ ’

isolated Na* ion
F atom ~ion (radius = 0.098nm) hydrated Na* ion (radius = 0.79nm)

latom = 0.071 nm 1, 0 133 nm

Fatom =

Figure 19 Hydrated ions are much bigger than

isolated ions.
O ‘ | \ |
E at .C. .C.
atom ~ion -7 S -7 RS
lom =0.073nm 1, = 0.132 nm HOOC \u_l'\lst HZ,'_\‘,SC/ COOH

Figure 17 The relative sizes of atoms and ions.

|| imaginary mirror

Figure36 Two isomers of alanine.

Figure 38 The CORN rule. Look down the COOH COOH

H—C bond from hydrogen towards the central
carbon atom.

(_4corn

R D isomer

¥ ) COoRrRN

L isomer




Figure 1 Enthalpy level diagram for an
exothermic reaction, eg burning methane:
CH4 +20,- 002 + 2HZO.

Figure 2 Enthalpy level diagram for an
endothermic reaction, eg decomposing calcium

carbonate:
CaCO3 - Ca0 + COZ.

thermometer

Enthalpy

Enthalpy

chemical
reactants

eg CH,+20,

energy given out
to surroundings
AH negative

products
eg CO,+2H,0

»

Progress of reaction
reactants —— products

chemical
reactants

eg CaCOq4

_ products
eg CaO+CO,

energy taken in
from surroundings
AH positive

water

electrically heated
wire to ignite sample

air jacket

Figure 4 An enthalpy cycle for finding the enthalpy

Progress of reaction
reactants —— products

oxygen under
pressure

crucible containing
sample under test

stirrer

Figure 3 A bomb calorimeter for making
accurate measurements of energy changes. The
fuel is ignited electrically and burns in the

oxygen inside the pressurised vessel. Energy is
transferred to the surrounding water, whose
temperature rise is measured.

Note that the experiment is done at constant
volumein a closed container. Enthalpy changes
are for reactions carried out at constant pressure,
so the result needs to be modified accordingly.

C(s) + 2H(9)

change of formation of methane, CH,.

AH going this way...
CHy(9)

... Is the same
as AH going
this way

CO,(g) + 2H,0(I)
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(akes n onorg, © © @ ©

(takes in energy)

making new bonds
(gives out energy)

Energy
@
€3

Figure9 Breaking and making bonds in the reaction between methane and oxygen.

particles in fixed positions particles moving around
random arrangement

regular lattice pattern
QS0 o ©
00 o ©
50556 =

O - O

Gas

particles widely separated

particles close together
volume depends only slightly volume depends strongly on
on pressure and temperature temperature and pressure

Figure 14 Acomparison of solids, liquids and

gases.
Increasing
energy
A . /
Il /
i /
| /
| /'
I , ,
I Vi /
1 /
! 4 // )
I / ;7 ,
r v T L
Iy ’, g - - //////// ///
A CAer S $ -
ground vibrational rotational translational
electronic energy energy energy
energy levels levels levels
level
each electronic each vibrational each rotational
!evelkr,la? its own !evelkr)a? its own I‘evelkr]asf its own Figure 15 Each electronic energy
S_Lac ~ level stack’ o level stacl 0 [ level level haswithin it several
vibrational levels rotational levels translational levels vibrational, rotational and
trandational energy levels. Note
that the levels are not to scale.



AH i
jonic lattice + solvent solution solution
-AHe AI-Ihyd(cation)
; +
gaseors ions AHhyaganion
Figure21 An enthalpy cycle to show the solvent
dissolving of anionic solid.
Na(s) + 2Cl,(g) > NaCl(s)
\
i
Na(g) + Cl(g) > Nat(g) + CI'(g) Figure26 Born—Haber cycle for sodium
chloride.
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A
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AH;°(1)(Na)

) 4

AHEA(1)(CI)
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AHZ(Cl)

%Clz(g)

+100— A

AHz(Na)
Na(s) +5Cly(g)

~100—

—200—

—300—

—400

-500—

AH;{NaCl)

y NaCl(s) y

AH(NaCl)

K'(g) + Cl(g)

AHZ(1)(K)

AHgA(1)(CI)

K*(g) + CI(9)

K'(g) + Ci(g9)

AHZ(Cl)

K(g) +3Cly(9)

AH(K)

K(s) +7Cly(g)

AHZ(KCI)

y _KCis)

A 4
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Figure 27 Born—-Haber cycles for sodium chloride and potassium chloride.
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A
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K(s) +5Cly(g)

A

y NaCl(s) y

Y

L KCI(s)

A

Figure 27 Born—-Haber cycles for sodium chloride and potassium chloride.
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Solid sodium chloride Sodium chloride
a retular ionic lattice dissolved in water
cIr Na* Cl(aq) Na'(aq) water molecule

Figure2 What happens when an ionic substance
such as sodium chloride dissolves in water. @ @ @ @

polar water molecule

solid lattice

hydrated ions

Figure5 Polar water molecules attract theionsin
asolid lattice.

Figure 11 (a) The structure of diamond and (b)
the structure of graphite.

Figure 13 The fullerenes are a recently discovered
molecular form of carbon.

(@) shows Cy,, named buckminsterfullerene.

It is made up of a mixture of 5-membered and 6-
membered rings and looks like a football

(b) is another way of presenting Cy,, showing the
positions of the carbon atoms

(c) shows C,, which is shaped like a rugby ball.

Figure 12 Imagine you areinside a diamond. The
regular network structure would repeat in all
directions— asfar as the edge of the diamond.
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Figure 14 On heating, the molecular substance
(represented by ©O ) changes froma solid to a
liquid and then to a gas. Energy must be supplie
to overcome the intermolecular forces. Note that
the covalent bonds within the molecules remain
intact.

:
2

Q
26

heat
e ——

Electron cloud evenly At some instant, more of the electron

distributed; no dipole.  cloud happens to be at one end of the
molecule than the other; molecule
has an instantaneous dipole.

heat

ip 9
80 &

Liquid Gas

Figure15 How adipoleformsinachlorine
molecule.

® =0 O

This atom is This atom is not yet
instantaneously polarised, but its
polarised electrons are repelled

by the dipole nextto it ...

Figure 18 How an induced dipoleisformedin a

Xe atom.

400
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Boiling point/ K

100 :

2 3
Period

N
o
1

Enthalpy change of
vaporisation/ kJ mol™
N
o
T

0 I I

2 3
Period

... SO it becomes
polarised

Figure20 Variation in the boiling points of the
hydrides of some Group 4, 5, 6 and 7 elements.

Figure21 Variation in the enthal py changes of
vaporisation of some Group 4, 5, 6 and 7
elements.
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N negative Figure 25 The positively charged H atomsline
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Figure 23 The positively charged H atom lines
up with the lone pair on an F atom.
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(a) Thermoplastic: no cross—linking Weak forces between polymer chains
easily broken by heating; polymer can
be moulded into new shape.

o
i

polymer chain

HEAT
cross—link

(b) Thermoset: extensive cross—linking Strong covalent bonds between polymer
chains cannot be easily broken; polymer
keeps shape on heating.

Figure29 Thermoplastics and thermosets.

crystalline region

amorphous region

Figure 32 Crystalline and amorphous regions of

a polymer.
STRUCTURES
GIANT
LATTICE @90 MOLECULAR %
goeson (] made of groups of atoms

indefinitely O
@

§8%)
& Jsg¥ 5080 oo

VRN /N

IONIC COVALENT METALLIC COVALENT MACROMOLECULAR
NETWORK MOLECULAR (eg polymers)

Figure36 A summary of the structures of
substances.



wire with sample

of element
excited atoms
in hot flame
emit light
line emission spectrum
(bright lines on a black
Figure 3 Obtaining a line emission spectrum. background)

wire with sample

f element
@ — (o

source of
white light
cool flame:
most atoms in
vapour are in their
ground state line absorption spectrum (black lines  Eigyre 4 Obtaining aline absorption
on a bright coloured background) spectrum.
level 4
level 5
etc
level 2
/// \\\
electron has
been excited
to level 5,
\ drops back to
\ level 1
,/ I
!
P! this line
S o :/ corresponds
Lyman series Se————— | oy to electrons
Figure 6 How the Lyman seriesin the | | dropping
emission spectrum s related to energy from level 5+ 1
levelsin the H atom. > Frequency 2+1 3+»14-+1



Increasing
energy

ELECTRONIC A
ENERGY
VIBRATIONAL

/ ENERGY
\ ROTATIONAL f\ )

ENERGY Cl—H

TRANSLATIONAL @ )
Figure 7 An HCI molecule has energy associated ENERGY

with different aspects of its behaviour.

sample cell for
solution of sample

infrared
> detector
infrared source A\
(electrically heated
filament) A
NaCl prism chart recorder
(or diffraction
grating)
reference cell Figure 16 The basic parts of a double beam
for solvent only infrared spectrometer.
100 \\\
. 80
X
@
o
c
S 60 1
CH3—CH,—CH,—CHs €
2]
c
Absorption/cm=!  Bond S 407
2970 C—H (alkane)
20 1
30000 2000 1000

Figure 21 Infrared spectrum of butane. Wavenumber/cm ~
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Figure 36 The principle of n.m.r.: a small
magnet in a strong magnetic field can have two
different energies. RF signal o+
generator °T7
N
powerful
Figure 37 A simplified diagram of an n.m.r. magnet

spectrometer.

sample

CHs;

Absorption/cm~'  Bond
3050 C—H (arene)
2940 C—H (alkane)

Figure 22 Infrared spectrum of methylbenzene.

HO\ /O
C
Absorption/cm~'  Bond
3580 O—H
3080 C—H (arene)
1760 C=0

Figure 23 Infrared spectrum of benzoic acid.
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s 0,0 O
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6H

T™MS

T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1

Chemical shift

Figure 43 N.m.r. spectrum of hexane.

6H

Absorption

2H TMS
I J
T
0

T T T T T T T T
10 9 8 7 6 5 4 3 2 1
Chemical shift

Figure 44 N.m.r. spectrum of trans-but-2-ene.

3H

1HoH

Absorption

T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 O

Chemical shift

Figure 45 N.m.r. spectrum of propan-1-ol.

Figure 52 How light behaves with transparent
and opaque objects.

transparent object,
glass or a solution

all wavelengths of
visible light transmitted:
appears colourless

CHg_CHZ_CHZ_CHZ_CHZ_CHg

Chemical Relative Type of
shift no. protons proton
0.9 3 CH3
1.3 4 CHo
H CH3
\
Cc=cC
/
H3C
Chemical Relative Type of
shift no. protons proton
1.6 CH3
I
5.6 1 H—C=$—H
CH3_CH2—CH2_OH
Chemical Relative Type of
shift no. protons proton
0.9 3 CH3
I I
1.6 —$—CH2—$—
23 OH
|
36 —CIZ—CHZ—O—

opaque object,

eg a piece of chalk

all wavelengths
of visible light
reflected:
appears white



Figure 53 How colours arise from absorption of
light.

transparent object

absorbs
red
opaque
object absorbs blue
transmits wavelengths corresponding reflects wavelengths corresponding to
to other colours: appears green other colours: appears orange
5 4 I I
2 | I
o
IS ! I
@ I I
g I I
Y— | |
[S) | |
%‘ ultra violet ] visible 1infra red
g | |
= ! T L1 I I I I I I -
260 300 340 380 ' 420 460 500 540 580 620 660 700
| Wavelength/nm |
ultra violet I visible 1infra red
| |
, violet  blue green yellow red |
Figure 57 The absorption spectrum of carotene
(in solution in hexane).
Figure 59 Absorption and reflectance spectra of
Monastral Blue.
blue light is
reflected
(Reflectance
transparent spectrum
coloured red and yellow light shown below)
object, eg is absorbed. (Absorption
solution spectrum shown below) opaque
paint layer absorbs coloured
red and yellow object,
blue light is light eg painting
transmitted
A
s 1001
5 absorption spectrum reflectance spectrum
o (]
n [S]
g 5
5 g
2 5
@ o
L
= | 1 | | - 0 | | I | -
400 500 600 700 400 500 600 700
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excitation
energy excited electronic state

A A

energy absorbed
corresponds to
ultraviolet light

) . excitation energies in
excited electronic state this region correspond
4 to visible radiation

energy absorbed
corresponds to
visible light

ground electronic states

Figure 63 The energy needed to excite an
COLOURED COLOURLESS electron in a coloured compound and in a
COMPOUND COMPOUND colourless compound.



lid solvent front thin-layer plate
U coated with silica
gel (stationary
) ) separated phase)
hard’ water components
of mixture
{0 B
sample spot
containing OA
mixture of A
and B
L —e— |
— solvent

Figure 11 Thin-layer chromatography.

~ o (mobile phase)

‘soft’ water

Figure 10 lon-exchange columns are used to
soften water. The ion-exchange resin removes
calciumionsfromthe ‘hard’ water, and replaces
them with sodiumionsto form ‘soft’ water.

Figure 11 Thin-layer chromatography.

syringe recorder
containing detector
sample
outlet tube
inert carrier — column
gas
thermostatically
Figure15 A gas-iquid chromatograph. \_/ controlled oven

Figure15 A gas-iquid chromatograph.
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pH [H+(ag))/mol dm™

A 01
14107
241072
More 34107
acidic 4410
5-107°
6-10°

Neutral 74107

810
9-{10°
10 41070
More
alkaline
11410
12 41072
134107
 / 14 4107

Figure5 ThepH scale.

—— H(o) +
stays roughly
constant
, because
/7 N
/7 AN
/7 N
e N
e N
plenty of HA to make more plenty of A"to combine
Figure6 How a buffer solution keeps the pH H* (aq) if some used up by with any H*(aq) that gets

constant. alkali that gets added added



¢ @—K'ion @®— K'ion
Figtérezl'l'thereaction of chlorine with potassium ngp Cl, molecules CXCDD I2 molecules
iodide solution.

WO 0Q w0

SO,% ion @ ® ©)
N — O e e
@® O O @. e

Cu?" ion .—Zn2+ ion

Zn atom
Figure4 Thereaction of zZinc with m Cu atom
copper(I1) sulphate solution:
Zn(s) + Cu®(aq) — Cu(s) + Zn*(aq)

/V\
electron U

flow A

I
ELECTRONS 1 ELECTRONS
RELEASED :ACCEPTED
|

oxidation reduction
reaction reaction

Figure5 Thegeneral arrangement for an
electrochemical cell.

seal

carbon rod

(+) terminal
electron
mixture of chemicals \ flow along
containing ammonium 1 external
wire

chloride which accepts
electrons and is
reduced

card covering

Figure6 Anordinary dry cell —thekind you use

inatorch. zinc container

(-) terminal
zinc supplies
electrons and is
oxidised




high-resistance voltmeter

e

0 salt bridge 1
copper +— zinc strip
strip
solution of solution of
Cu?* (aq) Zn** (aq)
(1 mol dm™) (1 mol dm™)

Figure9 A copper—znc cell.

A
U

Figure9 A copper—znc cell.

H,(g) at 298K —» glass tube —
and latm with holes
in to allow
bubbles of
H,(g) to
escape
platinum " / - /
electrode o, 0 o, e
(o) (o)
o5 S % S
% o° % °
acid solution —— | | . - | |
containing
1.0 mol dm™
H (aq) & J & J
Figure 11 The standard hydrogen half-cell Figure 11 The standard hydrogen half-cell
(sometimes called a standard hydrogen (sometimes called a standard hydrogen

electrode). electrode).
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—— solution containing
equal concentrations
of Fe?*(aq) and

Fe3* (aq)

platinum electrode

igure12 A standard half-cell for the

F
Fe*'(aq)/F&"(aq) half-reaction.
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burette

yeast
suspension
+ hydrogen
peroxide
solution

L/

Figure8 Apparatus for investigating the rate of
decomposition of hydrogen peroxide. The yeast

provides the enzyme catalase.
[H,0,] = Figure 10 The decomposition of hydrogen
gg 0.40 mol dm=3 peroxide solutions of differing concentrations.
22
20 [H,0,] = 3
© 0.40 mol dm™
g 18
S 16 [H,0,] =
o 14 0.40 mol dm™3
[0}
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S 8
6F [H,0,] =
4r 0.40 mol dm™
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Figure1l Theinitial rate of decomposition of
hydrogen peroxide plotted against concentration
of hydrogen peroxide.
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decomposition of hydrogen peroxide. Time/s
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A
intermediates
>
[oX
IS
=
c
W | reactants
product
Step 1 Step 2
- Figure 17 For areaction involving two steps,

Progress of reaction there are two activation enthalpies.
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Figure 18 An example of heterogeneous
catalysis. The diagrams show a possible
mechanism for nickel catalysing the reaction
between ethene and hydrogen to form ethane.
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Figure 19 The effect of a catal
profile for a reaction.

Enthalpy

Progress of reaction

yst on the enthal py

v

Progress of reaction

Figure 19 The effect of a catalyst on the enthal py
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Figure3 Densities of elementsin Periods
2and 3.
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Melting and boiling
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Figure6 Firstionisation enthalpies of elements
1-20.
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0- Mﬂrﬂ Figure4 Melting and boiling points of elements

S Cl Ar in Period 3.

| Figure5 Variationin atomic size across Period 3.
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Element Atomic number

Figure20 Arrangement of electronsin the
ground state of elements of the first row of the d
block. [Ar] represents the electronic
configuration of argon.

Figure22 The arrangement of metal
atomsin a crystal (a) before and (b) after
slip has taken place. The shaded circles
represent the end row of atoms.

Figure 23 The arrangement of metal
atomsin an alloy.

sc Ti v cr

+2 +2

Loy | [ ] [+ ] [+ ]
EXRER

Figure 24 Oxidation states shown by elementsin
thefirst row of the d block. The most important
oxidation states are in boxes.
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[Ar]
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Electronic arrangement

3d 4s
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building up of inner  outer shell

3d sub-shell

The open circles represent
atoms of iron. The black
circles are the larger atoms
of a metal added to make an

alloy.
Mn Fe Co Ni Cu Zn
L2 | [ ] [x2] [2] [+2] [+2on |
+3 | +3 | | +3 | +3 +3
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B CN 13- CN
NC, | .CN CN NC. .-CN
e P
NG “eN NC/ Nen
B CN | CN
octahedral complex of FE(III) h
coordination number 6 shape
Figure 27 An octahedral complex of Fe(l11). Coordination number 6.
cl 2- cl cl
;,Ni\ Ni._
N Cl el
Cle=~-_ N - Cl Cl
I Cl Cl
tetrahedral complex of Ni(ll) h
coordination number 5 shape
Figure 28 A tetrahedral complex of Ni(ll). Coordination number 4.
. .CN |% NC CN NC, _-CN
\N|// N
o / e - /
NG N NG eN NC/ Sen
square planar complex of Ni(ll) shape

coordination number 4

Figure29 A square planar complex of Ni(Il). Coordination number 4.

+
H3N:—>Ag<—:NH3]

(a) e //O O\\ e Figure30 A linear complex of Ag(l).
:0O—C c—0: Coordination number 2.
(X} / LX)
CH, CH,
\ °e o*
N— CH,— CH,—N
/ 2 2 \
CH CH,
5 ? .-
.oo \\ // o..
(6] (@)
b) — _
®) (0] 2—
1]
C

Figure 32
(@) Edta*, a hexadentate ligand.
(b) The nickel—edta complex ion [ Ni(edta)]*~.




Figure 33 Relative energy levels for the five 3d
"itals of the hydrated Ti3* ion.
energy

A

of 3d orbitals in

[Ti(H,0)el>*

if there was no ] D I;' D D g

splitting [Ti(H20)e] [Ti(H20)]
ground state excited state
3d level split

4]
nininln —2 |
. Average energy

Figure36 Thecisand trans isomers of NH, 1+ T NH, 1+
[Co(NH,),Cl,]* have different colours. °° o
ol .NH, ol .NH;,
o \C — " T \C —
TN TN
Cl NH, H;N ‘ Cl
NH, NH;

cis isomer: violet trans isomer: green



Name Molecular Full structural Shortened Further
formula formula structural shortened
formula to
|
. methane CHg4 H—(|:—H CHy4
H
ethane C,Hsg H—(ll—clz—H CH3—CH3; CH3CH3
T
. propane C3Hg H-?-ﬁl'l—tl'l—H CH3—CH,;—CHg3 CH3CH,CHg
H H H
Table2 Sructural formulae of alkanes.
—— represents a bond in
the plane of the paper
H
| - - - represents a bond in
W109° a direction behind
. -C. ! the plane of the paper
Ho ol
H « lepresents abond in
Figure5 Thethree-dimensional shape of a direction in front of
methane. the plane of the paper
H H
H /H | |
\ L H—C—C—H
.L—C¢C |
H \ H H
H H

a simpler way of drawing
Figure6 Thethree-dimensional shape of ethane. ethane which shows the
shape less accurately

H H H Figure7 Thethree-dimensional shape of butane.
] \\C , s /\/
S N T Y
H»—C C, H skeletal formula
/ / \ of butane
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n e,
\C/ \C/
|
C C
I

H C-C bond length
0.139 nm

Figure 11 The structure of the benzenering.

Figure 14 An electron density map for benzene
at —3°C. Thelines are like contour lines on a
map: they show parts of the molecule with equal

electron density.
Figure 15 Enthalpy changes for the A
hydrogenation of benzene and the hypothetical © +3H,
AH®= -360 kJ mol™

Kekulé structure.
(estimated enthalpy change
@ + 3H, for Kekulé’s benzane)
AH®= —208 kJ mol™
measured enthalpy
change for benzane)

Enthalpy

Y
CgH,, cyclohexane

Progress of reaction

regions of higher electron
density above and below
the benzene ring

%)

Figure 16 Theregions of higher electron density
above and below the benzenering.



Table1 Naming halogenoalkanes.

Cl

Br
/\/\CI

Full structural Skeletal Name
formula formula

|
H—C—C—C—ClI Cl 1-chloropropane

| ///N\\v//

H

|
Cl

1,2-dichloropropane

3-bromo-1-chlorobutane

Name and Structure, showing
formula lone pairs
hydroxide ion, H—O o
OH~
cyanide ion, IN=CP
CN™
ethanoate ion, CH;— ﬁ -0
CH,COO™

3 0
ethoxide ion, CH3CH2—Q:_
Cszo_
water molecule, 20
HoO H H
ammonia N
molecule, H> | "H
NH3 H

Table3 Some common nucleophiles.

Full structural Skeletal Name
formula formula
lr T T /\/OH
H—(IZ—Cli—CIZ—OH propan-1-ol
H H H
T (|)H T OH
H—(I:—Cll—CIZ—H propan-2-ol
H H H
T ¥
H—C—C—C—C—C—H pentan-3-ol
N I A
H H H H H

Table4 Naming alcohals.




Acid derivative Dealt with in Section(s) Example
(0]
/ /
— C\ ester 13.5 and 14.2 CHz;—C ethyl ethanoate
OR O—CH,CHs
(0] (0]
/ % _
— C\ acyl chloride 13.5 and 14.2 CHz— C\ ethanoyl chloride
Cl Cl
(0]
/ /
—C\ amide 13.8 CH3—C\ ethanamide
NH, NH,
(0] (0]
/ U
— C\ CHz;— C\
/O acid anhydride 13.5 and 14.2 /O ethanoic anhydride
—C CH;—C
N\ !
(@) (@)

Table 6 Some examples of acid derivatives.

Table 7 Primary, secondary and tertiary alcohols.

atom which carries

no H atoms:
Tl

R —CIJ— R"
OH

Type of alcohol Position of —OH Example
group
primary at end of chain: propan-1-ol
H H
[ |
R—C—OH CH3CH, —C—OH
I
N H
secondary in middle of chain: propan-2-ol
H H
I
R—(I:—R' CH3_C_CH3
I
éH OH
tertiary attached to a carbon

2-methylpropan-2-ol

T
CHy— C—CHj
|

OH

O

\\C—CH3

CH,—O

ethyl

CH;3

" ethanoate

This part comes
from the acid and
is named after it

This part comes from
the alcohol and is
named after it

Figure6 How to name an ester.




| I
H—C—O0—C— R (long carbon chain)
’ o
I
H—C—O0—C— R?
’ 0
I
H—CIZ—O—C— RS

glycerol part —

fatty acid parts - R, R? and R3
always the same

may be different or the same

Figure7 Thegeneral structure of thetriesters
found in fats and ails.

Figure9 Representations of triglycerides.

Saturated triglyceride

O
O N

Unsaturated triglyceride
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H
........ AT e [ e o
“ |
H
_________ a H
carboxylic acid amine amide group

Figure 18 Making a secondary amide.

a-carbon: the first carbon atom
attached to the —COOH group

R

amino group HoN—C— COOH acid group

H
Figure20 The generalised structure of an c-amino acid.

receives H* from
a COOH group l

H R H R
\' | I, | 7
N—C—C — H—N—C—C
/N [
H H OH H H (6]
T a zwitterion
+
Figure21 How an amino acid forms a zwitterion. le_1|n glcl)-lnzagt;?guts
N=N + H—
diazonium ion @ coupling agent
N=N— + H*

azo compound Figure22 A generalised coupling reaction.
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Figure2 Reactions of alkenes.

Cla(g)
—CH;—CH,— - —CH,—CH— + HCI(g)
sunlight [
Cl
H2(9)
finely divided Ni
at 150 °C and 5 atm.
(or Pt at room temp
and 1 atm.)
Bry HBr
—HC—CH— ~—7—— —HC—=—CH— —_— > —HC—CH—
| | organic solvent organic solvent | |
Br Br room temp alkene room temp H Br
conc H,S0, H20(9)
followed or  phosphoric
by H,O acid catalyst
300 °C and
60 atm.
—HC—CH—
|
H  OH addition polymer
Figure 3 Reactions of halogenoalkanes.
R—OH
H20() alcohol
slow
c. NHz(aq) R—Hal
R—NH, : a
. heatin a halogenoalkane
amine sealed tube
reflux
R—OH
alcohol
0]
|
R—CH,—O—C—R'
ester
R'-COCI R'-COOH
or (R'CO),0 c. H,SO,4 catalyst
anhydrous reflux
conditions
HBr(aq)
. (NaBr(s) + c. HSOy4)
. Al,0O3(s), 300 °C R— CH,—OH reflux
R—CH=CH, B E— . R—CH,—Br
or ¢. HSOy4 primary alcohol
alkene reflux bromoalkane
c. HCI
NaBH,4 Cr,0,%7/H*(aq) R— CH,—Cl
reflux
chloroalkane
Cr,0,27/H*(aq)
R—CHO —_— R—COOH
reflux
aldehyde carboxylic acid

Figure4 Reactions of primary alcohols.
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OH o OH

| NaBH, I HCN |
R—C—H ~—— R—C—H — .~ > R—C—H
| (+ alkali)

H aldehyde CN
primary alcohol a cyanohydrin
Cr,0,27/H*(aq) or heat with
reflux Fehling's

solution
(0]
R—C—OH

Figure5 Reactions of aldehydes. carboxylic acid

OH 0] OH
| NaBH, | HCN |
R—C—R’ - R—C—R' - R—C—R'
| (+ alkali) |
H ketone CN
secondary alcohol a cyanohydrin

Figure6 Reactions of ketones.

carboxylate ion acid anhydride

R'—OH

NaOH(aq) HCl(aq) igﬂﬁﬁﬁﬁf

reflux

R'—OH 0 o
/ c. H,S0, catalyst / — /
R—C B —————— R—C & R—C

\ \ room \

O—H reflux with O—R' temperature cl

carboxylic acid aqueous acid or alkali* ester acyl chloride

L ) c¢. NH,(aq)
o room
\ 7 temperature

reflux with R—C
aqueous acid \
or alkali* NH,
primary amide R—NH,
room
temperature
\
/O
Note Esters and amides are both hydrolysed by heating with aqueous acid or aqueous _ 4
alkali. Alkaline hydrolysis gives the salt of the corresponding carboxylic acid. The free \
carboxylic acid is formed on acidification of the solution. NH —R'
secondary amide

Figure7 Thereactions of carboxylic acids and some related compounds.



temperature

NO,
~ ¢.HNO3
~ c.H2S04
<55°C
R—CI
AICl,
reflux

R

alkylation

o

Figure8 Reactions of arenes.

c. H,SO,
reflux

Q

Br,(l
2Al) FeBr; (or FE)

room
temperature

Ha(9)
finely divided Ni

300 °C, 30 atm.

R—COCI or

AICI,
reflux \ (RCO)0

Friedel-Crafts
reactions

acylation
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Energy in or out

I Products
Feedstock Feedstock - REACTION »| Separation
(reactants) preparation A o p -
_ Temperature, pressure, catalyst Co-products
— Y (and by-products)
Recycle loop Unused feedstock

Input or removal of energy may be required at any stage

Figurel Sequence of unit operationsin a

chemical plant.
(@) Batch reactor
At start Reactants in Some time later
\ -t L \ Tt L

= = = =

| Starting
mixture
[—<F— Stirrer [T

Product
mixture

—

s FIRTH OF FORTH

Glasgow

Lanark
.

STRATHCLYDE

DUMFRIES &

GALLOWAY .
Durrlfrles

SOLWAY FIRTH /' NORTH WESTER

ETHENE PIPELINE

D

{ [ Wilton Works

CUMBRIA

NORTH
i YORKSHIRE

2. " TRANS PENNINE

& ETHENE PIPELINE
Lancastere

LANCASHIRE

Hillhouse Works |#T

\"..s Manchester

Castner/Kellner
Chester*s_ Work

CLWYD %, CHESHIRE .o+

(b) Continuous (stirred tank) reactor
Reactants added continuously

e B

7¢ Product mixture
continuously removed
Figure2 Comparison of (a) batch and
(b) continuous tank reactors.

Figure 3 Pipelines from BP, Grangemouth, and
Exxon, Mossmorran, for the distribution of
ethene.



NATURAL GAS

Fractional
distillation

Methane Ethane Propane Butane
Steam Steam Steam

cracking cracking cracking

Ethene, Ethene, Ethene,

propene propene propene

Figure4 Feedstocks from natural gas.

OlIL

Fractional
distillation

LPG Naphtha Kerosene Gas Oil Residue
I
Steam Catalytic
cracking cracking
Reforming
Ethene, propene,

Steam
cracking
Ethene,
propene high-grade petrol
Ethene, Branched alkanes, cycloalkanes
propene and aromatic hydrocarbons

for high-grade petrol
Figure5 Feedstocks from ail.

(@) (b) Steam Steam  Hot
Heat exchanger in out feed out

e Redotor |l| f |T

Reactants \['}/ Reactants | 22P0°C ( (c : Yy
at20°C at 180°C — (G )~
: : (X )

Products at 200°C T
< Cross section:
Cold Condensed
feed in 0000 . _steam
0oo0o00) o Steam pipe
[oN o eNo)
000
Products at about 60°C A single-pass tubular heat exchanger

Figure6 (&) An example of how energy can be used in a chemical process. (b) A diagramto illustrate a heat exchanger.
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