
Chemistry in Context Fifth Edition
A correlation with the International Baccalaureate Chemistry Diploma



This matching grid is intended to show you how NEW

Chemistry in Context 5th Edition can be used to provide full and

effective coverage of the IB Chemistry Diploma. The guide

follows the same order as the Diploma syllabus, and details the

pages in the new text where you will find the content required.
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contributed to the writing and development of

Chemistry in Context and they continue to do so.”

Graham Hill
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• The combination of clear explanations and the effective use
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accessible to students of all abilities.
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reinforce the text.
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industrial contexts gives the chemistry relevance to

everyday life.

• New material includes ‘Identifying cations’ and
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treatment of organic reaction mechanisms, instrumental

analysis and spectroscopy.

• Study questions at the end of each chapter help students

to develop skills and gain a fuller understanding of the
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• Experimental result and data are used to reinforce key

chemical concepts.

• Valuable pre-exam practice for students is provided with an

extensive bank of examination questions at the end of the

book.
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1 Atoms, atomic masses and moles
Atoms and molecules; Comparing the masses of atoms;
Relative atomic masses – the relative atomic mass scale;
The Avogadro Constant, moles and molar masses;
Empirical formulas and molecular formulas; Solutions
and moles

2 Reacting quantities and equations
What is an equation?; Relative numbers of moles of
reactants and products; Equations for reactions
involving acids and bases; Equations for reactions
involving gases; Reacting volumes of gases; Predicting
and writing equations; What do equations tell us?;
Ionic equations; Writing ionic equations

3 Redox
Introduction; Redox processes in terms of electron
transfer; Electron transfer in redox reactions; Balancing
redox reactions; Electrolysis; Explaining electrolysis;
The Faraday constant; Important types of redox
reaction; Oxidation number; Explaining redox in terms
of oxidation number; The advantages and
disadvantages of the oxidation number concept

4 Patterns and periodicity
Introduction; Families of similar elements; Patterns and
periodicity; Modern forms of the periodic table;
Metals, non-metals and metalloids; Periodic properties;
The periodicity of physical properties; Relating the
properties of elements to their structure; The
periodicity of chemical properties; Periodicity in the
structure and properties of chlorides

5 Atomic structure
Introduction; Evidence for atomic structure; Sub-
atomic particles; Isotopes; Mass numbers, relative
isotopic masses and relative atomic masses

6 Electronic structure
Evidence for the electronic structure of atoms;
Obtaining ionisation energies from emission spectra;
Using ionisation energies to predict electronic
structures – evidence for shells; How are the electrons
arranged in larger atoms?; Evidence for sub-shells of
electrons; Electrons and orbitals; Electronic structures
and the periodic table

7 Nuclear structure and radioactivity
Introduction; Alpha-particles, beta-particles and
gamma-rays; Nuclear equations; Stable and unstable
isotopes; Using radioactive isotopes

8 The electronic theory and chemical
bonding
Introduction; Transfer of electrons – electrovalent
(ionic) bonding; Factors influencing the formation of
ions; Sharing electrons – covalent bonding; Co-
ordinate (dative covalent) bonding; The shapes of
simple molecules; Delocalisation of electrons

9 Intermolecular forces
Polar and non-polar molecules; Electronegativity,
polarity and bonding; Intermolecular forces; How do
Van der Waals forces arise?; Hydrogen bonding; What
is a hydrogen bond?; Estimating the strength of
hydrogen bonds in water; The influence and
importance of hydrogen bonding

10 Structure, bonding and properties –
The Solid State
Introduction; Evidence for the structure of materials;
Electron density maps; Giant metallic structures; The
properties of metals; Giant molecular (giant covalent)
structures; Giant ionic structures; The properties of
ionic crystals; Determining the Avogadro constant
from X-ray studies; Sand and silicates – more giant
structures; Simple molecular structures; Comparing
typical solid structures

11 The gaseous state
Evidence for moving particles; Examining the
Brownian Motion of smoke particles in air; The Kinetic
Theory of Matter; Comparing solids, liquids and gases;
Molar volumes of gases; Important gas laws and the
Ideal Gas Equation; Investigating the distribution of
molecular speeds ingases – the Zartmann experiment;
Determining the relative molar masses of gases and
volatile liquids

12 Energy changes and bonding
Energy and energy changes; The ideas and language
of thermochemistry; The standard conditions for
thermochemical measurements; Standard enthalpy
changes of formation and combustion; Measuring
standard enthalpy changes of formation; Using
standard enthalpy changes of formation to calculate
the energy changes in reactions; Using standard
enthalpy changes of formation to predict the relative
stabilities of compounds; Predicting whether reactions

will occur; Enthalpy changes of combustion and
molecular structure; Finding the strength of the C–H
bond and the C–C bond; What are the uses of bond
energies?; Energy changes in forming ionic substances;
Theoretical values for lattice enthalpies – the ionic
model; Solution, hydration and lattice enthalpy;
Energy sources for the future

13 Patterns across the periodic table
Periodic properties; Atomic structure and the periodic
table; Atomic properties and the periodic table;
Physical properties and the periodic table; Patterns in
the formulas of compounds; Patterns in the properties
of chlorides; Patterns in the properties of oxides

14 Competition processes
Fundamental reactions in inorganic chemistry; Redox –
competition for electrons; Standard electrode
potentials; Measuring standard electrode potentials;
Relative strengths of oxidising agents and reducing
agents; The uses of standard electrode potentials;
Commercial cells; Acids and bases; The Brønsted–Lowry
theory of acids and bases; Relative strengths of acids
and bases; Acid–base reactions: competition for
protons; Complex ions; Naming complex ions;
Polydentate ligands and chelation; Complexing –
competition for cations; Investigating the formulas of
complex ions; The use and importance of complex ions;
Titrations – determining amounts and concentrations

15 Groups I and II – the alkali metals and
the alkaline-earth metals
Introduction; Oxidation numbers and s-block elements;
Physical properties; Chemical properties; Thermal
stability of salts; The solubility of salts; Occurrence of
the s-block elements; Manufacture of the s-block
elements; Uses of the s-block elements and their
compounds

16 Group VII – the halogens
Introduction; Sources of the halogens; Obtaining the
halogens; Structure and properties of the halogens;
Chemical properties of the halogens; the halogens as
oxidising agents; The reactions of halogens with
water; The reactions of halogens with alkalis;
Reactions of halide ions; Uses of the halogens

17 Group IV – carbon to lead, non-metal
to metal
Introduction; Variation in the physical properties of
the elements; Variation in the chemical properties of
the elements; General features of the compounds

18 The transition metals
Introduction; Ions of the transition metals; What is a
transition element?; Trends across the period of
transition metals; General properties of the first
transition series (Sc to Zn); Characteristic properties of
transition metals and their compounds

19 Metals and the activity series
Iron – a typical transition metal; The occurrence of
iron; The manufacture of iron; The conversion of iron
into steel; The reactions of iron and its aqueous ions;
The corrosion of iron and its prevention; Copper –
extraction and manufacture; The properties and uses
of copper; Aluminium – extraction and manufacture;
The properties and uses of aluminium; The reactions of
metals and the activity series; The extraction of metals
from their ores; Factors influencing the choice of
method used to reduce a metal ore; Metal extractions
and the electrochemical series; Identifying cations;
Recycling

20 Equilibria
Introduction; Equilibria in physical processes;
Characteristic features of a dynamic equilibrium;
Equilibria in chemical reactions; The equilibrium of a
solute between two immiscible solvents – the Partition
Coefficient; Solvent extraction; The equilibrium
constant; The equilibrium law; Equilibrium constants in
gaseous systems; Heterogeneous equilibria

21 Factors affecting equilibria
The effect of concentration changes on equilibria; The
effect of pressure changes on equilibria; The effect of
catalysts on equilibria; The effect of temperature
changes on equilibria; Applying the principles of
reaction rates and equilibria to industrial processes;
From ammonia to nitric acid; Fertilisers and explosives
from nitric acid

22 Ionic equilibria in aqueous solution
Introduction; The solubility of sparingly soluble ionic
solids in water; Limitations to the solubility product
concept; Using the solubility product concept; The
strengths of acids and bases; The dissociation of water;
The pH scale; The measurement of hydrogen ion
concentration and pH; Dissociation constants of acids

and bases; Acid–base indicators; pH changes during
titrations; Buffer solutions

23 Entropy and free energy
Introduction; A simple example – the diffusion of
gases; Entropy; Entropy changes; Entropy changes and
free energy changes; Free energy, electrode potentials
and equilibrium constants

24 Reaction rates
Introduction; The concept of reaction rate; Factors
affecting the rate of a reaction; Measuring reaction
rates; Investigating the effect of concentration on the
rate of a reaction; Order of reaction and rate
equations; The half-life for a first-order reaction and
for radioactive decay; Investigating the effect of
temperature on the rate of a reaction; Explaining the
increase in reaction rate with temperature – the
collision theory; Catalysis; The importance of reaction
rate studies

25 Introduction to carbon chemistry
Carbon – a unique element; Organic chemistry;
Functional groups; Finding the formulas of organic
compounds; Instrumental methods of analysis;
Spectroscopy 0; Writing structural formulas; Isomerism

26 Petroleum and alkanes
Crude oil; The composition of crude oil; Naming
alkanes; Physical properties of alkanes; Reaction
mechanisms in organic chemistry; Reactivity of alkanes;
Important reactions of alkanes; The environmental
impact of motor vehicle fuels; Cycloalkanes

27 Unsaturated hydrocarbons
Why alkenes are important; Nomenclature of alkenes;
The nature of the double bond; Cis–trans isomerism;
Mechanism of addition to a double bond; Important
reactions of alkenes; Polymers; Addition
polymerisation; Rubber – a natural addition polymer;
Alkynes

28 Aromatic hydrocarbons
Aromatic hydrocarbons; The structure of benzene;
Nomenclature of aromatic compounds; The
importance of benzene; Chemical characteristics of
benzene; Mechanism of substitution reactions of
benzene; Important electrophilic substitution reactions
of benzene; Other important reactions of benzene;
Other arenes; Position of substitution in benzene
derivatives

29 Organic halogen compounds
Anaesthetics; Nomenclature; The nature of the
carbon–halogen bond; Nucleophilic substitution;
Important substitution reactions of halogenoalkanes;
Elimination reactions; Acyl halides

30 Alcohols, phenols and ethers
Fermentation; Nomenclature of alcohols; Alcohols as a
homologous series; The amphoteric nature of hydroxy
compounds; Reactions involving cleavage of the O–H
bond; Reactions involving cleavage of the C–O bond;
Reactions involving the carbon skeleton; Substitution
reactions of the aromatic ring in phenol; Ethers

31 Carbonyl compounds
The carbonyl group; Aldehydes and ketones – nature
and nomenclature; Addition reactions of carbonyl
compounds; Condensation reactions of carbonyl
compounds; Oxidation of carbonyl compounds; Effect
of the carbonyl group on neighbouring atoms; Sugars
– naturally occurring carbonyl compounds; Starch

32 Carboxylic acids and their derivatives
Carboxylic acids; The carboxyl group; Salts of carboxylic
acids; Some important reactions of carboxylic acids;
Esters; Fats; Acid anhydrides

33 Organic nitrogen compounds
Dyestuffs and the development of the organic
chemical industry; Important organic nitrogen
compounds; The nature and occurrence of amines;
Making amines; Amines as bases; Other reactions of
amines; Diazonium salts; Amino acids and proteins;
Synthetic fibres and nylon

34 Synthetic routes for organic chemicals
Introduction; Starting materials for synthesis;
Ascending and descending a homologous series;
Synthetic routes for aromatic compounds; Reaction
yield
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The modern periodic table
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Answers to study questions

Contents



4

1.
1.

1
D

es
cr

ib
e 

th
e 

ba
si

s 
of

 t
h

e 
m

ol
e 

co
n

ce
p

t,
 a

n
d 

a
p

p
ly

 i
t 

to
 s

u
bs

ta
n

ce
s.

4–
5

1.
1.

2
Pe

rf
or

m
 c

a
lc

u
la

ti
on

s 
in

vo
lv

in
g 

n
u

m
be

r 
of

 p
a

rt
ic

le
s 

a
n

d 
m

ol
es

 o
f 

a
 s

u
bs

ta
n

ce
.

5–
6

1.
2.

1
D

ef
in

e 
a

n
d 

ca
lc

u
la

te
 t

h
e 

m
a

ss
 o

f 
on

e 
m

ol
e 

of
 a

 s
p

ec
ie

s.
5

1.
2.

2
Ex

p
la

in
 t

h
e 

re
la

ti
on

sh
ip

 b
et

w
ee

n
 m

ol
es

 a
n

d 
m

a
ss

.
5

1.
2.

3
D

ef
in

e 
a

n
d 

ca
lc

u
la

te
 ‘e

m
p

ir
ic

a
l 

fo
rm

u
la

’.
6,

 8

1.
2.

4
D

ef
in

e 
a

n
d 

ca
lc

u
la

te
 ‘m

ol
ec

u
la

r 
fo

rm
u

la
’.

6,
 8

1.
3.

1
Id

en
ti

fy
 t

h
e 

m
ol

e 
ra

ti
os

 o
f 

a
n

y 
tw

o 
sp

ec
ie

s 
in

 a
 b

a
la

n
ce

d 
ch

em
ic

a
l 

eq
u

a
ti

on
.

10

1.
3.

2
B

a
la

n
ce

 s
im

p
le

 c
h

em
ic

a
l 

eq
u

a
ti

on
s 

w
h

en
 a

ll
 r

ea
ct

a
n

ts
 a

n
d 

p
ro

du
ct

s 
a

re
 g

iv
en

.
11

–1
9

1.
3.

3
D

ef
in

e 
a

n
d 

u
se

 t
h

e 
st

a
te

 s
ym

bo
ls

, 
(s

) 
(l

),
 (

g)
 a

n
d 

(a
q)

.
18

Sy
ll

a
b

u
s

Sy
ll

a
b

u
s 

co
n

te
n

t
P

a
g

e 
re

fe
re

n
ce

A
ct

iv
it

ie
s 

in
P

a
g

e 
re

fe
re

n
ce

re
fe

re
n

ce
in

 C
h

em
is

tr
y 

in
C

h
em

is
tr

y 
in

 C
on

te
xt

in
 C

h
em

is
tr

y 
in

C
on

te
xt

 5
e

La
bo

ra
to

ry
 M

a
n

u
a

l
C

on
te

xt
a

n
d

 S
tu

d
y 

G
u

id
e

La
bo

ra
to

ry
M

a
n

u
a

l 
a

n
d

St
u

d
y 

G
u

id
e

T
o
p

ic
 1

 –
 S

to
ic

h
io

m
e
tr

y
1

.1
M

o
le

 c
o
n
ce

p
t 

a
n
d

 A
v
o
g
a
d

ro
’s

 c
o
n
st

a
n
t

1
.2

Fo
rm

u
la

e

1
.3

C
h
em

ic
a
l 

eq
u
a
ti

o
n
s

1.
4.

1
C

a
lc

u
la

te
 s

to
ic

h
io

m
et

ri
c 

qu
a

n
ti

ti
es

, 
a

n
d 

u
se

 t
h

es
e 

to
 d

et
er

m
in

e 
ex

p
er

im
en

ta
l 

a
n

d 
th

eo
re

ti
ca

l 
yi

el
ds

.
11

–1
9

D
et

er
m

in
a

ti
on

 o
f 

ch
lo

ri
de

8–
9

io
n

s 
in

 s
ea

 w
a

te
r.

1.
4.

2
D

et
er

m
in

e 
th

e 
li

m
it

in
g 

re
a

ge
n

t 
a

n
d 

th
e 

re
a

ge
n

t 
in

 e
x

ce
ss

 w
h

en
 q

u
a

n
ti

ti
es

 o
f 

tw
o 

re
a

ct
in

g 
su

bs
ta

n
ce

s 
a

re
 g

iv
en

.

1
.4

M
a
ss

 r
el

a
ti

o
n
sh

ip
s 

in
 c

h
em

ic
a
l 

re
a
ct

io
n
s

1.
5.

1
D

ef
in

e 
th

e 
te

rm
s 

‘s
ol

u
te

’, 
‘s

ol
ve

n
t’

, 
‘s

ol
u

ti
on

’ a
n

d 
‘c

on
ce

n
tr

a
ti

on
’ (

g 
dm

-3
a

n
d 

m
ol

 d
m

-3
).

7–
9,

 1
1

1.
5.

2
A

p
p

ly
 a

n
d 

u
se

 t
h

e 
co

n
ce

p
t 

of
 c

on
ce

n
tr

a
ti

on
.

7

1.
5.

3
So

lv
e 

si
m

p
le

 s
ol

u
ti

on
 s

to
ic

h
io

m
et

ry
 p

ro
bl

em
s.

11
–1

9

1
.5

So
lu

ti
o
n
s

2.
1.

1
St

a
te

 t
h

e 
p

ro
p

er
ti

es
 o

f 
p

ro
to

n
s,

 e
le

ct
ro

n
s 

a
n

d 
n

eu
tr

on
s 

in
 t

er
m

s 
of

 t
h

ei
r 

re
la

ti
ve

 m
a

ss
 a

n
d 

re
la

ti
ve

 c
h

a
rg

e.
60

2.
1.

2
St

a
te

 t
h

e 
re

la
ti

ve
 p

os
it

io
n

 o
f 

p
ro

to
n

s,
 n

eu
tr

on
s 

a
n

d 
el

ec
tr

on
s 

in
 t

h
e 

n
u

cl
eu

s 
a

n
d 

sh
el

ls
.

68
–7

3

2.
1.

3
D

ef
in

e 
th

e 
te

rm
s 

‘m
a

ss
 n

u
m

be
r’

 (
A

),
 ‘a

to
m

ic
 n

u
m

be
r’

 (
Z)

 a
n

d 
‘is

ot
op

e’
.

60
–6

2

2.
1.

4
W

ri
te

 t
h

e 
sy

m
bo

l 
fo

r 
a

n
y 

sp
ec

if
ie

d 
is

ot
op

e 
gi

ve
n

 t
h

e 
m

a
ss

 n
u

m
be

r 
a

n
d 

a
to

m
ic

 n
u

m
be

r.
61

2.
1.

5
Ex

p
la

in
 h

ow
 t

h
e 

is
ot

op
es

 o
f 

a
n

 e
le

m
en

t 
di

ff
er

.
61

2.
1.

6
Ex

p
la

in
 t

h
a

t 
n

on
-i

n
te

ge
r 

a
to

m
ic

 m
a

ss
es

 r
es

u
lt

 f
ro

m
 t

h
e 

ex
is

te
n

ce
 o

f 
is

ot
op

es
.

62

2.
1.

7
C

a
lc

u
la

te
 t

h
e 

n
u

m
be

r 
of

 p
ro

to
n

s,
 e

le
ct

ro
n

s 
a

n
d 

n
eu

tr
on

s 
in

 a
to

m
s 

a
n

d 
io

n
s 

fr
om

 m
a

ss
 n

u
m

be
r,

 a
to

m
ic

 n
u

m
be

r 
a

n
d 

ch
a

rg
e.

61
–6

3

2
.1

T
h
e 

n
u
cl

ea
r 

a
to

m

T
o
p

ic
 2

 –
 A

to
m

ic
 t

h
e
o
ry

2.
2.

1
D

es
cr

ib
e 

a
n

d 
ex

p
la

in
 t

h
e 

di
ff

er
en

ce
 b

et
w

ee
n

 a
 c

on
ti

n
u

ou
s 

sp
ec

tr
u

m
 a

n
d 

a
 l

in
e 

sp
ec

tr
u

m
.

64
–6

6

2.
2.

2
Ex

p
la

in
 h

ow
 t

h
e 

li
n

es
 i

n
 a

n
 e

m
is

si
on

 s
p

ec
tr

u
m

 a
re

 r
el

a
te

d 
to

 t
h

e 
en

er
gy

 l
ev

el
s 

of
 e

le
ct

ro
n

s.
65

2.
2.

3
D

es
cr

ib
e 

el
ec

tr
on

ic
 s

tr
u

ct
u

re
s 

of
 a

to
m

s 
in

 t
er

m
s 

of
 m

a
in

 l
ev

el
s.

69
–7

3

2.
2.

4
A

p
p

ly
 t

h
e 

n
ot

a
ti

on
 f

or
 e

le
ct

ro
n

ic
 c

on
fi

gu
ra

ti
on

 (
u

p
 t

o 
Z

 =
 2

0)
.

73

2
.2

E
le

ct
ro

n
 A

rr
a
n
g
em

en
t



5

T
o
p

ic
 3

 –
 P

e
ri

o
d
ic

it
y

3.
1.

1
Ex

p
la

in
 t

h
e 

a
rr

a
n

ge
m

en
t 

of
 t

h
e 

Pe
ri

od
ic

 T
a

bl
e 

of
 e

le
m

en
ts

 i
n

 o
rd

er
 o

f 
in

cr
ea

si
n

g 
a

to
m

ic
 n

u
m

be
r.

73

3.
1.

2
D

ef
in

e 
th

e 
te

rm
s 

‘g
ro

u
p

’ a
n

d 
‘p

er
io

d’
.

37
, 

38

3.
1.

3
D

is
cu

ss
 t

h
e 

re
la

ti
on

sh
ip

 b
et

w
ee

n
 t

h
e 

el
ec

tr
on

 c
on

fi
gu

ra
ti

on
 o

f 
el

em
en

ts
 a

n
d 

th
ei

r 
p

os
it

io
n

 i
n

 t
h

e 
Pe

ri
od

ic
 T

a
bl

e.
73

, 
74

3
.1

T
h
e 

P
er

io
d

ic
 T

a
b
le

4.
3.

1
D

es
cr

ib
e 

th
e 

ty
p

es
 o

f 
in

te
rm

ol
ec

u
la

r 
fo

rc
e 

(h
yd

ro
ge

n
 b

on
d,

 d
ip

ol
e–

di
p

ol
e 

a
tt

ra
ct

io
n

 a
n

d 
va

n
 d

er
 W

a
a

ls
’ f

or
ce

s)
.

99
–1

08

4.
3.

2
Ex

p
la

in
 h

ow
 t

h
e 

th
re

e 
ty

p
es

 o
f 

in
te

rm
ol

ec
u

la
r 

fo
rc

e 
(h

yd
ro

ge
n

 b
on

d,
 d

ip
ol

e–
di

p
ol

e 
a

tt
ra

ct
io

n
 a

n
d 

va
n

 d
er

 W
a

a
ls

’ f
or

ce
s)

 
99

–1
08

a
ri

se
 f

ro
m

 t
h

e 
st

ru
ct

u
ra

l 
fe

a
tu

re
s 

of
 m

ol
ec

u
le

s 
a

n
d 

h
ow

 t
h

ey
 a

ff
ec

t 
th

e 
p

ro
p

er
ti

es
 o

f 
su

bs
ta

n
ce

s.

4
.3

In
te

rm
o
le

cu
la

r 
fo

rc
es

4.
4.

1
D

es
cr

ib
e 

th
e 

fo
rm

a
ti

on
 o

f 
a

 m
et

a
ll

ic
 b

on
d 

a
n

d 
a

cc
ou

n
t 

fo
r 

th
e 

p
h

ys
ic

a
l 

p
ro

p
er

ti
es

 a
ss

oc
ia

te
d 

w
it

h
 m

et
a

ll
ic

 b
on

ds
.

11
9–

12
2

4
.4

M
et

a
ll

ic
 b

o
n
d

4.
5.

1
Pr

ed
ic

t 
a

n
d 

ex
p

la
in

 t
h

e 
fo

ll
ow

in
g 

p
ro

p
er

ti
es

 o
f 

su
bs

ta
n

ce
s 

re
su

lt
in

g 
fr

om
 d

if
fe

re
n

t 
ty

p
es

 o
f 

bo
n

di
n

g:
12

1,
 1

23
, 

12
6,

m
el

ti
n

g 
a

n
d 

bo
il

in
g 

p
oi

n
ts

, 
vo

la
ti

li
ty

, 
co

n
du

ct
iv

it
y 

a
n

d 
so

lu
bi

li
ty

.
13

2

4
.5

P
h
y
si

ca
l 

P
ro

p
er

ti
es

3.
2.

1
D

es
cr

ib
e 

a
n

d 
ex

p
la

in
 t

h
e 

p
er

io
di

c 
tr

en
ds

 f
or

 a
lk

a
li

 m
et

a
ls

 (
Li

 →
C

s)
, 

h
a

lo
ge

n
s 

(F
 →

I)
 a

n
d.

p
er

io
d 

3 
el

em
en

ts
 (

N
a

 →
A

r)
 i

n
 

21
9,

 1
69

–1
77

a
to

m
ic

 r
a

di
i, 

io
n

ic
 r

a
di

i, 
io

n
is

a
ti

on
 e

n
er

gi
es

, 
m

el
ti

n
g 

p
oi

n
ts

 a
n

d 
el

ec
tr

on
eg

a
ti

vi
ty

.

3
.2

P
h
y
si

ca
l 

p
ro

p
er

ti
es

3.
3.

1
D

is
cu

ss
 t

h
e 

si
m

il
a

ri
ti

es
 i

n
 c

h
em

ic
a

l 
n

a
tu

re
 o

f 
el

em
en

ts
 i

n
 t

h
e 

sa
m

e 
gr

ou
p

.
17

8

3.
3.

2
D

is
cu

ss
 t

h
e 

ch
a

n
ge

 f
ro

m
 m

et
a

ll
ic

 t
o 

n
on

-m
et

a
ll

ic
 n

a
tu

re
 o

f 
th

e 
el

em
en

ts
 a

cr
os

s 
p

er
io

d 
3.

17
9–

18
2

Pe
ri

od
ic

it
y 

of
 o

x
id

es
.

46

3
.3

C
h
em

ic
a
l 

p
ro

p
er

ti
es

4.
1.

1
D

es
cr

ib
e 

th
e 

io
n

ic
 b

on
d 

a
s 

a
 r

es
u

lt
 o

f 
th

e 
a

tt
ra

ct
io

n
 b

et
w

ee
n

 i
on

s.
83

–8
6

4.
1.

2
Pr

ed
ic

t 
w

h
ic

h
 i

on
s 

w
il

l 
be

 f
or

m
ed

 w
h

en
 m

et
a

ls
 i

n
 g

ro
u

p
s 

1,
2 

a
n

d 
3 

of
 t

h
e 

Pe
ri

od
ic

 T
a

bl
e 

lo
se

 e
le

ct
ro

n
s.

17
8

4.
1.

3
Pr

ed
ic

t 
th

e 
io

n
s 

w
h

ic
h

 w
il

l 
be

 f
or

m
ed

 w
h

en
 m

em
be

rs
 i

n
 g

ro
u

p
s 

6 
a

n
d 

7 
ga

in
 e

le
ct

ro
n

s.
17

8

4.
1.

4
St

a
te

 t
h

a
t 

tr
a

n
si

ti
on

 m
et

a
ls

 c
a

n
 f

or
m

 m
or

e 
th

a
n

 o
n

e 
io

n
.

83
–8

6

4.
1.

5
C

la
ss

if
y 

a
 b

in
a

ry
 c

om
p

ou
n

d 
a

s 
m

a
in

ly
 i

on
ic

 o
r 

m
a

in
ly

 c
ov

a
le

n
t 

fr
om

 i
n

sp
ec

ti
on

 o
f 

it
s 

fo
rm

u
la

.
83

–8
6

4.
1.

6
W

ri
te

 t
h

e 
fo

rm
u

la
 a

n
d 

gi
ve

 t
h

e 
n

a
m

e 
of

 b
in

a
ry

 i
on

ic
 c

om
p

ou
n

ds
 f

or
m

ed
 f

ro
m

 e
le

m
en

ts
 o

f 
gr

ou
p

s 
1,

 2
, 

3 
a

n
d 

5,
 6

, 
7.

17
8

4
.1

Io
n
ic

 B
o
n
d

in
g

4.
2.

1
D

es
cr

ib
e 

th
e 

co
va

le
n

t 
bo

n
d 

a
s 

p
ro

du
ce

d 
by

 t
h

e 
sh

a
ri

n
g 

of
 e

le
ct

ro
n

s.
86

–9
0

4.
2.

2
Pr

ed
ic

t 
fo

rm
u

la
e 

of
 s

im
p

le
 c

om
p

ou
n

ds
 c

on
ta

in
in

g 
si

n
gl

e 
a

n
d 

m
u

lt
ip

le
 b

on
ds

.
86

–9
0

4.
2.

3
Pr

ed
ic

t 
th

e 
re

la
ti

ve
 e

le
ct

ro
n

eg
a

ti
vi

ty
 o

f 
tw

o 
or

 m
or

e 
el

em
en

ts
 b

a
se

d 
on

 t
h

ei
r 

p
os

it
io

n
s 

in
 t

h
e 

Pe
ri

od
ic

 T
a

bl
e.

17
5

4.
2.

4
Pr

ed
ic

t 
th

e 
re

la
ti

ve
 p

ol
a

ri
ty

 o
f 

bo
n

ds
 b

a
se

d 
on

 e
le

ct
ro

n
eg

a
ti

vi
ty

 v
a

lu
es

.
96

–9
9

4.
2.

5
Pr

ed
ic

t 
sh

a
p

es
 o

f 
m

ol
ec

u
le

s 
w

it
h

 f
ou

r 
el

ec
tr

on
 p

a
ir

s 
on

 t
h

e 
ce

n
tr

a
l 

a
to

m
.

90
–9

4

4.
2.

6
Pr

ed
ic

t 
m

ol
ec

u
la

r 
p

ol
a

ri
ty

 b
a

se
d 

on
 b

on
d 

p
ol

a
ri

ty
 a

n
d 

m
ol

ec
u

la
r 

sh
a

p
es

.
10

0,
 1

03
–1

07
St

ru
ct

u
re

 a
n

d 
bo

n
di

n
g 

p
ro

p
er

ti
es

.
14

–1
6

4
.2

C
o
v
a
le

n
t 

B
o
n
d

T
o
p

ic
 4

 –
 B

o
n

d
in

g

T
o
p

ic
 5

 –
 S

ta
te

s
 o

f 
m

a
tt

e
r

5.
1.

1
D

es
cr

ib
e 

a
n

d 
co

m
p

a
re

 s
ol

id
s,

 l
iq

u
id

s 
a

n
d 

ga
se

s 
a

s 
th

e 
th

re
e 

st
a

te
s 

of
 m

a
tt

er
.

13
6,

 1
37

5.
1.

2
D

es
cr

ib
e 

ki
n

et
ic

 t
h

eo
ry

 i
n

 t
er

m
s 

of
 t

h
e 

m
ov

em
en

t 
of

 p
a

rt
ic

le
s 

w
h

os
e 

en
er

gy
 i

s 
p

ro
p

or
ti

on
a

l 
to

 a
bs

ol
u

te
 t

em
p

er
a

tu
re

.
13

9

5
.1

St
a
te

s 
o
f 

m
a
tt

er



6

6.
1.

1
D

ed
u

ce
 f

ro
m

 d
a

ta
 w

h
et

h
er

 h
ea

t 
is

 r
el

ea
se

d 
or

 a
bs

or
be

d 
in

 a
 r

ea
ct

io
n

.
14

6,
 1

47

6.
1.

2
Ex

p
la

in
 a

n
d 

u
se

 t
h

e 
te

rm
s:

 e
x

ot
h

er
m

ic
, 

en
do

th
er

m
ic

, 
en

th
a

lp
y 

of
 r

ea
ct

io
n

 (
∆H

).
14

6

6.
1.

3
St

a
te

 t
h

e 
si

gn
 o

f 
∆H

fo
r 

a
 r

ea
ct

io
n

.
14

7

6.
1.

4
D

ed
u

ce
 f

ro
m

 a
n

 e
n

th
a

lp
y 

le
ve

l 
di

a
gr

a
m

 t
h

e 
re

la
ti

ve
 s

ta
bi

li
ti

es
 o

f 
su

bs
ta

n
ce

s,
 a

n
d 

th
e 

si
gn

 o
f 

th
e 

en
th

a
lp

y 
ch

a
n

ge
 

15
3,

 1
54

fo
r 

a
 c

on
ve

rs
io

n
 o

f 
on

e 
sy

st
em

 t
o 

a
n

ot
h

er
.

6.
1.

5
D

es
cr

ib
e 

a
n

d 
ex

p
la

in
 t

h
e 

ch
a

n
ge

s 
w

h
ic

h
 t

a
ke

 p
la

ce
 a

t 
th

e 
m

ol
ec

u
la

r 
le

ve
l 

in
 c

h
em

ic
a

l 
re

a
ct

io
n

s.
15

4–
16

0

6
.1

E
x
o
th

er
m

ic
 a

n
d

 e
n
d

o
th

er
m

ic
 r

ea
ct

io
n
s

T
o
p

ic
 6

 –
 E

n
e
rg

e
ti

c
s

6.
2.

1
C

a
lc

u
la

te
 t

h
e 

en
er

gy
 t

ra
n

sf
er

re
d 

in
 c

h
a

n
gi

n
g 

th
e 

te
m

p
er

a
tu

re
 o

f 
a

 p
u

re
 s

u
bs

ta
n

ce
.

14
6

6.
2.

2
Ex

p
la

in
 t

h
a

t 
en

th
a

lp
y 

ch
a

n
ge

s 
of

 r
ea

ct
io

n
 m

ea
su

re
 e

n
th

a
lp

y 
ch

a
n

ge
s 

fo
r 

sp
ec

if
ic

 q
u

a
n

ti
ti

es
 o

f 
ei

th
er

 r
ea

ct
a

n
ts

 o
r 

p
ro

du
ct

s.
14

8

6.
2.

3
C

a
lc

u
la

te
 t

h
e 

en
th

a
lp

y 
ch

a
n

ge
 f

or
 a

 r
ea

ct
io

n
 i

n
 a

qu
eo

u
s 

so
lu

ti
on

 f
ro

m
 e

x
p

er
im

en
ta

l 
da

ta
 o

n
 t

em
p

er
a

tu
re

 c
h

a
n

ge
s 

En
th

a
lp

y 
of

 n
eu

tr
a

li
sa

ti
on

.
17

–1
9

a
n

d 
qu

a
n

ti
ti

es
 o

f 
re

a
ct

a
n

ts
.

6.
2.

4
Su

gg
es

t 
su

it
a

bl
e 

ex
p

er
im

en
ta

l 
p

ro
ce

du
re

s 
fo

r 
m

ea
su

ri
n

g 
en

th
a

lp
y 

ch
a

n
ge

s 
of

 r
ea

ct
io

n
s 

in
 a

qu
eo

u
s 

so
lu

ti
on

.

6.
2.

5
D

es
cr

ib
e,

 e
va

lu
a

te
 a

n
d 

ex
p

la
in

 t
h

e 
re

su
lt

s 
of

 e
x

p
er

im
en

ts
 o

n
 e

n
th

a
lp

y 
ch

a
n

ge
s.

En
th

a
lp

y 
of

 n
eu

tr
a

li
sa

ti
on

.
17

–1
9

6
.2

C
a
lc

u
la

ti
o
n
 o

f 
en

th
a
lp

y
 c

h
a
n
g
es

6.
3.

1
C

a
lc

u
la

te
 t

h
e 

en
th

a
lp

y 
ch

a
n

ge
 o

f 
a

 r
ea

ct
io

n
 w

h
ic

h
 i

s 
th

e 
su

m
 o

f 
tw

o 
or

 m
or

e 
re

a
ct

io
n

s 
w

it
h

 k
n

ow
n

 e
n

th
a

lp
y 

15
0–

15
3

D
ec

om
p

os
it

io
n

 o
f 

p
ot

a
ss

iu
m

20
–2

1
ch

a
n

ge
s 

of
 r

ea
ct

io
n

.
h

yd
ro

ge
n

 c
a

rb
on

a
te

.

6
.3

H
es

s’
 L

a
w

6.
4.

1
D

ef
in

e 
a

ve
ra

ge
 b

on
d 

en
th

a
lp

y.
16

6

6.
4.

2
C

a
lc

u
la

te
 t

h
e 

en
th

a
lp

y 
ch

a
n

ge
 o

f 
a

 r
ea

ct
io

n
 u

si
n

g 
bo

n
d 

en
th

a
lp

ie
s.

15
5–

16
0

6
.4

B
o
n
d

 e
n
th

a
lp

ie
s

7.
1.

1
St

a
te

 t
h

e 
m

ea
n

in
g 

of
 r

a
te

 o
f 

re
a

ct
io

n
 a

n
d 

de
sc

ri
be

 t
h

e 
m

ea
su

re
m

en
t 

of
 r

ea
ct

io
n

 r
a

te
s.

35
3

7.
1.

2
In

te
rp

re
t 

a
n

d 
ex

p
la

in
 d

a
ta

 o
bt

a
in

ed
 f

ro
m

 e
x

p
er

im
en

ts
 c

on
ce

rn
ed

 w
it

h
 r

a
te

s 
of

 r
ea

ct
io

n
s.

35
6–

35
8

7
.1

R
a
te

s 
o
f 

re
a
ct

io
n

T
o
p

ic
 7

 –
 K

in
e
ti

c
s

5.
1.

3
D

es
cr

ib
e 

qu
a

li
ta

ti
ve

ly
, 

in
 m

ol
ec

u
la

r 
te

rm
s,

 t
h

e 
ch

a
n

ge
s 

of
 s

ta
te

: 
so

li
d⇔

li
qu

id
⇔

ga
s.

13
6,

 1
37

5.
1.

4
D

es
cr

ib
e 

qu
a

li
ta

ti
ve

ly
, 

w
it

h
ou

t 
th

e 
u

se
 o

f 
ca

lc
u

la
ti

on
, 

th
e 

ef
fe

ct
s 

of
 t

em
p

er
a

tu
re

, 
p

re
ss

u
re

 a
n

d 
vo

lu
m

e 
ch

a
n

ge
s 

13
7

on
 a

 f
ix

ed
 m

a
ss

 o
f 

a
n

 i
de

a
l 

ga
s.

5.
1.

5
D

es
cr

ib
e 

di
ff

u
si

on
 u

si
n

g 
si

m
p

le
 k

in
et

ic
 t

h
eo

ry
.

13
5

7.
2.

1
Ex

p
la

in
 c

ol
li

si
on

 t
h

eo
ry

.
36

6

7.
2.

2
Pr

ed
ic

t 
th

e 
qu

a
li

ta
ti

ve
 e

ff
ec

t 
of

 p
a

rt
ic

le
 s

iz
e,

 t
em

p
er

a
tu

re
, 

co
n

ce
n

tr
a

ti
on

 a
n

d 
ca

ta
ly

st
s 

on
 t

h
e 

ra
te

 o
f 

a
 r

ea
ct

io
n

, 
u

si
n

g 
35

4–
35

5
co

ll
is

io
n

 t
h

eo
ry

.

7.
2.

3
Ex

p
la

in
 t

h
a

t 
re

a
ct

io
n

s 
ca

n
 o

cc
u

r 
by

 m
or

e 
th

a
n

 o
n

e 
st

ep
 a

n
d 

th
a

t 
on

e 
st

ep
 c

a
n

 d
et

er
m

in
e 

th
e 

ra
te

 o
f 

re
a

ct
io

n
.

37
3,

 3
74

7
.2

C
o
ll

is
io

n
 t

h
eo

ry

T
o
p

ic
 8

 –
 E

q
u

il
ib

ri
u

m

8.
1.

1
St

a
te

 t
h

e 
ch

a
ra

ct
er

is
ti

cs
 o

f 
a

 s
ys

te
m

 i
n

 a
 s

ta
te

 o
f 

eq
u

il
ib

ri
u

m
.

29
2

8
.1

D
y
n
a
m

ic
 e

q
u
il

ib
ri

u
m



7

8.
2.

1
St

a
te

 t
h

e 
eq

u
il

ib
ri

u
m

 c
on

st
a

n
t 

ex
p

re
ss

io
n

 (
K c

) 
fo

r 
a

 h
om

og
en

eo
u

s 
re

a
ct

io
n

.
29

6–
29

9

8.
2.

2
D

ed
u

ce
 t

h
e 

ex
te

n
t 

of
 r

ea
ct

io
n

 f
ro

m
 t

h
e 

m
a

gn
it

u
de

 o
f 

th
e 

eq
u

il
ib

ri
u

m
 c

on
st

a
n

t.
29

9

8.
2.

3
D

es
cr

ib
e 

th
e 

qu
a

li
ta

ti
ve

 e
ff

ec
ts

 o
f 

te
m

p
er

a
tu

re
, 

p
re

ss
u

re
 a

n
d 

co
n

ce
n

tr
a

ti
on

 o
n

 t
h

e 
p

os
it

io
n

 o
f 

eq
u

il
ib

ri
u

m
 a

n
d 

va
lu

e 
30

5–
30

9
of

 t
h

e 
eq

u
il

ib
ri

u
m

 c
on

st
a

n
t.

8.
2.

4
Pr

ed
ic

t 
qu

a
li

ta
ti

ve
ly

 t
h

e 
ef

fe
ct

s 
of

 c
h

a
n

ge
s 

of
 t

em
p

er
a

tu
re

, 
p

re
ss

u
re

 a
n

d 
co

n
ce

n
tr

a
ti

on
 o

n
 a

 s
ys

te
m

 i
n

 e
qu

il
ib

ri
u

m
.

30
5–

30
9

8.
2.

5
Ex

p
la

in
 t

h
a

t 
a

 c
a

ta
ly

st
 d

oe
s 

n
ot

 a
ff

ec
t 

th
e 

p
os

it
io

n
 o

f 
eq

u
il

ib
ri

u
m

 o
r 

th
e 

va
lu

e 
of

 t
h

e 
eq

u
il

ib
ri

u
m

 c
on

st
a

n
t.

30
8

8.
2.

6
D

es
cr

ib
e 

a
n

d 
ex

p
la

in
 t

h
e 

a
p

p
li

ca
ti

on
 o

f 
th

e 
eq

u
il

ib
ri

u
m

 p
ri

n
ci

p
le

 a
n

d 
ki

n
et

ic
s 

in
 t

h
e 

H
a

be
r 

p
ro

ce
ss

.
31

2–
31

5

8
.2

T
h
e 

p
o
si

ti
o
n
 o

f 
eq

u
il

ib
ri

u
m

9.
2.

1
D

ef
in

e 
a

ci
ds

 a
n

d 
ba

se
s 

a
cc

or
di

n
g 

to
 t

h
e 

B
rø

n
st

ed
–L

ow
ry

 t
h

eo
ry

.
19

9

9.
2.

2
Pr

ed
ic

t 
w

h
et

h
er

 a
 c

om
p

ou
n

d 
co

u
ld

 a
ct

 a
s 

a
 B

rø
n

st
ed

–L
ow

ry
 a

ci
d,

 b
a

se
, 

bo
th

 o
r 

n
ei

th
er

.
19

9–
20

1

9.
2.

3
St

a
te

 t
h

e 
co

n
ju

ga
te

 a
ci

d–
ba

se
 p

a
ir

s 
in

 a
 g

iv
en

 a
ci

d-
ba

se
 r

ea
ct

io
n

 e
qu

a
ti

on
.

19
9–

20
1

9.
2.

4
W

ri
te

 t
h

e 
st

ru
ct

u
re

 f
or

 t
h

e 
co

n
ju

ga
te

 a
ci

d 
(o

r 
ba

se
) 

of
 a

n
y 

B
rø

n
st

ed
–L

ow
ry

 b
a

se
 (

or
 a

ci
d)

.
19

9–
20

1

9
.2

B
rø

n
st

ed
–
Lo

w
ry

 a
ci

d
s 

a
n
d

 b
a
se

s

T
o
p

ic
 9

 –
 A

c
id

s
 a

n
d
 b

a
s
e
s

9.
1.

1
St

a
te

 t
h

e 
p

ro
p

er
ti

es
 o

f 
a

ci
ds

 a
n

d 
ba

se
s 

in
 a

qu
eo

u
s 

so
lu

ti
on

.
19

8–
20

1

9.
1.

2
D

es
cr

ib
e 

a
ci

ds
 a

n
d 

ba
se

s 
u

si
n

g 
th

ei
r 

ex
p

er
im

en
ta

l 
p

ro
p

er
ti

es
.

19
8–

20
1

A
ci

ds
 a

n
d 

ba
se

s 
in

 t
h

e 
h

om
e.

16
4

9
.1

P
ro

p
er

ti
es

 o
f 

a
ci

d
s 

a
n
d

 b
a
se

s

9.
3.

1
Ex

p
la

in
 t

h
e 

di
ff

er
en

ce
s 

be
tw

ee
n

 s
tr

on
g 

a
n

d 
w

ea
k 

a
ci

ds
 a

n
d 

ba
se

s 
in

 t
er

m
s 

of
 e

x
te

n
t 

of
 d

is
so

ci
a

ti
on

, 
re

a
ct

io
n

 w
it

h
 

20
0–

20
1

w
a

te
r,

 a
n

d 
co

n
du

ct
a

n
ce

 o
f 

el
ec

tr
ic

it
y.

9.
3.

2
St

a
te

 w
h

et
h

er
 a

 s
p

ec
if

ie
d 

a
ci

d 
or

 b
a

se
 i

s 
st

ro
n

g 
or

 w
ea

k.
20

0–
20

1

9.
3.

3
Su

gg
es

t 
si

m
p

le
 e

x
p

er
im

en
ta

l 
p

ro
ce

du
re

s 
to

 d
is

ti
n

gu
is

h
 b

et
w

ee
n

 s
tr

on
g 

a
n

d 
w

ea
k 

a
ci

ds
 a

n
d 

ba
se

s,
 a

n
d 

to
 d

et
er

m
in

e 
32

5
A

ci
ds

 b
a

se
s 

a
n

d 
in

di
ca

to
rs

.
24

–2
6

th
e 

re
la

ti
ve

 a
ci

di
ti

es
 o

f 
su

bs
ta

n
ce

s.

9
.3

St
ro

n
g
 a

n
d

 w
ea

k
 a

ci
d

s 
a
n
d

 b
a
se

s

9.
4.

1
D

es
cr

ib
e 

n
eu

tr
a

li
ty

, 
a

ci
di

ty
 a

n
d 

ba
si

ci
ty

 o
f 

a
qu

eo
u

s 
so

lu
ti

on
s 

in
 t

er
m

s 
of

 p
H

.
32

6–
32

7

9.
4.

2
St

a
te

 w
h

ic
h

 o
f 

tw
o 

or
 m

or
e 

a
qu

eo
u

s 
so

lu
ti

on
s 

is
 m

or
e 

a
ci

di
c 

or
 b

a
si

c,
 u

si
n

g 
th

ei
r 

p
H

 v
a

lu
es

.
32

7

9.
4.

3
St

a
te

 t
h

a
t 

on
e 

p
H

 u
n

it
 r

ep
re

se
n

ts
 a

 t
en

fo
ld

 c
h

a
n

ge
 i

n
 a

ci
di

ty
 o

r 
ba

si
ci

ty
.

32
7

9
.4

T
h
e 

p
H

 s
ca

le

T
o
p

ic
 1

0
 –

 O
x

id
a
ti

o
n

 a
n

d
 r

e
d
u

c
ti

o
n

10
.1

.1
D

ef
in

e 
‘o

x
id

a
ti

on
’ a

n
d 

‘r
ed

u
ct

io
n

’ i
n

 t
er

m
s 

of
 e

le
ct

ro
n

 l
os

s 
a

n
d 

ga
in

.
20

–2
1

10
.1

.2
D

et
er

m
in

e 
th

e 
ox

id
a

ti
on

 n
u

m
be

r 
of

 a
n

 e
le

m
en

t 
in

 a
 c

om
p

ou
n

d.
29

–3
1

10
.1

.3
D

ed
u

ce
 w

h
et

h
er

 a
n

 e
le

m
en

t 
is

 o
x

id
is

ed
 o

r 
re

du
ce

d 
a

n
d 

id
en

ti
fy

 s
im

p
le

 r
ed

ox
 r

ea
ct

io
n

s 
u

si
n

g 
ox

id
a

ti
on

 n
u

m
be

rs
.

31
Th

e 
ox

id
a

ti
on

 n
u

m
be

rs
 o

f
58

va
n

a
di

u
m

 a
n

d 
m

a
n

ga
n

es
e.

10
.1

.4
D

ef
in

e 
th

e 
te

rm
s 

‘o
x

id
is

in
g 

a
ge

n
t’

 a
n

d 
‘r

ed
u

ci
n

g 
a

ge
n

t’
.

21

10
.1

.5
Ex

p
la

in
 t

h
e 

re
la

ti
on

sh
ip

 b
et

w
ee

n
 o

x
id

a
ti

on
 s

ta
te

s 
a

n
d 

th
e 

n
a

m
es

 o
f 

co
m

p
ou

n
ds

.
30

1
0
.1

O
x
id

a
ti

o
n
 a

n
d

 r
ed

u
ct

io
n

10
.2

.1
Sk

et
ch

 a
 d

ia
gr

a
m

 i
de

n
ti

fy
in

g 
th

e 
es

se
n

ti
a

l 
co

m
p

on
en

ts
 o

f 
a

n
 e

le
ct

ro
ly

ti
c 

ce
ll

.
25

10
.2

.2
 

D
es

cr
ib

e 
h

ow
 c

u
rr

en
t 

is
 c

on
du

ct
ed

 i
n

 a
n

 e
le

ct
ro

ly
ti

c 
ce

ll
.

25

10
.2

.3
D

ed
u

ce
 t

h
e 

p
ro

du
ct

s 
fo

r 
th

e 
el

ec
tr

ol
ys

is
 o

f 
a

 m
ol

te
n

 s
a

lt
.

25

1
0
.2

E
le

ct
ro

ly
si

s 
o
f 

a
 m

o
lt

en
 s

a
lt



8

10
.3

.1
D

ed
u

ce
 a

 r
ea

ct
iv

it
y 

se
ri

es
 b

a
se

d 
u

p
on

 t
h

e 
ch

em
ic

a
l 

be
h

a
vi

ou
r 

of
 a

 g
ro

u
p

 o
f 

ox
id

is
in

g 
a

n
d 

re
du

ci
n

g 
a

ge
n

ts
.

28
, 

23
0

A
 t

es
t 

tu
be

 s
tu

dy
 o

f 
re

do
x

10
–1

3
re

a
ct

io
n

s.

10
.3

.2
Pr

ed
ic

t 
th

e 
fe

a
si

bi
li

ty
 o

f 
a

 r
ed

ox
 r

ea
ct

io
n

 f
ro

m
 a

 r
ea

ct
iv

it
y 

se
ri

es
.

27
7–

27
9

1
0
.3

R
ea

ct
iv

it
y

11
.1

.1
Ex

p
la

in
 t

h
e 

co
n

ce
p

t 
of

 a
 h

om
ol

og
ou

s 
se

ri
es

.
40

2–
40

3

11
.1

.2
Pr

ed
ic

t 
th

e 
tr

en
ds

 i
n

 b
oi

li
n

g 
p

oi
n

ts
 o

f 
m

em
be

rs
 o

f 
a

 h
om

ol
og

ou
s 

se
ri

es
.

40
2–

40
3

1
1
.1

H
o
m

o
lo

g
o
u
s 

se
ri

es

T
o
p

ic
 1

1
 –

 O
rg

a
n

ic
 c

h
e
m

is
tr

y

11
.2

.1
D

ra
w

 s
tr

u
ct

u
ra

l 
fo

rm
u

la
e 

fo
r 

st
ra

ig
h

t-
ch

a
in

 a
lk

a
n

es
 u

p
 t

o 
C

6.
39

0–
39

1

11
.2

.2
N

a
m

e 
st

ra
ig

h
t-

ch
a

in
 a

lk
a

n
es

 u
p

 t
o 

C
6.

40
1

11
.2

.3
D

ra
w

 s
tr

u
ct

u
ra

l 
fo

rm
u

la
e 

fo
r 

th
e 

is
om

er
s 

of
 t

h
e 

C
1

to
 C

5
n

on
-c

yc
li

c 
a

lk
a

n
es

.
39

1–
39

2

11
.2

.4
D

ra
w

 s
tr

u
ct

u
ra

l 
fo

rm
u

la
e 

fo
r 

st
ra

ig
h

t-
ch

a
in

 a
lk

en
es

 (
C

n
H

2n
w

h
er

e 
1<

n
≤5

).
41

8

11
.2

.5
D

es
cr

ib
e 

co
m

p
le

te
 a

n
d 

in
co

m
p

le
te

 c
om

bu
st

io
n

 o
f 

h
yd

ro
ca

rb
on

s.
37

8,
 4

08

11
.2

.6
St

a
te

 t
h

a
t 

th
e 

co
m

bu
st

io
n

 o
f 

h
yd

ro
ca

rb
on

s 
is

 a
n

 e
x

ot
h

er
m

ic
 p

ro
ce

ss
.

37
8

1
1
.2

H
y
d

ro
ca

rb
o
n
s

11
.3

.1
D

ra
w

 a
n

d 
n

a
m

e 
th

e 
se

ve
n

 f
u

n
ct

io
n

a
l 

gr
ou

p
s:

 a
lk

a
n

a
l, 

a
lk

a
n

oi
c 

a
ci

d,
 a

lk
a

n
ol

, 
a

m
id

e,
 a

m
in

e,
 e

st
er

, 
h

a
lo

ge
n

oa
lk

a
n

e.
38

1

11
.3

.2
Ex

p
la

in
 t

h
a

t 
fu

n
ct

io
n

a
l 

gr
ou

p
s 

ca
n

 e
x

is
t 

a
s 

is
om

er
s.

39
1

11
.3

.3
D

is
cu

ss
 t

h
e 

ex
is

te
n

ce
 o

f 
op

ti
ca

l 
is

om
er

s.
39

2

11
.3

.4
D

is
cu

ss
 t

h
e 

vo
la

ti
li

ty
, 

so
lu

bi
li

ty
 i

n
 w

a
te

r 
a

n
d 

a
ci

d–
ba

se
 b

eh
a

vi
ou

r 
of

 t
h

e 
se

ve
n

 f
u

n
ct

io
n

a
l 

gr
ou

p
s.

38
2,

 4
68

–4
69

,
A

lk
a

n
oi

c 
a

ci
ds

.
99

–1
03

50
0,

 5
07

A
lk

a
n

ol
s.

87
–9

0
A

m
in

es
.

10
4–

10
6

11
.3

.5
D

es
cr

ib
e 

th
e 

re
a

ct
io

n
 o

f 
sy

m
m

et
ri

ca
l 

a
lk

en
es

 w
it

h
 h

yd
ro

ge
n

, 
br

om
in

e,
 h

yd
ro

ge
n

 h
a

li
de

s 
a

n
d 

w
a

te
r.

42
2–

42
3

A
lk

en
es

.
71

–7
4

11
.3

.6
D

es
cr

ib
e 

th
e 

p
ol

ym
er

is
a

ti
on

 o
f 

a
lk

en
es

.
42

8
Po

ly
m

er
s.

10
7

11
.3

.7
D

es
cr

ib
e 

th
e 

re
a

ct
io

n
 o

f 
et

h
a

n
ol

 w
it

h
 e

th
a

n
oi

c 
a

ci
d.

50
5

A
lc

oh
ol

s.
88

11
.3

.8
D

es
cr

ib
e 

th
e 

ox
id

a
ti

on
 o

f 
et

h
a

n
ol

 t
o 

et
h

a
n

oi
c 

a
ci

d.
47

5
A

lc
oh

ol
s.

89
–9

0

11
.3

.9
D

es
cr

ib
e 

th
e 

fo
rm

a
ti

on
 o

f 
N

-e
th

yl
 e

th
a

n
a

m
id

e 
fr

om
 e

th
a

n
oi

c 
a

ci
d.

51
1

11
.3

.1
0

D
es

cr
ib

e 
th

e 
co

n
de

n
sa

ti
on

 p
ol

ym
er

s 
fo

rm
ed

 b
y 

a
lk

a
n

oi
c 

a
ci

ds
 a

n
d 

a
m

in
es

.
52

4–
52

6
Po

ly
m

er
s.

10
8

11
.3

.1
1

D
es

cr
ib

e 
th

e 
re

a
ct

io
n

 o
f 

a
m

m
on

ia
 w

it
h

 b
ro

m
oe

th
a

n
e.

46
1

11
.3

.1
2

D
es

cr
ib

e 
th

e 
fo

rm
a

ti
on

 o
f 

p
ep

ti
de

s 
a

n
d 

p
ro

te
in

s 
fr

om
 2

-a
m

in
o 

a
ci

ds
.

52
4

1
1
.3

O
th

er
 f

u
n
ct

io
n
a
l 

g
ro

u
p
s

12
.1

.1
D

es
cr

ib
e 

th
e 

p
ri

n
ci

p
le

s 
of

 a
 m

a
ss

 s
p

ec
tr

om
et

er
 a

n
d 

th
e 

m
a

in
 s

ta
ge

s 
in

 i
ts

 o
p

er
a

ti
on

.
2–

4

12
.1

.2
D

es
cr

ib
e 

h
ow

 t
h

e 
m

a
ss

 s
p

ec
tr

om
et

er
 m

a
y 

be
 u

se
d 

to
 d

et
er

m
in

e 
re

la
ti

ve
 i

so
to

p
ic

, 
a

to
m

ic
 a

n
d 

m
ol

ec
u

la
r 

m
a

ss
es

, 
4

u
si

n
g 

th
e 

12
C

 s
ca

le
.

1
2
.1

T
h
e 

m
a
ss

 s
p
ec

tr
o
m

et
er

T
o
p

ic
 1

2
 –

 A
to

m
ic

 t
h

e
o
ry

12
.2

.1
Ex

p
la

in
 h

ow
 t

h
e 

ev
id

en
ce

 f
ro

m
 f

ir
st

 a
n

d 
su

cc
es

si
ve

 i
on

is
a

ti
on

 e
n

er
gi

es
 a

cc
ou

n
ts

 f
or

 t
h

e
70

–7
4

En
er

gy
 l

ev
el

s 
of

 t
h

e 
el

ec
tr

on
s

13
9

ex
is

te
n

ce
 o

f 
m

a
in

 e
n

er
gy

 a
t 

le
ve

ls
 a

n
d 

su
b-

le
ve

ls
.

in
 t

h
e 

a
to

m
s.

12
.2

.2
St

a
te

 t
h

e 
n

u
m

be
ri

n
g 

of
 o

rb
it

a
ls

.
73

12
.2

.3
St

a
te

 t
h

e 
re

la
ti

ve
 e

n
er

gi
es

 o
f 

s,
 p

, 
d 

a
n

d 
f 

or
bi

ta
ls

.
71

12
.2

.4
St

a
te

 t
h

e 
n

u
m

be
r 

of
 o

rb
it

a
ls

 a
t 

ea
ch

 e
n

er
gy

 l
ev

el
.

71

12
.2

.5
Sk

et
ch

 t
h

e 
sh

a
p

es
 o

f 
s 

a
n

d 
p

 o
rb

it
a

ls
.

72

1
2
.2

E
le

ct
ro

n
ic

 s
tr

u
ct

u
re

 o
f 

a
to

m
s



9

13
.1

.1
Ex

p
la

in
 t

h
e 

p
h

ys
ic

a
l 

a
n

d 
ch

em
ic

a
l 

tr
en

ds
 i

n
 t

h
e 

ch
lo

ri
de

s 
a

n
d 

ox
id

es
 o

f 
th

e 
el

em
en

ts
 N

a
 t

o 
A

r,
 i

n
te

rp
re

te
d 

in
 

48
–4

9
Pe

ri
od

ic
it

y 
of

 o
x

id
es

 a
n

d
47

te
rm

s 
of

 t
h

e 
bo

n
di

n
g 

a
n

d 
st

ru
ct

u
re

.
17

9–
18

4
ch

lo
ri

de
s.

46

1
3
.1

P
er

io
d

ic
 t

re
n
d

s 
N

a
 →

A
r 

(t
h
e 

th
ir

d
 p

er
io

d
)

T
o
p

ic
 1

3
 –

 P
e
ri

o
d
ic

it
y

13
.2

.1
St

a
te

 w
h

ic
h

 e
le

m
en

ts
 a

re
 c

on
si

de
re

d 
ty

p
ic

a
l 

of
 t

h
e 

d-
bl

oc
k.

24
9–

25
1

13
.2

.2
Ex

p
la

in
 t

h
e 

p
re

se
n

ce
 o

f 
va

ri
a

bl
e 

ox
id

a
ti

on
 s

ta
te

s 
in

 d
-b

lo
ck

 e
le

m
en

ts
.

25
4–

25
7

Th
e 

ox
id

a
ti

on
 n

u
m

be
rs

 o
f

58
–6

0
va

n
a

di
u

m
 a

n
d 

m
a

n
ga

n
es

e.

13
.2

.3
D

ef
in

e 
th

e 
te

rm
 ‘l

ig
a

n
d’

.
25

7

13
.2

.4
Ex

p
la

in
 t

h
e 

fo
rm

a
ti

on
 o

f 
co

m
p

le
x

 i
on

s.
20

1,
 2

57
C

om
p

le
x

 f
or

m
a

ti
on

 o
f 

C
u

.
29

–3
2,

 6
1–

62

13
.2

.5
Ex

p
la

in
 t

h
e 

p
re

se
n

ce
 o

f 
co

lo
u

re
d 

d-
bl

oc
k 

el
em

en
t 

io
n

s.
25

9–
26

0

13
.2

.6
D

es
cr

ib
e 

th
e 

ca
ta

ly
ti

c 
be

h
a

vi
ou

r 
of

 d
-b

lo
ck

 e
le

m
en

ts
 a

n
d 

th
ei

r 
co

m
p

ou
n

ds
.

26
1–

26
3

1
3
.2

d
-b

lo
ck

 e
le

m
en

ts
 (

fi
rs

t 
ro

w
)

14
.1

.1
Pr

ed
ic

t 
th

e 
m

ol
ec

u
la

r/
io

n
ic

 s
h

a
p

e 
a

n
d 

bo
n

d 
a

n
gl

es
 u

si
n

g 
th

e 
Va

le
n

ce
 S

h
el

l 
El

ec
tr

on
 P

a
ir

 R
ep

u
ls

io
n

 (
V

SE
PR

) 
th

eo
ry

 
90

–9
1

fo
r 

2 
a

n
d 

3 
n

eg
a

ti
ve

 c
h

a
rg

e 
ce

n
tr

es
.

14
.1

.2
Pr

ed
ic

t 
th

e 
m

ol
ec

u
la

r/
io

n
ic

 s
h

a
p

e 
a

n
d 

bo
n

d 
a

n
gl

es
 u

si
n

g 
th

e 
PR

 t
h

eo
ry

 f
or

 5
 a

n
d 

6 
n

eg
a

ti
ve

 c
h

a
rg

e 
ce

n
tr

es
.

91
–9

2

1
4
.1

Sh
a
p
es

 o
f 

m
o
le

cu
le

s 
a
n
d

 i
o
n
s

T
o
p

ic
 1

4
 –

 B
o
n

d
in

g

14
.2

.1
D

es
cr

ib
e 

σ
a

n
d 

π
bo

n
ds

.
41

9

14
.2

.2
D

es
cr

ib
e 

th
e 

re
la

ti
on

sh
ip

 b
et

w
ee

n
 t

h
e 

n
u

m
be

r 
of

 b
on

ds
 a

n
d 

bo
n

d 
le

n
gt

h
/s

tr
en

gt
h

.
41

9

1
4
.2

M
u
lt

ip
le

 b
o
n
d

s

14
.3

.1
Ex

p
la

in
 t

h
e 

m
ea

n
in

g 
of

 t
h

e 
te

rm
 h

yb
ri

di
sa

ti
on

.

14
.3

.2
Pr

ed
ic

t 
th

e 
ty

p
es

 o
f 

h
yb

ri
di

sa
ti

on
 (

i.e
. 

sp
, 

sp
2 ,

 a
n

d 
sp

3 )
 f

ro
m

 L
ew

is
 s

tr
u

ct
u

re
s 

a
n

d 
m

ol
ec

u
la

r 
sh

a
p

es
.

1
4
.3

H
y
b
ri

d
is

a
ti

o
n

14
.4

.1
Ex

p
la

in
 h

ow
 t

h
e 

de
lo

ca
li

sa
ti

on
 o

f 
π

el
ec

tr
on

s 
ca

n
 a

cc
ou

n
t 

fo
r 

th
e 

st
ru

ct
u

re
s 

of
 s

om
e 

su
bs

ta
n

ce
s.

92
–9

4

1
4
.4

D
el

o
ca

li
sa

ti
o
n
 o

f 
el

ec
tr

o
n
s

T
o
p

ic
 1

5
 –

 S
ta

te
s
 o

f 
m

a
tt

e
r

15
.1

.1
St

a
te

 t
h

e 
id

ea
l 

ga
s 

eq
u

a
ti

on
, 

PV
 =

 n
RT

.
13

9

15
.1

.2
U

se
 t

h
e 

id
ea

l 
ga

s 
eq

u
a

ti
on

 i
n

 c
a

lc
u

la
ti

on
s.

14
3–

14
4

15
.1

.3
Ex

p
la

in
 D

a
lt

on
’s

 l
a

w
 o

f 
p

a
rt

ia
l 

p
re

ss
u

re
.

14
0

15
.1

.4
U

se
 D

a
lt

on
’s

 l
a

w
 o

f 
p

a
rt

ia
l 

p
re

ss
u

re
 i

n
 c

a
lc

u
la

ti
on

s.
14

5

1
5
.1

G
a
se

s

T
o
p

ic
 1

6
 –

 E
n

e
rg

e
ti

c
s

16
.1

.1
Ex

p
la

in
 a

n
d 

u
se

 t
h

e 
te

rm
s 

‘s
ta

n
da

rd
 s

ta
te

’ a
n

d 
‘s

ta
n

da
rd

 e
n

th
a

lp
y 

ch
a

n
ge

 o
f 

fo
rm

a
ti

on
’.

14
8

16
.1

.2
C

a
lc

u
la

te
 t

h
e 

en
th

a
lp

y 
ch

a
n

ge
 o

f 
a

 r
ea

ct
io

n
 u

si
n

g 
st

a
n

da
rd

 e
n

th
a

lp
y 

ch
a

n
ge

s 
of

 f
or

m
a

ti
on

.
14

8–
14

9

1
6
.1

St
a
n
d

a
rd

 e
n
th

a
lp

y
 c

h
a
n
g
es

 o
f 

re
a
ct

io
n

12
.2

.6
D

es
cr

ib
e 

h
ow

 t
h

e 
A

u
fb

a
u

 p
ri

n
ci

p
le

 i
s 

de
ri

ve
d.

71
–7

2

12
.2

.7
A

p
p

ly
 t

h
e 

A
u

fb
a

u
 n

ot
a

ti
on

 f
or

 e
le

ct
ro

n
ic

 c
on

fi
gu

ra
ti

on
s.

71
–7

2

12
.2

.8
R

el
a

te
 t

h
e 

el
ec

tr
on

ic
 c

on
fi

gu
ra

ti
on

 o
f 

a
n

 a
to

m
 t

o 
it

s 
p

os
it

io
n

 i
n

 t
h

e 
Pe

ri
od

ic
 T

a
bl

e.
73



10

T
o
p

ic
 1

8
 –

 E
q

u
il

ib
ri

u
m

18
.1

.1
D

es
cr

ib
e 

a
n

d 
ex

p
la

in
 t

h
e 

eq
u

il
ib

ri
u

m
 e

st
a

bl
is

h
ed

 b
et

w
ee

n
 a

 l
iq

u
id

 a
n

d 
it

s 
ow

n
 v

a
p

ou
r.

29
0

18
.1

.2
D

es
cr

ib
e 

a
n

d 
ex

p
la

in
 t

h
e 

qu
a

li
ta

ti
ve

 r
el

a
ti

on
sh

ip
 b

et
w

ee
n

 v
a

p
ou

r 
p

re
ss

u
re

 a
n

d 
te

m
p

er
a

tu
re

.

18
.1

.3
Ex

p
la

in
 t

h
e 

re
la

ti
on

sh
ip

 b
et

w
ee

n
 e

n
th

a
lp

y 
of

 v
a

p
or

is
a

ti
on

, 
bo

il
in

g 
p

oi
n

t 
a

n
d 

in
te

rm
ol

ec
u

la
r 

fo
rc

es
.

13
1

1
8
.1

P
h
a
se

 e
q
u
il

ib
ri

u
m

16
.2

.1
Ex

p
la

in
 a

n
d 

u
se

 t
h

e 
te

rm
 ‘l

a
tt

ic
e 

en
th

a
lp

y’
.

16
0

16
.2

.2
C

a
lc

u
la

te
 e

n
th

a
lp

y 
ch

a
n

ge
s 

u
si

n
g 

B
or

n
–H

a
be

r 
cy

cl
es

.
16

1

16
.2

.3
Pr

ed
ic

t 
th

e 
ef

fe
ct

 o
f 

th
e 

re
la

ti
ve

 s
iz

es
 a

n
d 

ch
a

rg
es

 o
f 

io
n

s 
on

 t
h

e 
re

la
ti

ve
 l

a
tt

ic
e 

en
th

a
lp

ie
s 

of
 d

if
fe

re
n

t 
io

n
ic

 c
om

p
ou

n
ds

.
16

1,
 1

62

1
6
.2

La
tt

ic
e 

en
th

a
lp

y

16
.3

.1
St

a
te

 a
n

d 
re

co
gn

is
e 

fa
ct

or
s 

w
h

ic
h

 i
n

cr
ea

se
 d

is
or

de
r 

in
 a

 s
ys

te
m

.
34

4

16
.3

.2
Pr

ed
ic

t 
w

h
et

h
er

 t
h

e 
en

tr
op

y 
ch

a
n

ge
 f

or
 a

 g
iv

en
 r

ea
ct

io
n

 o
r 

p
ro

ce
ss

 w
ou

ld
 b

e 
p

os
it

iv
e 

or
 n

eg
a

ti
ve

.
34

4

16
.3

.3
C

a
lc

u
la

te
 t

h
e 

st
a

n
da

rd
 e

n
tr

op
y 

ch
a

n
ge

 f
or

 a
 r

ea
ct

io
n

 u
si

n
g 

va
lu

es
 o

f 
a

bs
ol

u
te

 e
n

tr
op

ie
s.

35
1

1
6
.3

E
n
tr

o
p
y

16
.4

.1
Ex

p
la

in
 t

h
a

t 
th

e 
te

n
de

n
cy

 o
f 

a
 r

ea
ct

io
n

 t
o 

oc
cu

r 
de

p
en

ds
 u

p
on

 t
h

e 
to

ta
l 

en
tr

op
y 

ch
a

n
ge

 o
f 

th
e 

u
n

iv
er

se
.

34
4–

34
6

16
.4

.2
Pr

ed
ic

t 
w

h
et

h
er

 a
 r

ea
ct

io
n

 o
r 

p
ro

ce
ss

 w
il

l 
be

 s
p

on
ta

n
eo

u
s 

by
 u

si
n

g 
th

e 
si

gn
 o

f 
∆G

o .
34

7

16
.4

.3
St

a
te

 t
h

a
t 

∆G
o

= 
∆H

o
- 

T∆
So

or
 b

y 
u

si
n

g 
va

lu
es

 o
f 

th
e 

st
a

n
da

rd
 G

ib
bs

 f
re

e 
en

er
gy

 c
h

a
n

ge
 o

f 
fo

rm
a

ti
on

.
34

7

16
.4

.4
C

a
lc

u
la

te
 ∆

G
o

fo
r 

a
 r

ea
ct

io
n

 u
si

n
g 

th
e 

eq
u

a
ti

on
 ∆

G
o

= 
∆H

o
- 

T∆
So

or
 b

y 
u

si
n

g 
va

lu
es

 o
f 

th
e 

st
a

n
da

rd
 G

ib
bs

 f
re

e 
en

er
gy

 
35

0–
35

1
ch

a
n

ge
 o

f 
fo

rm
a

ti
on

.

16
.4

.5
Pr

ed
ic

t 
th

e 
ef

fe
ct

 o
f a

 c
h

an
ge

 in
 t

em
pe

ra
tu

re
 o

n
 t

h
e 

sp
on

ta
n

ei
ty

 o
f a

 r
ea

ct
io

n
, g

iv
en

 s
ta

n
da

rd
 e

n
tr

op
y 

an
d 

en
th

al
py

 c
h

an
ge

s.
34

8

1
6
.4

Sp
o
n
ta

n
ei

ty
 o

f 
a
 r

ea
ct

io
n

T
o
p

ic
 1

7
 –

 K
in

e
ti

c
s

17
.1

.1
Pr

ed
ic

t 
th

e 
ra

te
 e

x
p

re
ss

io
n

 f
or

 a
 r

ea
ct

io
n

 g
iv

en
 d

a
ta

 s
h

ow
in

g 
h

ow
 r

ea
ct

io
n

 r
a

te
s 

va
ry

 w
it

h
 c

on
ce

n
tr

a
ti

on
 o

f 
re

a
ct

a
n

ts
.

35
3

17
.1

.2
D

ef
in

e 
th

e 
te

rm
s 

‘o
rd

er
 o

f 
a

 r
ea

ct
io

n
’ a

n
d 

‘r
a

te
 c

on
st

a
n

t’
.

36
0–

36
3

17
.1

.3
D

es
cr

ib
e 

th
e 

qu
a

li
ta

ti
ve

 e
ff

ec
t 

of
 t

em
p

er
a

tu
re

 c
h

a
n

ge
s 

on
 t

h
e 

ra
te

 c
on

st
a

n
t.

36
5

17
.1

.4
In

te
rp

re
t 

gr
a

p
h

ic
a

l 
re

p
re

se
n

ta
ti

on
s 

fo
r 

ze
ro

, 
fi

rs
t 

a
n

d 
se

co
n

d 
or

de
r 

re
a

ct
io

n
s.

36
0–

36
1

17
.1

.5
D

et
er

m
in

e 
th

e 
or

de
r 

of
 a

 r
ea

ct
io

n
 f

ro
m

 g
iv

en
 d

a
ta

.
36

0–
36

2
O

rd
er

 o
f 

re
a

ct
io

n
.

36
, 

39

17
.1

.6
C

a
lc

u
la

te
 h

a
lf

-l
if

e 
fo

r 
fi

rs
t 

or
de

r 
re

a
ct

io
n

s 
on

ly
.

36
3–

36
5

1
7
.1

R
a
te

 e
x
p
re

ss
io

n

17
.2

.1
D

ef
in

e 
th

e 
te

rm
s 

‘r
a

te
 d

et
er

m
in

in
g 

st
ep

’, 
‘m

ol
ec

u
la

ri
ty

’ a
n

d 
‘a

ct
iv

a
te

d 
co

m
p

le
x

’.
37

4–
37

5

17
.2

.2
D

es
cr

ib
e 

th
e 

re
la

ti
on

sh
ip

 b
et

w
ee

n
 m

ec
h

a
n

is
m

, 
or

de
r,

 r
a

te
 d

et
er

m
in

in
g 

st
ep

 a
n

d 
a

ct
iv

a
te

d 
co

m
p

le
x

.

1
7
.2

R
ea

ct
io

n
 m

ec
h
a
n
is

m

17
.3

.1
D

es
cr

ib
e 

th
e 

M
a

x
w

el
l–

B
ol

tz
m

a
n

 e
n

er
gy

 d
is

tr
ib

u
ti

on
 c

u
rv

e.
36

7–
37

1

17
.3

.2
D

ra
w

 a
n

d 
in

te
rp

re
t 

qu
a

li
ta

ti
ve

ly
 M

a
x

w
el

l–
B

ol
tz

m
a

n
 e

n
er

gy
 d

is
tr

ib
u

ti
on

 c
u

rv
es

 f
or

 d
if

fe
re

n
t 

te
m

p
er

a
tu

re
s.

36
9

1
7
.3

C
o
ll

is
io

n
 t

h
eo

ry

17
.4

.1
D

es
cr

ib
e 

qu
a

li
ta

ti
ve

ly
 t

h
e 

re
la

ti
on

sh
ip

 b
et

w
ee

n
 t

h
e 

a
ct

iv
a

ti
on

 e
n

er
gy

 a
n

d 
ra

te
 c

on
st

a
n

t 
in

36
8

D
et

er
m

in
a

ti
on

 o
f 

th
e

42
th

e 
A

rr
h

en
iu

s 
eq

u
a

ti
on

.
a

ct
iv

a
ti

on
 e

n
er

gy
.

17
.4

.2
Sk

et
ch

 e
n

th
a

lp
y 

le
ve

l 
di

a
gr

a
m

s 
fo

r 
re

a
ct

io
n

s 
w

it
h

 a
n

d 
w

it
h

ou
t 

ca
ta

ly
st

s.
37

1

17
.4

.3
Ex

p
la

in
 t

h
a

t 
re

a
ct

io
n

s 
oc

cu
r 

w
h

en
 t

h
e 

re
a

ct
in

g 
sp

ec
ie

s 
h

a
ve

 e
n

er
gy

 g
re

a
te

r 
th

a
n

 t
h

e 
a

ct
iv

a
ti

on
 e

n
er

gy
.

36
7–

36
8

17
.4

.4
D

ef
in

e 
h

om
og

en
eo

u
s 

a
n

d 
h

et
er

og
en

eo
u

s 
ca

ta
ly

si
s.

37
1

17
.4

.5
D

es
cr

ib
e 

th
e 

u
se

 o
f 

h
om

og
en

eo
u

s 
a

n
d 

h
et

er
og

en
eo

u
s 

ca
ta

ly
st

s.
37

1
A

lc
oh

ol
s.

88

1
7
.4

A
ct

iv
a
ti

o
n
 e

n
er

g
y



11

18
.1

.4
D

es
cr

ib
e 

qu
a

li
ta

ti
ve

ly
 t

h
e 

li
qu

id
/v

a
p

ou
r 

eq
u

il
ib

ri
u

m
 o

f 
a

 t
w

o 
co

m
p

on
en

t 
sy

st
em

.

18
.1

.5
D

es
cr

ib
e 

a
n

d 
ex

p
la

in
 f

ra
ct

io
n

a
l 

di
st

il
la

ti
on

 i
n

 q
u

a
li

ta
ti

ve
 t

er
m

s.
39

7–
39

9

18
.2

.1
U

se
 t

h
e 

ex
p

re
ss

io
n

 f
or

 K
c

fo
r 

a
 h

om
og

en
eo

u
s 

eq
u

il
ib

ri
u

m
 i

n
 c

a
lc

u
la

ti
on

s.
29

6–
29

9
D

et
er

m
in

a
ti

on
 o

f 
K

c 
fo

r 
a

n
34

es
te

ri
fi

ca
ti

on
 r

ea
ct

io
n

.

1
8
.2

T
h
e 

eq
u
il

ib
ri

u
m

 l
a
w

T
o
p

ic
 1

9
 –

 A
c
id

s
 a

n
d
 b

a
s
e
s

19
.1

.1
D

ef
in

e 
a

n
d 

u
se

 t
h

e 
te

rm
s 

‘L
ew

is
 a

ci
d’

 a
n

d 
‘L

ew
is

 b
a

se
’.

1
9
.1

Le
w

is
 t

h
eo

ry

19
.2

.1
St

a
te

 t
h

e 
ex

p
re

ss
io

n
 f

or
 t

h
e 

io
n

ic
 p

ro
du

ct
 c

on
st

a
n

t 
of

 w
a

te
r.

32
6

19
.2

.2
D

ef
in

e 
p

H
, 

p
O

H
 a

n
d 

p
K w

.

19
.2

.3
C

a
lc

u
la

te
 p

H
, 

p
O

H
, 

[H
+ (

a
q)

] 
a

n
d 

[O
H

- (
a

q)
] 

fr
om

 s
p

ec
if

ie
d 

co
n

ce
n

tr
a

ti
on

s.
32

6–
32

7

19
.2

.4
St

a
te

 t
h

e 
eq

u
a

ti
on

 f
or

 t
h

e 
re

a
ct

io
n

 o
f 

a
n

y 
a

ci
d 

or
 b

a
se

 w
it

h
 w

a
te

r 
a

n
d 

h
en

ce
 d

er
iv

e 
th

e 
io

n
is

a
ti

on
 c

on
st

a
n

t 
ex

p
re

ss
io

n
32

9–
33

0
fo

r 
a

n
y 

w
ea

k 
a

ci
d 

or
 b

a
se

 i
n

 w
a

te
r.

19
.2

.5
D

ef
in

e 
K a

, 
K b

, 
p

K a
a

n
d 

p
K b

.
32

9–
33

0

19
.2

.6
D

es
cr

ib
e 

a
n

d 
ex

p
la

in
 t

h
e 

re
la

ti
on

sh
ip

 b
et

w
ee

n
 K

a
a

n
d 

p
K a

; 
a

n
d 

be
tw

ee
n

 K
b

a
n

d 
p

K b
.

19
.2

.7
D

is
cu

ss
 t

h
e 

re
la

ti
ve

 s
tr

en
gt

h
s 

of
 a

ci
ds

 o
r 

th
ei

r 
co

n
ju

ga
te

 b
a

se
s 

fr
om

 K
a

or
 p

K a
va

lu
es

.
32

9
A

ci
ds

, 
ba

se
s 

a
n

d 
in

di
ca

to
rs

.
24

–2
6

19
.2

.8
U

se
 K

a
or

 p
K a

in
 c

a
lc

u
la

ti
on

s.
34

9–
33

0

1
9
.2

C
a
lc

u
la

ti
o
n
s 

in
v
o
lv

in
g
 a

ci
d

s 
a
n
d

 b
a
se

s

19
.3

.1
D

es
cr

ib
e 

a
 b

u
ff

er
 s

ol
u

ti
on

 i
n

 t
er

m
s 

of
 i

ts
 c

om
p

os
it

io
n

 a
n

d 
be

h
a

vi
ou

r.
33

5–
33

6

19
.3

.2
C

a
lc

u
la

te
 t

h
e 

p
H

 o
f 

a
 s

p
ec

if
ie

d 
bu

ff
er

 s
ys

te
m

.
33

6

1
9
.3

B
u
ff

er
 s

o
lu

ti
o
n
s

19
.4

.1
St

a
te

 t
h

e 
eq

u
a

ti
on

 f
or

 t
h

e 
re

a
ct

io
n

 o
f 

a
n

y 
a

n
io

n
 o

r 
ca

ti
on

 w
it

h
 w

a
te

r.

19
.4

.2
Pr

ed
ic

t 
w

h
et

h
er

 t
h

e 
so

lu
ti

on
 o

f 
a

n
y 

sp
ec

if
ie

d 
sa

lt
 w

ou
ld

 b
e 

a
ci

di
c,

 b
a

si
c 

or
 n

eu
tr

a
l.

1
9
.4

Sa
lt

 s
o
lu

ti
o
n
s

19
.5

.1
Sk

et
ch

 a
n

d 
ex

p
la

in
 t

h
e 

ge
n

er
a

l 
sh

a
p

es
 o

f 
gr

a
p

h
s 

sh
ow

in
g 

p
H

 a
ga

in
st

 v
ol

u
m

e 
of

 t
it

ra
n

t 
fo

r 
ti

tr
a

ti
on

s 
in

vo
lv

in
g

33
3–

33
4

m
on

op
ro

ti
c 

a
ci

ds
 a

n
d 

ba
se

s.

1
9
.5

A
ci

d
–
b
a
se

 t
it

ra
ti

o
n
s

19
.6

.1
Ex

p
la

in
 q

u
a

li
ta

ti
ve

ly
 h

ow
 a

n
 a

ci
d–

ba
se

 i
n

di
ca

to
r 

w
or

ks
.

33
1

19
.6

.2
Ex

p
la

in
 h

ow
 t

h
e 

p
H

 r
a

n
ge

 o
f 

a
n

 a
ci

d–
ba

se
 i

n
di

ca
to

r 
re

la
te

s 
to

 i
ts

 v
a

lu
e 

of
 p

K
a

.
33

2
A

ci
ds

, 
ba

se
s 

a
n

d 
in

di
ca

to
rs

.
24

–2
6

19
.6

.3
Ex

p
la

in
 t

h
e 

ch
oi

ce
 o

f 
a

n
 a

p
p

ro
p

ri
a

te
 i

n
di

ca
to

r 
fo

r 
a

 t
it

ra
ti

on
, 

gi
ve

n
 t

h
e 

eq
u

iv
a

le
n

ce
 p

oi
n

t
33

2–
33

4
of

 t
h

e 
ti

tr
a

ti
on

 a
n

d
K a

(o
r 

p
K a

) 
va

lu
es

 f
or

 p
os

si
bl

e 
in

di
ca

to
rs

.

1
9
.6

In
d

ic
a
to

rs

20
.1

.1
B

a
la

n
ce

 r
ed

ox
 e

qu
a

ti
on

s.
23

–2
4

2
0
.1

R
ed

o
x
 e

q
u
a
ti

o
n
s

T
o
p

ic
 2

0
 –

 O
x

id
a
ti

o
n

 a
n

d
 r

e
d
u

c
ti

o
n

20
.2

.1
D

ef
in

e 
th

e 
te

rm
 ‘s

ta
n

da
rd

 e
le

ct
ro

de
 p

ot
en

ti
a

l’.
19

9

20
.2

.2
D

es
cr

ib
e 

th
e 

st
a

n
da

rd
 h

yd
ro

ge
n

 e
le

ct
ro

de
.

19
8

2
0
.2

St
a
n
d

a
rd

 e
le

ct
ro

d
e 

p
o
te

n
ti

a
ls



12

20
.3

.1
Pr

ed
ic

t 
p

ro
du

ct
s 

of
 t

h
e 

el
ec

tr
ol

ys
is

 o
f 

a
qu

eo
u

s 
so

lu
ti

on
s.

26
El

ec
tr

ol
ys

is
 o

f 
sa

lt
s.

12
0

20
.3

.2
D

ef
in

e 
th

e 
te

rm
 ‘F

a
ra

da
y 

co
n

st
a

n
t’

.
27

20
.3

.3
U

se
 F

a
ra

da
y’

s 
la

w
s 

in
 c

a
lc

u
la

ti
on

s.
24

–2
7

2
0
.3

E
le

ct
ro

ly
si

s

T
o
p

ic
 2

1
 –

 O
rg

a
n

ic
 c

h
e
m

is
tr

y

21
.1

.1
Ex

p
la

in
 h

ow
 t

h
e 

st
ru

ct
u

re
 o

f 
a

 c
om

p
ou

n
d 

ca
n

 b
e 

de
te

rm
in

ed
 b

y 
u

si
n

g 
in

fo
rm

a
ti

on
 f

ro
m

 a
38

1–
38

2
va

ri
et

y 
of

 s
p

ec
tr

os
co

p
ic

 a
n

d 
ch

em
ic

a
l 

te
ch

n
iq

u
es

.

21
.1

.2
D

es
cr

ib
e 

a
n

d 
ex

p
la

in
 h

ow
 i

n
fo

rm
a

ti
on

 f
ro

m
 a

n
 i

n
fr

a
re

d 
sp

ec
tr

u
m

 c
a

n
 b

e 
u

se
d 

to
 i

de
n

ti
fy

 f
u

n
ct

io
n

a
l 

gr
ou

p
s 

in
 a

 c
om

p
ou

n
d.

38
5–

38
6

21
.1

.3
D

es
cr

ib
e 

a
n

d 
ex

p
la

in
 h

ow
 i

n
fo

rm
a

ti
on

 f
ro

m
 a

 m
a

ss
 s

p
ec

tr
u

m
 c

a
n

 b
e 

u
se

d 
to

 d
et

er
m

in
e 

th
e 

st
ru

ct
u

re
 o

f 
a

 c
om

p
ou

n
d.

21
.1

.4
D

es
cr

ib
e 

a
n

d 
ex

p
la

in
 h

ow
 i

n
fo

rm
a

ti
on

 f
ro

m
 a

1 H
 N

M
R

 s
p

ec
tr

u
m

 c
a

n
 b

e 
u

se
d 

to
 d

et
er

m
in

e 
th

e 
st

ru
ct

u
re

 o
f 

a
 c

om
p

ou
n

d.
38

7–
39

0

2
1
.1

D
et

er
m

in
a
ti

o
n
 o

f 
st

ru
ct

u
re

21
.2

.1
Ex

p
la

in
 p

oo
r 

re
a

ct
iv

it
y 

of
 a

lk
a

n
es

 i
n

 t
er

m
s 

of
 i

n
er

tn
es

s 
of

 C
-H

 a
n

d 
C

-C
 b

on
ds

.
40

7

21
.2

.2
Ex

p
la

in
 t

h
a

t 
a

lk
a

n
es

 c
a

n
 r

ea
ct

 w
it

h
 h

a
lo

ge
n

s 
a

n
d 

ex
p

la
in

 t
h

e 
di

ff
er

en
ce

 b
et

w
ee

n
40

7–
40

8,
 

h
om

ol
yt

ic
 a

n
d 

h
et

er
ol

yt
ic

 f
is

si
on

.
40

4–
40

5

21
.2

.3
Ex

p
la

in
 t

h
e 

st
ru

ct
u

re
 o

f 
be

n
ze

n
e,

 u
si

n
g 

ch
em

ic
a

l 
a

n
d 

p
h

ys
ic

a
l 

ev
id

en
ce

.
43

6–
43

8

21
.2

.4
D

es
cr

ib
e 

h
ow

 t
h

e 
co

m
p

on
en

ts
 o

f 
a

 h
yd

ro
ca

rb
on

 f
u

el
 r

el
a

te
 t

o 
it

s 
‘o

ct
a

n
e 

ra
ti

n
g’

.
40

9

2
1
.2

H
y
d

ro
ca

rb
o
n
s

21
.3

.1
D

es
cr

ib
e 

a
n

d 
ex

p
la

in
 t

h
e 

S N
1 

a
n

d 
S N

2 
m

ec
h

a
n

is
m

s 
in

 n
u

cl
eo

p
h

il
ic

 s
u

bs
ti

tu
ti

on
.

40
5,

 4
56

–4
59

N
u

cl
eo

p
h

il
ic

 s
u

bs
ti

tu
ti

on
82

–8
6

re
a

ct
io

n
s.

H
yd

ro
ly

si
s 

of
 b

ro
m

ob
u

ta
n

e.
12

1

21
.3

.2
D

es
cr

ib
e 

a
n

d 
ex

p
la

in
 m

ol
ec

u
la

ri
ty

 f
or

 t
h

e 
th

e 
S N

1 
a

n
d 

S N
2 

m
ec

h
a

n
is

m
s.

21
.3

.3
D

es
cr

ib
e 

h
ow

 t
h

e 
re

la
ti

ve
 r

a
te

 o
f 

n
u

cl
eo

p
h

il
ic

 s
u

bs
ti

tu
ti

on
 i

s 
a

ff
ec

te
d 

by
 t

h
e 

h
a

lo
ge

n
a

lk
a

n
e.

45
6–

45
9

N
u

cl
eo

p
h

il
ic

 s
u

bs
ti

tu
ti

on
82

–8
6

re
a

ct
io

n
s.

2
1
.3

H
a
lo

g
en

o
a
lk

a
n
es

21
.4

.1
D

es
cr

ib
e 

th
e 

de
h

yd
ra

ti
on

 r
ea

ct
io

n
s 

to
 f

or
m

 a
lk

en
es

 a
n

d 
a

lk
ox

ya
lk

a
n

es
 

47
3–

47
4

A
lk

en
es

.
71

21
.4

.2
Pr

ed
ic

t 
th

e 
p

ro
du

ct
s 

of
 t

h
e 

ox
id

a
ti

on
 o

f 
p

ri
m

a
ry

, 
se

co
n

da
ry

 a
n

d 
te

rt
ia

ry
 a

lk
a

n
ol

s 
u

si
n

g 
a

ci
di

fi
ed

 d
ic

h
ro

m
a

te
(V

I)
 s

ol
u

ti
on

.
47

5
A

lc
oh

ol
s.

89
–9

0

2
1
.4

A
lk

a
n
o
ls

21
.5

.1
Ex

p
la

in
 h

ow
 t

h
e 

re
a

ct
iv

it
y 

of
 t

h
e 

ca
rb

on
yl

 g
ro

u
p

 r
el

a
te

s 
to

 i
ts

 s
tr

u
ct

u
re

.
48

2
C

a
rb

on
yl

 c
om

p
ou

n
ds

.
94

–9
5

21
.5

.2
St

a
te

 t
h

e 
p

ro
du

ct
 o

f 
ox

id
a

ti
on

 o
f 

a
lk

a
n

a
ls

 w
it

h
 a

ci
di

fi
ed

 d
ic

h
ro

m
a

te
(V

I)
 s

ol
u

ti
on

.
47

5
C

a
rb

on
yl

 c
om

p
ou

n
ds

.
96

21
.5

.3
St

a
te

 t
h

e 
p

ro
du

ct
 o

f 
re

du
ct

io
n

 o
f 

a
lk

a
n

a
ls

 a
n

d 
a

lk
a

n
on

es
 w

it
h

 L
iA

lH
4.

50
5

2
1
.5

A
lk

a
n
a
ls

 a
n
d

 a
lk

a
n
o
n
es

21
.6

.1
D

es
cr

ib
e 

h
ow

 a
lk

a
n

oi
c 

a
ci

ds
 c

a
n

 b
e 

fo
rm

ed
 f

ro
m

 p
ri

m
a

ry
 a

lk
a

n
ol

s.
47

5,
 5

04
A

lc
oh

ol
s.

89
–9

0

21
.6

.2
D

is
cu

ss
 a

n
d 

ex
p

la
in

 t
h

e 
a

ci
di

ty
 c

a
n

 b
e 

fo
rm

ed
 f

ro
m

 p
ri

m
a

ry
 a

lk
a

n
ol

s.
50

0
A

lc
oh

ol
s.

88

C
a

rb
ox

yl
ic

 a
ci

ds
.

10
0

21
.6

.3
D

es
cr

ib
e 

th
e 

st
ru

ct
u

re
 a

n
d 

a
ct

io
n

 o
f 

so
a

p
s.

50
1–

50
2

2
1
.6

A
lk

a
n
o
ic

 a
ci

d
s

20
.2

.3
Ex

p
la

in
 t

h
e 

m
ea

su
re

m
en

t 
of

 s
ta

n
da

rd
 e

le
ct

ro
de

 p
ot

en
ti

a
l 

u
si

n
g 

th
e 

st
a

n
da

rd
 h

yd
ro

ge
n

 e
le

ct
ro

de
 a

s 
th

e 
re

fe
re

n
ce

.
19

9–
20

0

20
.2

.4
D

ef
in

e 
th

e 
te

rm
 ‘c

el
l 

p
ot

en
ti

a
l’.

14
6–

14
7

20
.2

.5
C

a
lc

u
la

te
 c

el
l 

p
ot

en
ti

a
ls

 u
si

n
g 

st
a

n
da

rd
 e

le
ct

ro
de

 p
ot

en
ti

a
ls

.
19

7
El

ec
tr

oc
h

em
ic

a
l 

ce
ll

s.
27

–2
8

20
.2

.6
Pr

ed
ic

t 
w

h
et

h
er

 a
 r

ea
ct

io
n

 w
il

l 
be

 s
p

on
ta

n
eo

u
s,

 b
y 

u
si

n
g 

st
a

n
da

rd
 e

le
ct

ro
de

 p
ot

en
ti

a
ls

.
19

1–
19

5

ISBN 0-418-46310-7 3RNB8A


