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1 Atoms, Molecules, Stoichiometry
1.1 Relative Masses Of Atoms And Molecules

1.2  The Mole and Avogadro’s constant

1.3  Determination Of Relative Atomic Masses

1.4  Calculation Of Empirical and Molecular Formulae

1.5  Reacting Masses & Volumes (Of Solutions And Gases)

2 Atomic Structure
2.1 Particles in the Atom

2.2  The Nucleus Of  The Atom

2.3  Electrons:  Energy Levels,  Atomic Orbitals,  Ionisation Energy

→ you
should be able to define the following "

→ recall that the empirical formula is

the simplest ratio of atoms of each

① relative atomic mass : the average
mass of an atom of

element in the compound .

the element relative
to 'hath the mass

→ recall that the molecular formula
of an atom of C - 12 .

relative to
shows the precise number of atoms of each

② relative isotopic mass : the mass of an isotope
element in I molecule ( in the substance ) .

"hzth the mass of an
atom of C - 12 -

→
You should be able to calculate these two in

the average
mass of one

molecule C of

③ relative molecular mass : problems involving :

an elem .
or compound)

relative to
'hath the

① combustion data

mass of an atom of C -12 .

⇒ Cx Hy + (set⇒ Oz -D K C Oz t I H2O
the relative atomic masses of

④ relative formula mass : the sum of ② composition by mass

the atoms in a formula unit of the
to calculate :

1) tabulate Mr of desired
formula / elem .

compound .

2) tabulate
Mr of whole

molecule

3) calc .

ratio ,
multiply by 1001

.

→ define Avogadro's constant , NA , as the

number of atoms in 12g of
"
C ( = 6-02×10

" )
→
you

should be able to write and construct

balanced equations .
→ define that the mole is equal to Avogadro 's constant .

→ additionally , you
must be able to perform

calculations using
the mole concept , involving :

① reacting masses
C from formulae & egas

)

→ always convert to
moles 1st !

hydrocarbons )
→ you should

be able to analyse mass spectra diagrams, ② ✓ of gases ( e.g .

combustion of

→ V = 24N in rtp ,
f- 22.4 n in Stp

to deduce relative isotopic abundances .

^
*recall that ③ V & conc . of solutions

Ar =
ICY. × Mr)

→ n = cy ( *✓ is in dm3 , c mot dm-3 )

n
.

i.Igo46,3-103×64 -104×65+0.1×66 ⇒ must reflect number of Sf given
in Q as we

" -

→ lastly , you must be able to

63 64 65 66
deduce stoichiometric relationships

from calculations .

→ understand that the atom is composed of "

→ know your
subshells ↳ → order in which orbitals

① protons / mass
=/
, charge = + I

① the s subshell are filled :

② neutrons / mass -- I
, charge = O → one orbital I Max

2e
- ) Is → 2s→2p→3s→3p→4s→3d → Yp

→ spherical i§#, → elect . config .
notation :

→ appreciate use

③ electrons /mass -- Tyo , charge = - I ② the p
subshell

, lszzszzpb etc -

of short
- hand

→ describe the behaviour of these particles in electric
→ three orbitals ( Max be

- )
z, dots . and

. boxes notation (e.g .

ENe ) )

fields :
→ dumbbell - shaped §1¥ leg. Na .)

③ the d subs hell
① protons are deflected towards the negative

terminal

i ) lone , before pair
→ fire orbitals ( max toe

- )

② electrons are deflected , mere strongly' ii , fill up successive subshells

iii ) each box may 2 e
- w/ opp . spins

towards the positive
terminal

→ key exceptions
:

③ neutrons are unaffected / undefeated 5

1) Cu = [Ar] 3d
4S

'

not 34445

not 3d94s
'

→ state that , in an
atom :

2) Cr = [Ar ] 3d
" 4s

'

contains almost all the

⇒ half / filled
3d subshell

more
stable .

1) the central nucleus

mass of the atom
as

then
→ realise that ionisation energies ,

DH i '

z, there is also a very
concentrated Positive → define first ionisation

energy
± one usually positive ;

charge at
the nucleus

energy required to remove
one

mole of the m" '

because shipping
an e- away

is

from one mole of gaseous
3) there is a negative charge

around the

loosely held electrons

of gaseous
ions

with endothermic .

nucleus ,
but negligible

mass -

atoms to produce one
mole

→ trends of ionisation energies
: 1) down a group ,

LDH i

→ you should also be able to a charge of It
. Xcg)?,m?the

@
'

2nd , 3rd and -

→ in shielding → both factors outweigh
deduce n (ptI

,
n ( n ) & rice

-) given N from the above , define → 9 dist. from nucleus 9 NC

p and nucleon # & charge . nth ionisation energies
.

2) across a period , Cgenerally ) TBH ;

*

→ recall the determinants of magnitude of Atli
:

nucleon # = n Cn) t
n Cf) → 9 NC

charge = nip ) - Ince
-Y

① nuclear charge ; N
→ I dist. from nucleus be d atomic size

→ as Tn(p ) , TNC
exceptions :

TF bw p &
e-
,
i Hi

3) Be → B , Mg→ At ( DHi t )

② distance of e- from
nude""

D Be :[He ]zs2⇒n"→
as 9 dist ,

t Fbw P
& e

'

'

B : [Hey zpzp
→ f dist . from nucleus

→ recognise isotopes are Versions of an

→ 9 shielding
element - they have the same proton '

'

- t BHI
Mg :[Ne] 35

→ both factors outweigh
number

,
but different nucleon /

neutron ③ shielding effed of inner e
"

S At : [Ne ] 353ps
'

gene
→ caused by full inner

shells .

number
.

→ 9shielding ,
IF bwp & e

-

→ use the symbolism IX for isotopes; 4) µ → o ,
p→s CDH i t )

2 is atomic number
,
A is nucleon number '

→
.

'

. t DH "

N :[Hey q y ya ⇒pairoff
-

⇒ successive ionisation energies
A
,

o , [ Hey qq.gg
→ 9 repulsive F

because Fbw remaining e
- and p

P :[Ne] It I I
l

9
s :[ Ne] 117111

→

you
should be able to infer the electronic

configuration & position in the PT (grp. prd
)
,

given a table of successive ionisation E

*
HINT: Look for

"

big gaps
" between AH ; .

That implies that
the next e

- removed is

a lower shell .



3 Chemical Bonding
3.1  Ionic Bonding

3.2  Covalent Bonding

3.3 Intermolecular Forces, Electronegativity & Bond Properties

3.4  Metallic Bonding

3.5  Bonding & Physical Properties

→ define ionic bonding as the electrostatic → describe hydrogen bonding as an intermolecular bond
,

→ also , you
muse be able to define the

attraction between oppositely charged ions .

resulting from an electrostatic attraction between following :

ice .

a proton , Ht
,

and
an electronegative

atom .

① bond energy : a
measure of the

amount

of energy
needed to break

NaCl Examples :
one mole of bonds .

@a3tExIIx5Fngjt-LxI.x5-fcaagFtz-Lx.I;:] - ① tho to . . . H ) ② Nt's " )
n alternative names :

s - W N
''
x I I \

i) bond strength
I l I

Hst
f

TH
St z) bond enthalpy

8TH
H St I

?St"
"
. i

"

I:*
② bond length : the average

distance between

→ define covalent bonding as the electrostatic
''
t

ANs- I the nuclei of two
bonded atoms

attraction between nuclei and localised shared 1¥I fSTH/IftHgt in a molecule .

St H
pairs
ofelectrons . St H ③ bond polarity : describes how the e

-

③HF ( F . . . H )
*

one shared between

→ describe the covalent bonds in :

St atoms
.

① Ha HEH H -EIS- ⇒ a non -polar covalent
bond occurs

⑥ CHy HETo H u xx
× if the e

-

are shared (roughly) equally
② Oz 0×5.0 "

i
. bw the two atoms .

H StH ××
g - ⇒ a polar covalent

bond occurs if

③ Ch !!!: ⑦ city Fax
the e

-

one generally
closer to

one

xx

④ Hcl Hx. ET I H
H

'
atom than another

.

you
should be able to

×× %¥% *

hydrogen bonding only occurs between H and either N, Oo
- F
.

→ from the terms above '

⑤ coz ¥0 :C ¥ 0¥
H H

compare reactivities of compounds :

→ define electronegativity as the tendency of ① I bond length ,
I reactivity

→ define dative covalent Ico-ordinate
bonds as

an atom to attract the localised shared ⇒ f Foa bw nuclei &
e
-

a covalent bond , but both of the e
-

in the

pair derive from the same atom .

Pairs of elections to itself . ② g bond energy , I
reactivity

→ appreciate that bond polarity , dipole moments

⇒ TE needed to break bond I s )

→ describe the dative covalent bonds in :

and the behaviour of oxides w/ water is

① NH
,
+ Ht s NHI ② ZAK! → Akc" influenced by the difference of electronegative' ③ g polarity ,

9 reactivity

+,
it II

× II C '

, y
Cl
, ,

C ,
of the atoms

. ⇒ less even distribution of electrons

x.

¥ + Ht →H
. ¥ Ht At t At → At At ⇒ 9 bond length

H
x .

×El' I ± I xx / I a y → define Van do Waals forces as intermolecular
H " "tffx ¥× a Cl Cl ⇒ I Foa bwnuclei & e

-

F low molecules .

Examples
* at a particular pt

in time

① London dispersion
F / temp . dipole

-dipole bonds

in terms of o & IT bonds -

-

→ describe covalent bonding
→ London dispersion F

one
caused but ① CHU, u ,

② Bk ( l )

and hybridisation .

⇒ single bonds : , o of temporary
dipoles' due

to

:B
.

÷:IIE① or bonds formed by s-s overlap ' the creation
e
- at a green H

→ double bonds : I o
,
I IT

the positions of shared I 8 - St

② IT bonds formed by PP overlap¥tangygoogly: I o, 2x point of time . testy, :.is?xBrEykfoPjddiPdiP- - -
- - -

/ \
tt k

,

① sp3 : single → these one the weakest of a " the IM
s

.

.

ifIf:C.! : ;.is?n+EIISt
② spz .

.

double forces .

g-÷I ;
S- s -

÷ - perm . dip dip

③ sp
.

, fn.pk one two
doubles ② Permanent dipole - dipole

bonds

H
bond ③grp 18

, , , e.g
. Neu ,

→ Permanent dipole - dipole
bonds one caused by

the electrostatic
attraction between { g. g,

→ you
must also be able to

opposite partial charges
in molecules .

I ,Ici. : ¥N¥I÷, temp
. dipbodinrd

.

. .

.
.

,
.

-

xx ft

explain the shapes , &
bond & '

*

hydrogen bonds one these, but between
:c

.

!
: 8- EFE ×

in the following :
F F

. .

N . . H
,

O . .Hor F H
.

① coz :GO
.

.
⑤ BF

,

'

B
,

"

linear /

1800/2
BP F

H trigonal planar /

1200/3
BP

② CHy duh EEE
XX
×

I Eat,
⑥ PFS

xxx
, pl

,q¥×" + F
xx → define metallic bonds as the electrostatic

tetrahedral /109.50/4BP
← 1¥

the lattice of cationsIF
x

attraction between

③ NHZ ,
"
" H xxx the sea of de localised electrons .

H ⑨
f,

trigonal bi
pyramidal11200,900/5Bp

F

tpiygom!!.ua//io7o/3BPlLP⑦ SF Ft.iexDxx
S

④ H2O I \
f
⑤ Em

fH H /
bent F
non-linear 1104. 5/2BP2LP octahedral /

9001GBP
→
you should be able to use the above to

predict the bond angles in compounds -

→ recall the effect of different types of bonding

on itsphysical properties :

① ionic
, e.g .

Nacl ④ hydrogen bonding
2) surface tension & viscosity

1) boiling
and melting points

→ high MP & Bp ;a
lot of strong

bonds

→ usually soluble I exceptions include AFC I

,
which t

size
obsons:

→ high density ;
low volume , due

to strong bonds

① water has a high
→ high polarity surface tension

② covalent → there are hydrogen bonds

→ low MP & Bp ; if polar
will be higher

between water molecules
→ solubility dependent

on polarity of it & polarity

→ this allows the molecules

of solvent ( p .
. p , np

. .
. rip)

if polar
will be higher

observations :
→ define surface tension as

to stick together
→ low density ; -

the elastic tendency of
→ variable polarity ① H2O , HF & NH

,
have much higher

→ importance : allows small

boiling points than their
"

categories
" the surface of a

" Vid
insect , to walk on

water

③metallic which minimises its

→ high MP
& BP ; many

strong
metallic bonds

→ H2o , HF & NH, have H bonding
surface area . ② water also has high

→ insoluble ;
but some

react

→ usually high density ; exceptions grp
I metals

between molecules → define viscosity as viscosity
→ the rest only have permanent

a measure of a liquid 's → viscosity is positively
correlated

→ you
must also understanding the forming of

dipole -dipole
bonds

resistance to gradual with the strength of
bonds is exothermic , and the breaking of

→ more thermal energy
needed to

deformation by stress . intermolecular forces
bonds is endothermic - break intermolecular forces in

→ there one strong hydrogen
bonds

H2O
, HF & NH, ,

to vapor
rise

between molecules of water

→ as H bonds are relatively stronger
than permanent dipole

- dipole bonds
.

② as period increases ( for p 33
)

boiling point increases

→ size of respective
atom increases

→ number of electrons increases

→ magnitude of temporary dipole -

dipole bonds increases

→ more thermal energy
needed to

break intermolecular forces in

successive molecules



4 States Of Matter
4.1  The Gaseous State,  Ideal & Real Gases 4.2  The Liquid State

4.3  The Solid State:  Lattice Structures

4.3.1  Ionic Compounds 4.3.2  Simple Covalent Compounds
4.3.3  Giant Molecular Compounds

4.3.4  Hydrogen Bonded Compounds

4.3.5  Metallic Structures

4.3.6  Additional Stuff

→ describe the following :

→ recall the basic assumptions of kinetic theory as applied
① liquid state : molecules can only ③ vapour isation : the process

in which a

to ideal
gases

: deal gas obeys slide past one another .
substance D from a

-17 understand that an '

→ shape bounded by walls of container liquid state into asolid① particles one in constant random motion
the ideal gas equation PV = NRT '

→ intermolecular F are moderate
state

,
caused by heating

-

② the temperature of the system is directly
where ,

proportional to the average
kinetic energy ① p

= pressure , in
Pa I

Nm
' Z

② melting : the process
in which a →

as temp .
9
,
more particles have

substance D from a solid
enough kinetic energy

to escape

of particles ② V = volume
,

in m
's

state into a liquid state ,
,
in mot surface of liquid

③ there one

negligible
interactions between

③ n =
number of moles caused by heating -

→ at a critical temperature , even

particles , except for perfectly elastic
④ k= the ideal gas

constant ,
8.31

→ energy transferred to solid .

the particles with the lowest kinetic

collisions
⑤ y= temperature of system , in

°KI 1+273 → vigorous vibration

energy can overcome the EA

④ there are no /negligible intermolecular
→ lower forces of attraction → so liquid transitions into a gas .

forces of attraction between particles From this
, you

can infer that
→ when temp . is high enough '

solid
④ vapour pressure : the pressure

exerted by

⑤ particles behave as rigid spheres Mr = M¥-1 ( where M
-

- mass
,
in 9 ) changes into a liquid

qyngaamsicigneqn.ibth.fm
⑥ gas consists of particles or

molecules with

staitteiyhiatidaormgiven
not negligible

Volume .

→ recall that at very high pressures
and

temperature .

→ caused by particle , hitting the walls

→ recall that for a gas
to reach ideal

very low temperatures
of the container .

1) intermolecular forces
become significant

behaviour :

1) negligible intermolecular forces
⇒ I dist.

⇒ t KE C for t temp )

2) negligible molecular size

2) ratio of molecular size
and gas

volume

becomes significantly high
\

→ describe the structures of the compounds below :

1) Iodine ,

Iz
1) NaCl 2) MgO us

facecentredcubic
; 2)

Buckminster
,

t.fhepreensephen.CAT
1) Silicon ( Iv ) oxide , sich

cube of Iz with

→ w , bond angles
120

" & 108
°

→giant molecular
→

EPZHYB
another molecule

tetrahedral structure → bond & : 109-50
at the centre → pentagons

& hexagons -

of each face → spz
→ P *

each

Si
atom bonded

Si to 40
,

O
'

Its
'"" O -

Properties o I eachIatom bonded
-
-

Si to 2 Si .

→ exist as giant ionic structures / ionic lattices ⇒ allotrope : forms of the same

① Low sublimation point -

element
,
but different → weak Ldn disp

F
Properties→ cubic - -

→stop;:÷÷e.attraction
between⇒aII¥E÷q%÷t②If!:!!! ① 'Iis:' 'Ii:hg"intentions *

me:÷÷:÷:÷±÷
→ coordination number ( Max # of atoms spheres & tubes . ③ poor conductor of electricity throughout structure

isiowerhan the up

bonded to central atom) is 6 Properties → absence of de localised e
-

② Insoluble in all solvents of graphite .

- - ④ Soluble in non - polar
solvents

⇒ diahyb -- sp
'
, gra

-

- sp
'

*
Mp of MgO more than MP of NaCl ① Low melting & boiling point ③ Poor conductor of electricity ⇒ .: dia : zs.is , as't p

→ weak intermolecular forces ⑤ thfahgivhee- density in parts of → absence of mobile charged gm : 33.51. s , 66 -TIP
→ T charge density between molecules particles throughout structure

⇒ Rs character
,
t bond length ,

→ T bond strength ② solubility dependent on molecular molecule ④ Had
'

'

'

p?.IO?fbwe.nudei&
bonded

polarity → stung
covalent C -C bonds -

: orbital is closer to nucleus

throughout structure
③ Poor conductors of heat and

electricity 2) Graphite 3) Graphene
→ ice

→ exceptions :
acids & bases

→ C atoms are
→ single layer of

→ crystalline hexagonal arranged in

PITtaters
'

graphite
Structure and showcases ahexagonal3) Nanotubes structure .

us giant hexagonal structure
→ each water molecule is

-

→ hexagonally arranged C n sp
' hyb

hydrogen bonded to → sp
' hyb

atoms
,
bent into a -

-

→ bond 4 of 1200

4 others ( from the
cylindrical shape → 121bond $

Properties
intermolecular Foa ptoperties -

-

→ w/ bond 4 120 ① High melting pointbw the H in one molecule ① Lubricating
Peoparties and the O in the other ) h sp

' hybridisation
→ layers can

slide past each other
→ presence of many strong

→ simple covalent bonds
① Low melting point & boiling point easily

→ a lot of thermal energy
→ H bonds still weaker than Paper ② High melting point needed to break bonds

infra molecular forces ① High tensile strength → presence of many strong C-C

② Lower density
than liquid H2O ( resistance of a material to bonds

② Insoluble in all solvents

→ H bonds increase
volume of solid breaking under tension)

→
a lot of thermal energy

→ attr . how solvent molecules

and C atoms will not be

→ to form crystalline
structure ② High melting point needed to break bonds

strong enough to overcome

→ presence of many strong
→ mass remains

constant
covalent bonds throughout ③ Insoluble in all solvents

covalent bonds

→ so ( as perf ) density decreases
Structure ④ hood electrical conductor ③ Good conductor of electricity

③ High electrical conductivity → due to
"cloud

" of delocalised → presence of mobile de localised

③ Poor conductor of electricity
→ presence of de localised e

-

electrons between layers. e- throughout structure

→ absence of mobile charged particles throughout structure ④ Reactive

in structure
⑤ Very strong

→ extensive network of covalent

bonds
→ you should

be able to state resources

are finite and outline the benefits of

recycling :
4) Diamond

→ giant tetrahedral-D e .g . copper
regular ①

conserve energy structure
→ consists of a giant ② land fits are filled up

slower
→ bond 4 : 109.50

metallic lattice of positive
③ conserves ore supplies → hybridisation : sp

'

metal cations

→ surrounded by a sea of
④ more cost-effective

than extraction
properties
- -

de localised electrons
Examples : ① Very hard

→ structure of copper
is a

① cu ( I energy
used for smelting )

→ presence of numerous strong
"

face centred cubic
" / f"

② A , ( d energy
used for electrolysis ) covalent bonds

Properties →

you should
be able to , given

data about
→ stable tetrahedral structure

- -

② High melting and boiling point

① Good electrical conductor the physical properties of a substance '
→ presence of many strong

covalent

→ presence of delocalised e- suggest the possible nature of that substance
bond,

② Strong
#

,) bonding present → that require a
hot of thermal

energy to break
→ presence of many Hung 2) structure ③Insoluble in all solvents

metallic bonds *

③ High melting point & boiling Point 40poor conductor of electricity

→ absence of mobile charged

→ presence of many strong metallic particles
bonds

→ that take a
lot of energy

to break

*

④ Insoluble exceptions :

gypImetal,

→ Some
react however



Chapter 5:
Chemical Energetics combustion *exot reactions are

WhatisAh
't ? eg C+02 → CO2

energetically
9 stable .

→
a measure of the energy

stored in
. products TH

exothermic oxidation of cab
a system .

.

.

. 9 stability

The relative enthalpies of a system a chemical reaction that
(this is why most

differ between before and after a rseukrawseusndgF9Y
to its

crystallisation & chemical reactions

are exo in nature )

req:ctiresias in the gain
or

loss of

Yhd
→DH < O precipitation

signified by the enthalpyChange (AH ) enthalpy .my
- KJnot ' - -

- .

ja
ration 3 needed to

start the reaction

→ in experimentation, decomposition
DH is usually measured via the

.

>
.

. products

D in temp . i reaction
/ pathway

ENTHALPYPROFILEDXMPI.FI/Iagn
:(endothermic photosynthesis

CATALYST a chemical reaction that⇒ysts speed up
reactions BY

a

,
absorbs energy from the

lowering the
activation energy

needed
'

D surroundings dissolving NHI salts
to mm.

-m '"

"

÷
.

in ""

TYPES OF ENTHALPY
CHANGES

.es#n:..m:..e::..n..:maian:.:..o.:...::=n...oni....o
. "÷÷÷÷÷÷÷÷÷÷÷i÷÷÷÷±÷.in

is formed from its elements
under standard

*
conditions there one three

elements

in which their eyes
e9 Hzcg, -1 to . egg

→ H2O
, ,,

DHF-0=-286 KJ
not
-
I

can be applied to both

IHzcgyttdzlg, → HCl gag, DHf°=
-393k-5mi

' '

.

tph;Ei¥.dentin
its "÷!÷"÷{uy]. fit DHF

's 0
. ojnpsof.fduenismeEIF.BYthan ③ Hat 'zq→ Hao

if DHF-070 , compound is less stable
than

constituent elements .

-

tattoo
② STANDARD ENTHALPY CHANGE OF

COMBUSTION

→ the enthalpy change when I mole of a substance is

completely burnt in an
excess of oxygen

under

standard conditions

eg Scs,
+ 02cg,

→ 502cg,
DH! = -297 KJ not

'

("is, -130. → no
. + *so
,
.no. .""

.mn#nIgItii:dF7
→ compound w/ C w/ Ioxidation #

will release 94 when combusted !
✓
Ss
,s,
t 802cg,

→8502cg ) eg CzHgO
*
Coxid. # not

C :X H : ti O : -2 necessarily Z

i . c = Iz==3.



③ STANDARD ENTHALPY CHANGE OF NEUTRALISATION / DH
n

-0

→ the enthalpy change when I mole of water is formed
-

*out of Itza
,

by the reaction between acid and alkali under Hypo, *

standard conditions

9 Hclcaq, -1 NaOH caq ,
→ NaCl capt tho , , ,

stink - say Ksmo,
-1 ( *dnttgati've always I say ③
-

X t

STRONG ACIDS & ALKALIS WEAK ACIDS & ALKALIS

- ⇒ AH!> - 57- I KJ mot
- I

⇒ DHNO = -57.1 KJ mot
'

Eg CHZCOOH + NaOH → CHZCOO Na t H2O DHI
- 54- OKTnot

'

this is because the neutralization only involves

the formation of H2O from hydroxide & hydrogen
this is be

,
besides the reaction bw Ht & off, DHNO will

ions
,
i.e

. Htt OH
-

→ H2O also involve other enthalpy term involved in ionising the

(heat released
is used to

since the process
is the same for all ,

DHNO is
weak acid

complete
the ionisation

DH
,
: Htt OH

-

→ H2O
constant . *mineral acids are always

DHZ : CHZLOOH → CHZCOO
-

t Ht of the weak acid /
base)

strong :

(weak acid /
bases

'only ionise
organic

acids (acids w/
C )

always weak - partially)

④ STANDARD ENTHALPY CHANGE OF SOLUTION(IH Yo , *
less exothermic

.

→ the enthalpy change when I mole of solute is
y

dissolved in a solvent to form an infinitely *
DH
,,o can be

+ ve or
-ve .

dilute solution under standard conditions

• if it has a 99 tve value , compound is

.÷:::÷÷::÷::::"
" """ I .ii÷÷÷÷:i÷÷÷÷: I

dilute
don't measure

under supersaturated
a

solution
.

#

(presence of ppt)

⑤STANDARD ENTHALPY CHANGE OF ATOMISATIONIDHA!
→ the enthalpy change when I mole of gaseous atoms is

formed from its element under standard conditions

" to:c's's: is:÷÷ ::::
'

r
.
I:÷:::isa
-

→
te product only

has

1 mole ( in ege )

⑥ STANDARD ENTHALPY CHANGE OF HYDRATION
OF AN ANHYDROUSwww.SAYTmoie of a hydrated

*DHoisalw⇒→ the enthalpy change
one more of the anhydrous ( negativesalt is formed from

Salt under standard conditions
-

Eg Nazszoz t 5h20 → Nazszoz . 5h20 DH
'
= - 55.065mot

'

BOND ENERGY (also known as bond enthalpy / bond dissociation energy )

→ amount of energy needed to break one

*

mole of covalent bonds
,

in one
mole bond energies

are

always positive
of gaseous

molecules

¥ ::÷÷i÷÷÷÷¥÷÷÷÷÷÷÷
endothermic

FACTORS WHICH DETERMINE EB ?

① Type of bond

ien :3 It:f*:÷;i;*
-

② Bond length
→ distance bw the nuclei of the two

atoms joined by covalent bonds

*
→ dependent on

size of atom :

÷÷÷:::im:



EXPERIMENTAL DETERMINATION OF

ENTHALPY CHANGES
Mathematical Egas for

Basic Calorimeter Set
DH

→ used to measure

(Q
-

.
heat absorbed I

temperature change ① Q = -meDT produced
)
* 'Ii. is

caused by a
reaction

m
= may of solution

I g important!

→ Inly mass of solvent )
solution

Emts
→ for ALL aqsol : 1cm

' = 19

- incomplete combustion
c = spec .

heat cap of th 014.185g-' q -I
of fuel *not compulsory

to

AT = change of temp. cugbw ok or C

- not all heat
released

transferred to
water ② gf, = heaterolvedlabsorbedno.clmoles of limiting reagent

Cneutral isation ) *
( combustion ) answer must have

:

① sign Cextend) ③ unit ( KJmot
-D

DHT by experiment DH! by experiment ② value

200cm
}

: m= 200g

Q= - moist bit- jjjj
= - ( w ox

4.18×3.4 )

= - ( 2842 . 4) I
AH = - 56.8 kJ not

- I
.

DH
so,

'

by experiment
r

*experimental value of DHC
is less accurate than

Q= - me DT DH
n

= - ( 200×4.18×11.3 )

→ ①Heat lost to Surwrdihys
mass of
H2O

=
- 9446.83 ② Incomplete

alcohol

i

:::÷÷÷÷÷÷÷÷÷÷:÷:: . .i

.i÷
.. :÷÷÷÷:÷÷:::

Q= - MCA
SH = - 40.3kg not ! alcohol

= -

(100.45×4.18×3.6)
*only

HESS 'S LAW =
- ' '' ' '"-

J

AH
. .
DHn&DHso'

- can be determine

experimentally .
→ total enthalpy change in

a chemical
*
9 BE

,
9strength of bond for the other

rewqcichjonaeischiedme.%7eatfion.IE
" "

bond brewing is end) we

's'IaTEiid'm
place

,
as long as the initial and final bond forming is exo

them theoretically

- through HESS's LAW
conditions are

the same
. =

.

DH
ATB- C

D¥ ftp.DH-DHITDHz .

×

BHF from DHC
DH. .. Hyd of Ahyd

salt #

elements to
,

DHr
compound formed -102 lips d, hyd salt

*
DH
,
cannot be determined

→
→ identify types of bonds in anhyd salt directly ;

of 4th
→

e:::÷±:f:::
' ."!, . , ., ..¥;:%:;:÷%combustion Podell beaning care DH ) both anhyd & hyd salts .

① write balanced eqe for BHF at the top .

→ produces undergo
bond L

② Write combustion producer
at bottom forming C - ve Dh )

washy
?

③ Draw all arrows → AH
.
is net enthalpy A . ① initial state is solid

( impose to

④ Apply Hess 's law ,
taking into

account # of
measure temp . )

mobs of each machine & product formed
.

② humid environment

③ cannot verify when all salt

has been hydrated .



Chapter 6: 
Electrochemistry

*note :

e:÷÷÷÷÷÷÷÷÷:÷÷÷÷÷÷:..ALLRED .

C even from Az)

"

redox reaction
"

- a

reactionin
which reduction & oxidation

occur simultaneously .

terms :

ummm ⑥ disproportionation
:

① oxidation : loss of e- → Tox . # / 90

② reduction : gain in e- → tox .
# I to ] oxiaa.io?is4ossRreIIionhisgain the simultaneous oxid

.
& reda .

of the same species in a

chemical reaction
.

③ oaxigdeinsing
: e
-

acceptor, → eg Hz -1 Iz -7 ZHI CH→ title)
eg Cuzco + Hzsou, → Cut Cusoyt tho

reduces species •

halogens C oxidants ) (cut) CCa ) CCurt )

→ acidified KMnO4 & Kzcrzoz ,
H202

, -
-

-

④ raedgvencitno
!

eo-xiad.ge?astporjes-segHztIz-s2HICIte-
→ I

-

) redIIY¥
→ Naz 5203 Csodium thiosulfate),

halides
,

SO
,
Creductants)

⑤ oxidation : a nvm . given
to each atom lion in a compound ,

number that describes how oxidl red it
is .

→ we use this to :

a) identify which reactions are
redox

b)

identify
reducing & oxidising agents .

common examples of redox reactions

① between thiosulfate and iodine ions : ② redox reaction of manganate CIv ) ions in

an acidic solution
C starch catalyst )

25203 "caq, t Iz → 54062
-

caq,
+ ZI

-

Mn 04
-

t 5e
-

t 8 Ht → Mn" t 4h20

→ iodine acts as the week oxidising agent → potassium manganate (VII ) acts as a strong oxidising

( by oxidising thiosulfate into tetra thionate ions ) agent
( 5203 ) (5406 )

→ observations :

→ observations :
① initial deep purple solution (manganate ( IV ) ions )

① initial brown solution Cdue to Iz )

② as thiosulfate is added
,
solution ② solution turns nearly

colourless ( manganate CIV ) tuns
into manganate C Il) ions )

turns pale yellow ( due to some Iz being
ionised

into ZI
- ) ③ final result : first extra drop of

③ final result of colourless solution ( all Iz ionised)

manganate Cv1 ) ions make (why ?
to

Usually , starch indicator is added solution permanent pale pink .

-

achieve a dft
.

* blue-black → colourless .



rules for working out oxidation

numbers
① All

neutral
atoms have an ie Mg, Fe , the, 02, 58

oxidation num . (On ) of O -

② For simple ions
, However, there are

EXCEPTIONS
the On is the same as the

oxidation state of - I in Group I metal
ionic charge a) H has an

ie Nat
, Mg
"
,
Apt

,

hydrides
. eg

in KH and NAH

Gl
az

913

a-
,
02 ; N3

-

b) O has an On of +1 in peroxides eg in thou

"7 a " a 's c) O in compounds w/ more 4 - ve atom C ie FLO)

③ In a neutral molecule
, → since f has an oxid .

state of - I , and is more

Eon = zero . 4 -ve , O has an On of -12 .

ie Alzoz : zAPt& 302
-

d ) Halogenic compounds w/ more 4- ve atoms ( ie FCI )

.

'

- 4-13) -131-23=0 .

→ the more electronegative
element gets the

- I

oxidation state
.

④

In
a polyatomic ion :

eg NHyt
X t 4 C I ) = I

.
:X =-3 .

⑤ In complex ionic compounds :

eg
N Hy N°3

split into

component ions :
→ Ntlyt No,

-

then compare : x -1441=1 y -13C
-2) =

- I

x=
- 3 y

-

- 5 .

balancing chemical equations : methods

① balancing eqas for
redox reactions in

*
some half equations areacidic solution .

given in the
for instance , balance :

DATA BOOKLET.

crzoy.fi,
-1 HNOzcag,

→ Crstcaq, + NO,
-

cap .

-

Steps

;) Write the half equations
. iv) Balance each half - reaction for H

Crz 072
-

→ Crest by adding hydrogen ions

HN 02 → NO,
- CrzOf

-

+ 14 Ht →

2Cr3tt
7h20

ii) Balance each half reaction for HNO, t H2O → NO,
-

t 31ft

elements other than H and 0
u, Balance each half. reaction for charge C by adding

e- )

Crz 072
-

→ 2Cr3+ Crzoyz
-

+14 Ht + be
-

→ 243++71420

HNOZ → NO,
-

HNOz t Hzo → NO,
-

t 3 Ht + 2e
-

iii) Balance each half - reaction for 0

by adding water molecules
vi) Multiply by an appropriate factor

Crz072
-

→263++71-120CROP
-

t 14Ht t be
-

→ Zor
"
t 7h20 ( Xl )

HNOz t H2O → NO,
-

3HN0z-13
Huo → 3 NO,

-

+9
Ht t be

-

( x 3 )

Vii) Add balanced half reactions .

Crz072
-

t 14 Ht 't

3HN0zt3Hzo-
be
-

→ XP
"

-13NOT-19
Htt 7thot be

.

Crop
-

t 5 Htt

3HN0
,
→

263++3×103+41420
important !-

→ never add 02 , O
atom

or 02
-

to balance

oxygen
.

→ never
add Hz , H

atom

to balance hydrogen
.

-



② balancing eqas for redox

reactions in basic solution .

for instance :

Ages, + Zn
"

caq ,
→ Agzocaq, -12ha,

Steps :
nvm

i ) Write the half equations
v;) Multiply by an appropriate

factor
.

Ag→ Ag , O zag + H2o → Agzo + 2Ht + Ze
-

Zhu → Zn

'

'

i) Balance each half- reaction for
2h24 t Ze

-

→ 2n

elements other than H & O vii ) Add balanced half - reactions

2Ag → Agzo zag + H2o + zn
"
t 2e

-

→ Agzot 2Ht t
2e
-

ZAG t H2O
t 2n
"
→ Agzot 2

Htt
Zn

2nA → Zn

iii) Balance each half - reaction for viii ) Add OH
-

to balance Ht

→ Agzo t 2Ht
t 20h

-

t 2n

oxygen by adding H2O .
zag + Hzo t

2n
"
-120ft

-

ZAG t H2O → Agzo

Zn
"
→ 2n my combine Ht & OH

'

to torn

iv) Balance each half- reaction for water .

hydrogen by adding
Ht

zag + Hzo +ZNZHZOHIAgo -1 2h20 t Zn

ZAG t H2O → Agzot 2Ht

⇒ 2Agt 2n
"
+ 20h

-

→ Agzotznt H2O
-

2h24 → Zn

✓) Balance each half-reaction for

charge

ZAG t H2O → Agzo
+ 2Htt 2e

-

Zhu t 2e- → 2n

③ balancing chemical egas by using
oxidation numbers .

eg copper L Il ) oxide
reach with NH ,

to produce

Cu
,
Nz and tho .

steps :

i) write the unbalanced eqI and iv) add half egas

identify the atoms which DON Kuo t ZNH,
→ 3Cut Nz

CuOt NH
,
→ Cut Nat H2O

u, balance
the remaining → oxygen , hydrogen -

Cao → Cu

2NH3→Nz atoms

i ;) deduce the ox . no charge 3Cuo+zNHz→Nzt3Eut3
Cno →

Cu -12-20

- 2

2MHz → Nz
- 6 → o

+ 6

iii) balance the On charges
360 -73Cu DON --

-

6 \ *
always

consider the
mob !2N

Hz → Nz DON =
-16 ie 2N'

-

= - G ( ON)



Chapter 7:
Equilibria 
REVERSIBLE REACTIONS CHANGING REACTION

→ a
reaction in

which the products CONDITIONS

can react to reform
the original → Le Chatelier's Principle

→ if I or more factors that affect
reactants -

an equilibrium is changed,
the

Hz t Iz⑤ZHI pos of equilibrium shifts in
the

direction that reduces / opposes
Cu504 . 5 tho⑤Cusa, t

5h20

the change-

Hb t 402⑤Hbo 402 → changing conditions ofreactionmethods:

M - mum
-

.

' ③ Temperature
→ we can use

activation energy
data

① ecgonofezttmtimscn- =EeCSCND
"

eg 2502cg, -102cg, F 2503cg) DH' -15hm. i
to determine

whether a reaction

is reversible .

a) if Cscw- 9, 9 shifts to ↳ ) a) when Tf
, pos of eq ( a-)

→ if AE9)99, backward → to remove extra KN
'

why ? → endothermic reaction favoured
→ observation : redder

solution
→ to remove extra heat 4

reaction is unfavourable
b) if Cscw. t , eq shifts to ( ← ) → result has 95oz , Oz , 1503 .

irreversible
reaction .

→ thus → to replace lost SCN
-

b) when Td , pus of eq C→ )

→ observation : paler C red) solution why ? → exothermic reaction favoured
→ to replace lost heat 9

DYNAMIC EQUILIBRIUM ② Pressure (only affects 9
re"""s)

→ result has tsoz
,
a
,
9503 .

→ a reaction in which the molecules
eg

'

2502cg, -102cg,F 2503cg,
→ catalysts do not affect the

of reactants are being
converted

a) when 9p
, eq shifts

I→) * focus on -

to produces at the same
rate the gases

in position of equilibrium
.

# Why ? → to produce tone of 9 the eq , and

→ it solely
increases

the rate of
as products are being

converted
→ to Ip ignoneesegeryt

hence : resultant mixture 9503 , 1502,02 reaction , by providing
alternative

to reactants .

b) when IP, eq shifts C ← ) pathway of lower Ea -

characteristics :
* it owes metdirectly

%
.

mrnnrnnmn why ? → to produce I ok of 9
① rate of forward reaction =

→ to lap
rate of backward reaction hence : resultant mixture 4502 , 02

,
4503

② conc . of reactants
= * BUT [reactants ]

conc . of products ⑦ [ products ] ! eg
'

2HIcg,
T Hzcg, t Iz g ,

⑤ reactants continuously being → if no D in # of n of g in reaction

;
converted to products .

and w changes in pressure
will have reEffect

④ only occurs
in closed system .

on the composition of eq mixture .

→ increasing
the p

will increase
both

the rate of the forward & backward
HABER PROCESS

→ Nzt 3h, = AH = -92k's mot
' reactions . SIMILARITIES B W HABER & CONTACT

EQ REACTIONS
not necessary

to

conditions : p
memorize values .

①mFfres
sure of (Go - 250 atm ) ③ Fel Few, catalyst ① Both products are redox

→ to shift eats ) Itoytwanging an
alternative path ② Both result in higher yield of products

when

pressure increased . Ceq C-s ) )
*

gqqp is costly to maintain -

of lower Ea .

②99k temp . of 300 - 500°C ④ Removal of NH ,
thru condensation ③ forward reactions are

exothermic

→ if992T
, yield of NH, t → to 9yield NH3 -

Cattho 9 rate )

→ if It T, rated Caltho yield 9)
→ this temp is used mainly to

speed up
the reaction .

unsesnnof_NH3Ikk:

conditions for ② :

mm - -

① Nitrogenous fertilisers CONTACT PROCESS i) I - zatm pressure ii) 400 - 450°C temp② HNOz → the creation of H2504 can .

→ when Tp. eat H) → 9yield , while not significantly
③ Explosives steps : : f yield of 503 affecting rate

④ Refrigerant ① S + Oz → SO
,

Then why p just above Std atm ? iii ) yo, catalyst
⑤ cleaning agents ② 2502+02 2503 SH = -197k 's → 99 Kp even at this P

→ to grate by providing an

mot
- I

⑥ Nylon ③ HzS04a
, -1503cg,→ Hassan,

→
eq At

→ ) alternative path of tea

→ app . of Tp requires Must in Air used to burn S
,
must be as pure④ +125207 t H2O → 2Hzsoy *

no pollutants . why ? → will take up the

as possible "
active site

"

of
→ to prevent catalyst

"

poisoning
"

catalyse .



EQUILIBRIUM CONSTANTS

→ constants used to calculate eq mixture

composition .

① Homogenous eq Heterogenous eq
→ reactions in which all reacting

species are in the same phase /
→ reactions in which reactants &

Products are in different States
state

eg Nzcg,-1342cg ,I
2N "

3cg, eg CaCO
3cg,
T Ca Ocs, -102cg,

Kc Kp MEANING OF
"

K
"

→ c refers to the concentration of
* → prefers to the partial pressure . k > > I ⇒ eq

(→ )

reactants & products , in
mot dm

-3

applied to all eq
.

.

. favour products
-

reactions of gas . in Pa

→
"

equilibrium expression
"

: a relationship
*
except solids →

n

pane;a, pressure
of gas

"

: . K " t ⇒

,

.

.
efaw!?Ye actants -

which links Kc to the eq
conc of -

why? →
solids cannot

be
pressure exerted by any

one gas

reactants
, products &

the 91 quantified by in the mixture . * for A-1203¥
C TD.

7nionfeetnform.pe?djaIss .
°" '

es
'

Nag, -1311cg,TINH
've kp=(÷xp)freactants & produces written

eg
'

Nz opt 3142cg, I 2NH3cg, ⇒ Kp = t%
as subscribes yer p (Itxp) (¥, xp)

'

⇒ k
,
=
[nitzyoiwniigiiii

* unit -.m" Pyx P'Hz *
# n y each constituent

written

- (and dm
- 3 )
"

as superscripts after p'
one. y → [Nz] [H2]
?
- conc ' of " - = moi

-

2dm
's

on the
Nr → similarly, Kp unit depends

→ unit of Kc depends on the *unit is very
= eq expression .

form of the expression - important !

eg
'

Hzcg, -1 Izcg , I 2141cg, eg
'

Nzoycg, E 2N02cg, eg
'

pclscg, = Pclzcg, -1 Clzcg , eg3 3 Fees, -14110cg,
T Fe304cg, 'T 442cg)

Kc =
[H Kc -- [N Ppa

, Cpa ]
Kp =

PII [pit
IHz ] [Iz] [Nzoy ) Kp = - = ⇒ = Pa

- '
- = -

2 Ppa
,

. Pa
,

p
"

[payt
= El )

[Kc) =
Emo1dm

CKc ] =¥12 tho

[moi dm-332 emo , dm-3g eg
"

NZcgstthcg?
"
3
9 ' * partial p of a Cg ) =

2[Kc) -- [ I ] -

'

' no unit EKc ] = mo , dm-3
. kp= Pun

, [ Pay mole fraction x total Pressure .

- = -

FACTORS THAT AFFECT Pui pH, [Put
= ED

EQUILIBRIUM CONSTANT

POSITION BRONSTED -LOWRY

① ConcentrationX THEORY OF ACIDS &

eg ZHI I Haig, -112cg, BASES CONJUGATE ACIDS
,

C Arrhenius defa )

k
,

= CHIETI → in water & BASES
[HIM ① An acid is a substance that

donates Ht when it
dissociates i if a reactant

is linked to

→ if more HI added ,
a product by

the transfer

pos of eq L→ ) in water of a proton ,
this Pair

→ hence [HI]t
,
Eth , Idf ② A base is a species

which accepts
is a

" conjugate pair
"

'

→ at the end , eq
restored

Ht from acids . e9

Hug, + Hao , ,,
I H30+cag, " "

'

caq)
^

→ so conc does not change
the

- → BL deft
: ↳EC .

① an acid
donates a proton I

② H2O accepts a proton

② Pressure X ① A base accepts a proton . ① HCl donates a Proton
from Ha .

to H2O .

→ hence H2o is the conjugate
eg Nzcgt,3Hzg?ZNH3g , eg

Hcl
,apt thou,tH30Iaj cicag , → hence CT is the white base of Haiti

K
,
=

[ Nt-1332 ✓ base of Hcl
'

→ H got is the conjugal

Eet, 3 Hu

gives:* → Hu is the animate aid of tho.
Huo . acid of Ci'

→ if pressure
increases,

9 as
V t

→ also :
all conc . STRONG vs WEAK

①
' '

monopwtic acid
"
: acids that

ACIDS & BASES
→ but since

Kc is a
ratio,

only donate
one proton ,

it remains unchanged . → dependent on degree of

→ so pressie
also does not ie HCl , HN 03

②
"

dipwtic acid
"
: acids that

dissociation .

→ strong acids ) bases completely
DEC .

✓ donate two Protons' dissociate in solution
-

③ Temperature ie Hzsoy → eg
mineral acids

( HCl ,
HNO, , Hzsoy

etc)

2. HI
,g,
I Hzcg, t Izcg, DH

is tve

③
"

tnipwtic acid
"
: acids

that

Eg group
I hydroxides ( exc

.
Li )

donate three protons,
Kc =

Eth) [ Is ]

CHIT ie Hz Poy . ( NaOH ,
KOH eh)

→ if -19 , sys fav. end
' AMPHOTERIC → weak acids / bases only partially

... eq
shifts right . COMPOUNDS dissociate in solution-

→
.

.

.
[ Hz , Iz ] 9 ,

CHIT t → a compound
which

→ eg organic
acids, HCN, Hzs, Hzw,

simultaneously can act

ccitzcootlek)
as an

acid & a
base .

.

-

. Kc 9 .

→ eg NHS , some transition metal

→ so temperature
does affect eg Hat Hao

→ Hzottci
- - hydroxides.

NH, -1 H2O
→ Ntlytt OH

-

the EC .



Chapter 8:
Reaction Kinetics
WHAT Is RATE ? CATALYSTS

→ catalysts are substances
that

→ key insights
:

① Minute ants of catalyst
are

→ the changes in ant of reactants ,
or

increases the rate of reaction ,
used

,
but the quantity of cat.

products , per
unit time .

but remains chemically unchanged will affect rate .

"÷÷÷÷÷÷÷÷÷÷÷n. ÷÷÷÷÷÷÷÷:
""

::÷÷÷÷÷÷÷÷÷÷÷:FACTORS AFFECTING RATE
→ a type of catalyst

'

- yield of products
.

where the catalyst occupies

a different phase from ④ Catalysts also cannot initiate

COLLISION THEORY
reactions ,

and

the reaction
mixture .

→ in order to react with
other op,

→ often Cgl a. acting
on ⑤ They one

not used up

the resultant op
must collide :

during
the

reaction .

, ) w/ sufficient energy
above the activation (s , catalyst surface

.

energy : and
→ based on

"

adsorption
"

theory :

→ examples :

* process by which

z) in the correct orientation
'

p diffusion to surface es > hold or of
a ① Fe

,
in Nz -1314222MHz

(g) or Cl ) or
solute

that meets the above Z
2) adsorption as a thin film .

② Vzog
,

in 2502+0222503 .

→ a collision 3) reaction

criterion is deemed
" successful

"

.

4) desorption ③ Transition elements in

reaction will speed up if "

s , diffusion away from surface .
catalytic

converters :

→ hence
,

a

(rhodium, Rh ) 20 -12NO -726ft
Nz

a) frequency of collisions 9

(palladium, Pd 20 t Oz → 2oz .

b) proportion of or w/
4 > Ea T .

or platinum, Pt )

Factors :

① Concentration ② Pressure ACTIVATION ENERGY
→ gone , 9 rate → TP, 9 rate that colliding op

→ the minimum energy
→ as 9 freq . of w

" . bw °P
→ on brought closer test'

must posts , for a successful collision
*NOT reff.collisions! →

.

.

. gfeq . of colt. bw A

③ Temperature → only applicable to Cg ) to take place .

→ essential fer :

Boltzmann Dist 't graph :

a graph showing the dist 't of
reactions

') breaking
bonds in

the

energies of the op in a sample ④Catalyst
reacting

molecules

ataa given temp
.

#

a•
a Ppe:b:b:O

"

→ skewed z) overcome repulsive
forces .

. energy
→ not normally

" distributed

'iii..#sufficient 9f I
Mth to react .

E
ooo 4

a

# of op w/ insufficient
a
catalysed

auncatdysed ← uncataloged → why two humps ?

9 to react .

¥÷.÷:÷÷÷÷:÷÷÷:
"

:÷÷÷÷÷÷:&::::
→±÷÷:

mechanism of tea ⇒
curve & Ea El .

-⑥Ip:p!!n'of molecules
→ :. 7%+4soft 4 "

-

a
a.y

with energy
> Ea

→
.

.

. q freq. of
successful

increases
I : If Tt : collisions .

a
→ curve shifts (t )

→ peak 9

→ total area
under ⑤ Surface Area

""t.IN#:::E7-st.ne..i:y.t.heIni:Ftne→ a w/ energy
' ta

total sa & contact bw

Why does 9T 9 rate ? proportionally

→ are . KE of op
9 decreases. reacting a. .

→ .

-

.
I rate of reaction .

→ more collisions

→ more successful
collisions

→ more
molecules possess

molecular 4 7 Ea .



HOMOGENEOUS CATALYSTS AUTOCATALYST

→ product of a
chemical reaction

acts as a

→ a type of catalyst in which it occupies

the reaction
mixture

catalyst in the reaction .

the same phase as

eg 2MnO4
-

t 55,042
'

t IGHT → 2mm
"
T 1002+81-120

→ often occurs in Cg ) &
la9)

① why ?conc
n

ca
y
stores off Slo- ly

→ usually transition elements ' as

of reactant
,
sees giddy I ) ft ant of cat .

they can D oxid . state
- §then speeds -P

z) pg amt of cat .

→

FI:
"

iodine. penxodisulfate reaction 1,9€.IT"µEa%÷÷ 3)attain'tof
-

-
⇒ 520g"cag, t ZI

-

cag ,
25042

-

cant Izcaq,
-t y autoc .

t

w/o auto c .

mechanism :

a) 2Fe3tcaq,t ZI
-

gag ,
→ 2Fe"

Cag,
+ Izcaq,

b) 2Fe"
-

cag,
-1520g"caq,→2Fe3tcaq, -125042

-

caq,

② Oxides of nitrogen & acid rain

⇒ 502cg, t Nozcg, → 503cg,
+ NO

Cg>

NO
cop

+ I02cg, → N02cg )
503 t H2O → Hzsoy C ? )

③ Enzyme catalysis
→
"

enzymes
"

: biological catalysts
o specific characteristics

→ more efficient than inorg
.

→
since most enzyme

- catalysed cat .

reactions take place in Cag ) ,

they are examples of homogenous
→ no byproducts

formed

→ optimum
conditions :

catalysis
→ similar to inorganic catalysts ? zzoc

,
pH 7 ,

atm. p

i) it is not used up in the reaction . but

speeds it up

ii) it provides an
alternative reaction pathway

with a lower Ea .



Chapter 9:
Chemical Periodicity (Period 3)
WHAT ARE P3

* Mpc

5000K
⇒ low

ELEMENTS ? PERIODIC PATTERNS mp 's

some
⇒ high

Sodium C Na) PERIODIC PATTERN

OF MELTING
POINTS .

OF ATOMIC RADII

Magnesium (Mg ) ) Siamenttanic covalent → qiwcbynistai.dgtifzeinsstaheef.pt of ① gmp from Nato Mg ③ sharp 9 in
MP of Si

Aluminium (At ) radiusbeddedatom , then

& strength of metallic
bonding 9 & Because it exist as

Silicon ( Si ) - giant molecular → can by
ist identifying

the did ar
a giant molecular

VdW
how z nuclei of the

same type
. I cation size structure ,

held

Phosphorus ( P ) radius ofatom
,

that areot¥d'

¢ . a # of aelocalised e- tgt by strong

Sulfur ( S ) } smiomekaelar →
finger

than ar v
.

¥7
. . , -- . .fi.gg. .

.
.: r Foa bw cations d sea of covalent

bonds

. , no
overlap of e-

clouds '
g-

de localised e
-

Chlorine ( Cl ) atomic . q g needed to break metallic bonding

-
exist as unitary . atomic radius

decreases
AS

radius n
in Mg , compared to Na

Argon CAr)
cop you go across the period . *

\ ② y , g, in Mp from ④ I in MP across non -metal

why ?:}III!anion outer she"
e-↳ mg to

Al : ⇒ nopt.ee?Tmd group
3) note : shielding

PERIODIC PATTERNS →

said:
jump in

'a''nmhimoisinit . sexists as Ss . Pas 14 & Clack

→ as Ar = Vaw radius .
• difference in cation size bw My" &

OF IONIC RADII ② comparison among
Apt is less than diff bw Nat &

.

solely weak VDWF exists how no

ionic radios My
"

.

. hence g hag the 99 magnitude of Vdw

① comparison between ions cations
.

attraction bw e- too strong
to Hb

F due to greater number of e

'

'

and atoms
* from Nat-7 Si

"

,

P%c"
delocalize all 3 e- in A '

followed by P , then Cl -

*

CATIONS
( Nat, Mgzt,

At
" )

smaller ionic
radius ionic radius

decreases .

. cations have a -

why ?
* ionsoiethseoIIIYgasregat.ms/ions4 PERIODIC PATTERNS OF

than their respective
neutral atoms .

El # of e
-) n

why ?
1) lost e-⇐complete outer she"

lost ) 2) 9 # p ⇒ INC 1€ ELECTRICAL CONDUCTIVITY
2) remaining e

- more tightly
bound to

3) hence , outermost e
-

in 2nd principal
nucleus by P shed attracted closer to

nucleus . * Na , My, Al good conductor

③ comparison between cations &

of electricity .

* ANIONS C a-, 5-, P
"
)

anions → 4 and. 9 across
metal atoms .

larger
ionic

radius

* Anions have
the bigger

• anions have a
- -

Why ? → # of valence
e- contributed

to

than their respective neutral atoms
.

) ionic radius
.

the delocalized e

- cloud T .

→ they have one
additional

Why ?
' ) gained e- C⇒ full outer

shell of e
-

z, r repulsion
how e-

.

.
-

.

Whyi?] principal Tatum
she " -

* si is a semi - conductor
-
-

-

.

- -

.

-

.

.

- - - .
-

-
.

-

'

.

.
.

why ? → no delocalized
e- free to move

PERIOD 3 OXIDES PERIOD 3 ! within its smoke .

,
* P, S , Cl are electrical

I

REACTIONS OF P3 ELEMENTS
I CHLORIDES . inwsfy.la?toI, no mobile e- in Ss . Rid

"
2

-

WITH Oz . .

Si t Oz → Si Oz
, s,

I . . .
. .

,
.

. . -
- .

.
. -

. -
. . - .

-

Na 4.nabn.tgnozye.TO?Iaiam0ecs, Si . white flame I REACTION OF P3 ELEMENTS CHLORIDES OF P3
• white solid C Nazo)

• white solid ( Si Oz )

p
excess on 134-1502 → Kiowas ,

1 WITH Clz ELEMENTS
My2mg

+ Oz → ZMGO is ) c limited Oz) Pa
,
+ 3oz → pyo, es, g j

• Sit 242 → Sick
• bright white flame enow or white flame Nq

• Nat tzclz → NaCl
• colourless liquid forms Nacl Mgclz Alclzlanhyd ) Silly Pclg Szclz

• white solid C MgO) !finitefumes c pyo,o ,
I • yellow flame

= puts:Yidk
"

A 1246 l hyd)
• white solid .

simple

f)µ
4Mt 302 → 2h20, es, g 5+02 → 502cg , P

• 6×95%1124+1042→ 41" 15
→ colonies, gitmcture - 71971 - - molecular-

• bright white flame • blue flame I

Mg
• Mgt Clz → Mgclz • ( Itd Ch ) Pytbclz → 41713 ( , ,

• white solid ( Ahhh)
• toxic fumes ( 502 ) • white solid • yellow or while flame

. while fumes Ihnen added
-
Waihi!
£mayless

- -

react to yield
*
cc & Ar do not react with Oz !

/ to Hzo . . . white,

fumes of
=

OXIDES OF p3 ELEMENTS I Al:37¥'s?id
" """

S :3?:{ingesting:D pH , as z z z a

Element Bonding facialBase Nature IMP ↳ as (s ,
,
aluminium chloride exists as

Na → Nazo c + , ) giant stung base chnighoc , I Alclz & Alzclg ( deep . on hyd . state) Oxidation
-

ionic ( pH
-
- 13 )

+ I +2 +3 t 4 -15 + I

giant weak base high ↳ at T = go -zoooc ( pressure dependent), #

My
→

MI
( +2 )

ionic c pH = 9 ) ( 2852°C ) I
subliminal.on occurs

: aluminium chloride

Al →Atl+3) cwfdioanmteiowniaient amphoteric very high I is converted into Ahab -

character) ( pH = 7 ) ( 2072°C ) ↳ as TT , these dimers break up
into

Si →sic-14) 9 ianmtoiecular
v. weakly acidic very high

/
At Cb A .

p → Py 06 ( +3 ) simple strongly acidic

( 1713°C ) /
→ Paoloits ) molecular low REACTION OF CHLORIDES
-

C pH
-

- 2 ) ( 360°C )

S →SeoC +4 ) simmphfew.fr strongly acidic low I
→ so

,
Ctn Cph -- 2 ) c-Hoc) f WITH WATER

,
, companion

will undergo polarisation.
(& → 4205 ( +5 )

→ 4207471 ① NaCl tag → Nat
t Cl

-

releasing an hydrogen ion

REACTIONS OF OXIDES
WITH I

I ② [Mg C tho) , ]2+-2 [MgCHz0
)
,
OH]+ t Ht CpH

-

- b .5 )

WATER
.

• Nap + tho → 2 NaOH used to relieve • AGO, does not
react w/

I
,
,
,
e

. , Mgclz tag → My
Zt t 2C I

-

• MgO + H2O→ Mg COHL} gastric Pain water . ,
( neut . Hee ) However, it is amphoteric

:

, ③ Alzclg t 12h20 → 2[At (H2O),]
"

t 6cL
-

( 02
-

t H2O → 20h
-

) C⇒AGO, -131-12504 → A 12604 ) , t 3h20

• 1340,0 t 6h20 → 4h31?04 G) Alzozt 2NaOHt3Hzo→ ZNAAICOH

)y/
[At ( H2O), → [At (H2O),OH)

"
t Ht -11%7hugeI

• so
,
t H2O → H203 C Hzsoyttho-Hsoy-tth.to) • Sioz does not

react w

!w!!% non : , Al Clg → [Al ( H2O), ]3++3Cl
- Iaf# one

• 503
+ H2O → Hz 504 But it reach w/ hot

.
SO
,
-12 NaOH → Naso , + tho ⇒ sioz + 2 NaOH

→ Na 03 " H2O. I ④ Silly t 2h20→ Si Oz -1 4 HCL cg,
I

• 503-12 NaOH → Nazsoyt H2O

! ⑤ PCI ,
t 4h20 → Hzpoyt 5 Hclcg,



Chapter 10:  Group 2 FLAME TESTS

→ alkaline earth metals

→ outershell config of ns
'

→ reactive metals w/ low 4-tiny .

Mg -knightwhiteca-tendered

PROPERTIES
METALLIC RADIUS REACTIVITY (ABILITY TO REDUCE )

↳ half of the dist . bw
nuclei * 9 ,

d the group
-

in the giant
metallic lattice Why? . desp MNC

* metallic radius 9
,

t the gp
. 9 shielding from inner e

-

• A atomic radius
Sr - scarlet led Ba - applegreen

why? → valence e- occupy
a new

. f Foa bw nad. & outershell e

-

-
-

principal quantum
shell

further from the nucleus
o So A easier to ionise .

DENSITY METAL OXIDE + ACIDS
METAL + H2O

*
group

2 metals are denser than

group
I metals Cpatiently his Naik ) ① HCl : XO t ZHU→ XCHag,tth% * mg reads

differently with H2O.

② 42504 : XO,,tHzS04cq,→ xsoqyaq,
-1 Hzoa, depending

on
its take

③ HNOZ : XO
,, ,t2HN0zfg, XCNOdzcaq.tt/z0cc,

i) at 15°C : Mgc
,,t

2h20
,

→ My (OH)zg, -1 Hzcg,
METALS t 02 → effervescence of a

'

-

ALL az metals burn in 02
colourless gas

to yield white solid metal METAL OXIDE t H2O
-

*most az oxides react w/ tho
to form ii) at 70°C : Mg t Hzocg,-7 Mgocs, t Hzcg,

monoxides .

2X
,,t02cg,

-72×0
c s ,

metal hydroxides : ↳ exam expl : Mgcotl), is decomposed

Xo t H2o → XCOH), into Ngo at 9£

METAL + ACIDS
goLupul TIES OF GRP I * ca reacts more readily with cold water :

HCl :Xo,t2HClag→,Xclzctaq, "2cg) HYDROXIDES Caf,
2h20 Ca lOHL capt

H
2cg )

* +12504 : Xcsyt Hzsoqag,→XS0qaqµ, -1 Hzcg, Mgcoh),
-

insoluble *water solubility 9 .
•

t the ops ↳ Ca dissolves

I CalOHL ↳ so pH 9
,
t the ↳ cloudy white suspension'

*
the solubility of 62 sulfates srcothz }

soluble
TP of ca coms

decreases down the group Bacon )
z

why? → p%LhI. ↳ effervescence of a colourless gas

Figs! }
Cag ) *

ca coth
, appears

as a
white suspension.

Ca 504
Srsoy } cs ) sowBILITIES

OF 92

Ba soy -

504 f the group .METAL OXIDES * pH of group
2 oxides A

, I the gp . * sowbilities demean

- Slightly soluble
in H2O

MgO C pH
-
- I) why ? . tho solubility of geup?-hydroxides

mgguy
- soluble

Ca°

) dissolve
in tho to yield q

,

I the gp
Sr O

an alkaline
solution ca Soy

Bao (pH
-
- lo - 13 )

. hence more
OH
'

'
'Mises

syzygy } insoluble-
i

mgcotth C s ' *
cacotlh isAppzIcATIongopa@imlnimsbinsBofusO64.caC OHL ( slag) technically
paddy soluble in H2O . METALS

Sr Cottle (aq ) For exam
, Say it is

Bato ")z Cag , TNsE. * caw
,
building;

""

THERMAL DECOMPOSITION
OF
\ expensive

tiles

\
cement

62 Ng
- & coz

2 -

* nitrates : M( Nag)z
→ Mot 2h02 + I02 * Cao - wasted w/ day

to

Cquicklime ) form
cement

* brown poisonous Cg)
observed

-
used in agriculture

to

* carbonates : M coz →
MO + 02 * Ca (OH)z

treat acidic
Soils .

( limewater)
*

effervescence
observed

↳
therm .

stab. of co
,
f down

the go
-p'

⇒ mga,
→ why?

⇐ co
,
}can

be deeomp - l ) I the qp , cation
size 9

by bunsen flame

2) .

'

. t change pSr coz

Baw
,
} cannot 3, so anion suffers d polarisation /

distortion



Chapter 11:  Group 17
PHYSICAL PROPERTIES
PHYSICAL STATES BOND ENTHALPIES

F rfp : colourless gas IN HALOGEN " X-X
* why does Fz not follow the

2 * decreases from Ck to Iz
Bp: -188°C trend ?
Mp: -220°C Why?

→ atoms get larger down → atomic rad . of F is too

rtp : green gas small .Clz the groupBP : - 35°C
→ each atom has 3 lone pairs

:

Mp : - 1010C → so

bond
length

T

as the bond is short ,
the LP

→ so effective overlap of

rtp : red- brown liquid outermost orbitals
t

get close enough to cause a

Brz ( brown as vapour) significant
amount of repulsion

-

BP : 59°C → so FOA I

→ this repulsion
is strong enough

MP : - 7°C
Mpf Bp / VOLATILETIES to counteract the attraction

bw

T rtp : purple- black solid
-2 ( violet as vapour

) OF HALOGENS the bond pain &
the nuclei -

BP : 184°C *⑨down the group
MP : 114°C

why ? → rice
- ) 9 w/ Matomic #

*when dissolved in cyclohexane → strength of Vdw
F 9

( organic
solvent ) :

→ 94 req.
to overcome

• Ck is very pale green
FOA bw molecules .

*
• Brz is orange "

volatility
"

: the ability of
• Iz is purple halogens to evaporate '

CHEMICAL PROPERTIES
THERMAL STABILITY

OF

RELATIVE REACTIVITY AS

HYDROGEN HALIDES

OXIDISING AGENTS
→ we can identify the reactivity * thermal stabilitydeceasesdown

the

why
? → ionic rad 4

* Fz > Cl , > Brz
7 Iz

by observing the displacement
group → q bond length

→ corresponds to trend reactions .

① ZHI → Iz -1 Hz → jeff. overlap of
outer she"

in electronegativity ' Cl
z

Brz IZ
→ zof of sample decomposes

to w/ H2

- release purpletimes,
at 430°C

→ I bond energy

Why ? + Nacl -
-

if a hot glass
rod is placed in HI,

→ atomic radios
9 down the grp

*

→
.

.
. I 1 Foal how p

in nucleus & + Na Br →

7,934,

-
- decomposition immediately

occurs

outer e
-

+ Na I → Nacl → Na Br - ② 2hBr = Brz t H2

→ shielding effect
T down the GP t Iz t Iz

→ at 4300C ,
to

- /. of HBR decomposes

to release red- brown fumes
→ despite RNC

REACTIONS
WITH H2 ③ HF & Ha do not decompose

and it's desc .
up to 1500°C .

ega . . .

Hug, -1 Ecg,→2HEg,
ExpulsiveII:L REACTION OF HALIDE

IONS

conditions
WITH conc . Hz504 Why ?

→ conc . Hzsoy is not a strong
explosive reactionH

2cg)
+ Clzcg, → 244cg, in sunlight . Cl

- NaCl

-4,42504HCYG
" SO

44
)

enough oxidising agent
to

- white fumes of HCl produced oxidise Cl
- into Clz

I Cl
-

one not strong enough reducing

Hz
,g ,
t Brzeg, -72 H Brag,

reacts slowly °P"

agent to
reduce H2s04

heating

Hzcg, t Iz ,g,@ 2HIcg, forms an equilibrium • Br
-

Na
Brent

HzS04
HBrig'sNa"""" W→hYfg.

are sung enough reducing

upon heating ' zu Brag, + Hzsoq,,→ Brzeg,
t 502cg,

+ ZHOU) agents
to reduce H2504

TEST FOR HALIDE IONS - reddish brown of Brz produced ( 2Br- → Brz-125 )

good!;d%eitdtwo
""

I! ( Hzsoytzttt -1 2e-→ so
,
-12420 )

* reaction between acidified

silver nitrate and halide
• I
-

Nates, + Hzsoyu,
→ HI

, g)
t Natt 504

es,
Why ?

compounds yields
a Ppt → I

-

are strong enough reducing

① Ag CL
-
white Ppt happen / I . 2HIcg, + Hzsoyc,,→ Izcg, -1502cg, -1 2h20,, , agents to reduce Hzsoy.

- readily soluble in NH's
at the C → in fact , it can reduce it in three

( Agc, + 2mHz
E [Ag CMHz]

"
+ CT )

same
2 - GHIcg, -1 Hzsoyc,,→ 312cg, t Scs, t 4h20Ci ) steps :

time .

② Ag Br -
cream Ppt (3 . 8HIcg, -1 Hzsoyc , , -7412cg, -1 Hzscg,+4 thou, . Hzsoy → 502 ( + b → +4 )

- only soluble in
concentrated NH,

( agBr+
2MHz I [Agent's

)It+ Br
-

)
- for all : purple Cg ) of Iz observed

. so
,
→ s ( tY →

O) *
we can use

- for (2 . ) : S seen as a yellow Ppt . s → Hzs ( o →
-2) Hzpoy to prepare

HI .
③ AGI - pale yellow Ppt

- for (3 . ) : Hzs
has a Pungent Sme

"

*
any

residue of HI
wi"

why ? → weaker acid

-
insoluble in NH's resembling rotten eggs .

be contaminated by Scsi than that -

regardless of conc



REACTION OF Clz W/ NaOH Cag)
* Clz reacts differently w/ NaOH

depending on
the temp.

• with cold NaOH
caq,
-
15°C

④
+ 2N"" →MY

+ Na ° + "" §&%÷%¥
""

they undergo
• with hot NaOH

cap
- 70°C disproportionation .

⑤
+ 6 NaOH → 5 NaCl + NaCl Oz t 3h20
-

-15
o

- I

→ more vigorous redox reaction

AND ITS
COMPOUNDS

USES OF HALOGENS Bra , Ed Che
BROMINE

→ anesthetics with the
chemical

CHLORINE ( AND ITS
• agricultural

chemicals

COMPOUNDS ) name of
2-bromo - 2

-chloro - 1,1 , I - trifluowethane
• flame - retardants

& fire extinguishers
1) Chlorination of H2O

(halothane)
→ bromine gas

is denser
than air

(→ ) Clzcaq, -1 H2O
→ HChao " "" Olaes

→ so it can
act as

a
cushion

bw

:

÷
:

ici
:

I I
. .

→ chloric CI) acid ,
HUO, decomposes

fine & air
:fi- C - C - Br :

slowly in water to release reactive
. .

. .

I 1

oxygen atoms that can hi" ba"e"

FLUORINE : F : H

in water.
. -

Hao → HCl + [
O]

• exists as
the polymer of Why ? → due to high bonds of

2) Bleach poly C tetraflawethene ) ,

ie teflon 3 C-F bonds
,
it is inert

→ safe in Cag) environment
→ made up of equal mixture

of
→ commonly used as a

non
-

Nacl & NaCl O in body .
stick coating

on pans .

→ oxygen
atoms from chlorate C I ) ions

can oxidise dye and
other coloured Why ? → c-F bond 4 is 94

→ so 49 thermal stability
.

compounds.

3) Antiseptics & disinfectants

4) Chlorinated C compounds,

e.g .

solvents & plastics C PVC )



Chapter 12:
Nitrogen & Sulfur
NITROGEN NITROGEN DIOXIDEExists as :

* why is Nz unreactive? y I - *

Noznaturallyoccwsi
neutral molecule

anions

→ exists as a diatomic molecule with cations
- How ?

which has high bond C exists in a ① NH3 ① N°3 ① Lightning provides the Ea
a hiplebnd cation )

on
. - polar ② NO

,

-

for the reaction bw

energy . ① NHI
'

Ht Tie
"
"" H

-

phjkm.ie!, Mcg,t0zg→2N0cg,
H Nz & Oz

→ hence 994 needed to break it - - 1oz
.

→ Nz does not react with 02 under
② NO

. pow
② No will further oxidise

atmospheric conditions -

.
;j=j: - colourless gas

into Noz
ZNO

cgs +02cg,-32N02cg,
- 180

.

- linear

Why ? → 9 bond 4 in NZ *
has a radical :

③ NOz dissolves in water

→ 9 Ea in reaction
an atom w/ a single to form HN03 .

2N

02cg, -1 thou,-1402cg,→2HN0qag,unpaired e-

→ endot . reaction & NO
, is also created via

* However
,
in car engines . Nzd 02

do ③ N°2
man - made sources.

react to form NO.
:p
.

¥:O: III. in
-

① Nitrogen oxides are formed from
→ the 99 T & p in car engines

④ Nath, (hydrazine) fuel combustion in car engines
provides enough 4 to break the bonds

, - fossil feels for"

EAN-j
rockets under Mp ,

T
& provides Ea for the reaction-

µqq Aqap
,

' "" 't - trigonal Pyramidal

① Produced in power
stations &

at N

FORMATION OF ACID RAIN -

lot
furnaces .

* No
,

is a pollutant as it

catalyses the formation of SO
,

N Hz & Ntlyt COMPOUNDS

via the Haber process
: * NH, uses :

* NH, is manufactured -

from 502 .

,) involved in the production
Nz t 3 Hz T 2N Hz

502cg, -1 Nozcg,→ 503cg, -1 Nocgs of nitrogenous fertilisers
→ NH

,
is a weak alkali in ( aah )

:

through reactions with acids .

N I02cg, → NO
2cg, NH,

+ H2O I NH4+ + OH
'

z NH,
+ Hzsoy → C NH4)2504

⇒ SO
, formed will then react w/ H2O to ✓

3mHz + Hzpoy
→ (NHY)z POY

p acceptor
form 1-12504 , leading to acid rain

503cg, -1 Hzoce , → Hzsoycaq ,
* Ntlyt compounds can easily be identified 2) involved in

the manufacture of

by heating it with a stronger
alkali lieNaOH) . two, cage,

→ HNO
,
is used for :

Why is
acid rain bad ?

-
- observation - effervescence of NHS ,

which turns damp red
litmus ① make NH ,

NO
, fertilisers

1) - teaches nutrients from the soil
② explosives

paper
blue.

- so prevents healthy growth
③ detergents , paints, pigments ,

of plants *
AI NHI

'

compounds are
.

dyes and nylon
2) - increases conc. of heavy

metal ions in water courses *NHys"

3) cleaning agent
3) - attacks leaf cuticles C waxy layer)

, N source in fertilisers 4) refrigerant
- leads to 4 water loss and

z) explosive 5) explosives
9 susceptibility to plant diseases

* Why don't we add CACOH)z to soil

4) - I pH of water 6) nylonwith NHyt fertilisers ?
- so aquatic organisms

are
killed

→ loss of Nz in the form of

5) - corrosion of buildings
and statues

Cesp . those
made out of carbonate rocks) NH, cg,

ENVIRONMENTAL PROBLEMS 2NHy a t Cacothz
→ 2NHzt Cachet

2h20

CAUSED By N COMPOUNDS

① - Noj can be washed , or
leached out of

the soil , by rain
into ground

water .

- there , they can undergo eutrophication :

-
-

→ the enrichment of a body of water

with an excess of nutrients .

Y
,nenareduadi"

.

3)

deathofaguah.co#isms,
leads tobactericides

4) hence
mass death of organisms

due

to low concentration of Oz
-



SULFUR USES OF Has04
- non - metal . fertilisers

. dyes . batteries

- exists as Sg ( yellow ( s ' )
o synthetic . cleaning

metals
. detergents fibres

502 . paints* 5oz is considered an
. chemicals

. polar. environmental pollutant . . pigments
• plastics

* sources : How can we
reduce its

1) combustion of fossil fuels polluting effects ?

2) extraction of
metals fwm I) add Cacoz to burning coal

sulfide ores to neutralise SO
,

3) volcano eruptions '

2) use desulfunisation plants to

reduce 502 emissions from

furnace chimneys .

→ gases
washed w/ Goth caonxiheesgog

'I .

→ the 3 main pollutants that one pool in
* Nz occupies the ⑨ prop.

THE HARMFUL EFFECTS OF in exhaust fumes .

→ due to unreactivity .

VEHICLE EXHAUSTS
car engine

exhaust gases
are

→ exhaust fumes also contain Hzocg, & coz .

* CARBON MONOXIDE
why? → common products formed through

→ formed from incomplete combustion
fossil fuel combustion.

of fuels CATALYTIC CONVERTERS
→ exposure

to CO reduces the absorping
→ used to remove the 3 main pollutants .

§ ability of red blood cells

y → as haemoglobin
has higher attrib

Topay
,

lying
:

quot
Or → 202

to CO compared
to Oz .

" Cx Hy t (set Ey ) O , → xcozt IH2O÷÷÷÷÷÷÷:÷÷÷÷÷:÷÷: :÷÷÷÷::÷:÷:÷::the nose & throat ,
and the

=
→ toxic gases

not removed until the

of obstruction of the airway'
catalytic converter is warned up

I * NITROGEN DIOXIDE
→ efficiency decreases over

time
.

s
° → formed from the reaction bw Nz &

E Oz in the engines .
E

→ catalyses
the formation of acid

*

If question says
:

rain

• the oxides Een
be oxidised : Co

,
No , SO,

→ causes
breathing problems.

ou::÷÷÷÷÷:::::c. :÷÷÷÷:::nLn7÷÷÷:NO

global direct
irradiance

at the

Spontaneously-
Earth 's surface

→ due to f presence of aerosol op

in atm
,

caused by pollution /dust

volcanic eruptions
↳
just rmb

be § I dejaegs.gg.
→ that reflect sunlight

back into space .

→ photochemical smog
→

smog produced when UV reacts

w/ nitrogen oxides in the atmosphere.



Chapter 13:
Intro to Organic Chemistry
UTILISING STRUCTURAL

FORMULAS 3) propanol -

'g-f-I - o- t' DISPLAYED FORMULAE
↳ shows how the atoms one

⇒ CHZCHZCHZOH → shows both the relative placing
bonded to

eachccrbon-atomi.tt
' T' of atoms & the number of bonds

in the a 4) pwpan- 2 -ol
µ . c
- c - c - H

*
L → R I I I between them

.

H OH H

*
show c=C bonds in *ALL bonds Shown !

⇒ CHZCHCOH)CHz -

the formula . -

exempts 5) but -2 - ere - c=c -c
'
-

1) 491-1391
* brackets indicate I dug

' STEREOCHEMICAL FORMULAE

H - C - c-c - H
we are

"substituting
"

groups into the ⇒ HzC= C (CH, )CHz → shows the Epe of a
molecule

it It It formula. as well as the # of atoms of
6) ethanoic acid CHZCOOH⇒ CHILL) CHCCHZ) CHIN O f, o

each element oh the bonds -

H H 11 I it

7) propane diol
acid "

H- o - C - c - c - 0
- H H

a
i away2)

H -c'=d - H =

I

⇒ Hzc=cH, .
*

only for
C
"

two carboxylic u eg I Hq towards

do we
have to an'd

I Tq
"
"
.

c

Show -

⇒ HOOCCHZCOOH c I same

plane

8) pwpan
- 1,2 - did i

"

it
' it

H - C -C -C
- H

I I I

It H H

⇒ CHZCOH ) CHCOH) CH
,

SKELETAL FORMULAE FUNCTIONAL
HOMOLOGOUS

Group
→ a simplified representation of an organic

structure
SERIES

→ anatomy groups of atoms
in

→ elements of the same
an organic molecule that

→ the displayed formula - homologous series display :
* determine the

characteristic

BUT ! ALL C atoms & He bonds ONLY 1) same functional group : reactions of a homologous
-

2) same general formula 's series .

are omitted .

3) each consecutive member differs

by CHL / chain length increments

of;a÷a
.

④,, pen... .. . / ,;÷÷÷;÷÷µgqq. . ,,
. . . ,µ.

② 2,3 - dimethyl hexane : ⇒OH

g) similar / like chemical properties .

Yu o

⑤ 1,1 - dich lowpropane , HS FG
③ penton - 2 - ol c,

- -

PH M alkane -
"

C-C
' '

N c'
alkene -

"

C-- C
"

⑥ ethyl ethanoate halogenalkane- primary / secondary ) tertiary halogenalkane

o
alcohol -primary / secondary / tertiary

alcohol

It carboxylic acid→~
on carboxylic acid

aldehyde - aldehyde
ketone
- ketone

"

ORDER
"

OF A MOLECULE
R

* primary :
MR

, * tertiary :p
.d,

- x

H - C

,

- X
R

H

R R i alkyl chains
*

Secondary : I ( city , CHZCH, etc)
H - C - X

I
X : functional group

R
C-OH

,

- oooh etc )



functional group
characteristic shape I bond 4 additional info
contains C -C tetrahedral / 109.5

'

1) alkanes

contains C= C trigonal planar
1120

-

2) alkenes

3) cyclic carbon chain joins to tetrahedral / log . S
-

all cyclo alkanes one

hydrocarbons itself to form a ring non - planar Cexcept

cyclopropane )

4) halogenalkanes contains C - X tetrahedral / 109.5
'

contains :

( X = halogen) F → fluoro-

CL → chloro -

Br → bromo
-

I → iodo -

5) alcohols contains - OH tetrahedral / log . so g Bp than other organic compounds
.

( suffix = - anol )

Why ? → H bond bw oho

=

6) carboxylic contains - COOH trigonal planar 1120
"

acids C suffix = -oic acid) ( at
-o . H
)

7) esters formed by reaction bw trigonal plan
- 11W

'

( inof
alcohol & carboxylic

acid .

(at ,
o

)

contains ( the- Y - H) trigonal planar1120
"

8) aldehydes ( suffix : - at)

"

°

9) ketones contains Rec - r trigonal plan#w° . not necessarily same R

( suffix : - one) . first member is propane

. for pentane and up, you
hare

to indicate where the
' '

- one
"

is.



NAMING COMPOUNDS

3wpwpanal
Prefix stem stem

-

suffix

Suffix

SUFFIX
STEM
→ # of atoms in

LoNa
→ oxygen

-containing groupspresent
in the compound .

carbon chain . ) - al → aldehyde
✓

I → meth -
*not necessarily -one →

ketone

2 → eth - the most
- ol → alcohol

3 → PNP
-

' '

visible
"

one .
- oic acid → carboxylic

acid

4 → but -

5 → pent - PREFIX
6 → hex -

→ non . oxygen containing groups
which

. C chain .
'
' substitute the H along

STEM SUFFIX
→ type of C-C bonds that

CH
,
→ methyl -

occur in the compound - CHZCH, → ethyl -

- an → C -C bonds only CHzCHzCHz → propyl
-

- en → I C -- C CL → chloro

Br → bromo
- dien → 2 C - C

- tien → 3 C =. C
- OH → hydroxy

RULES !
① ④ # given

to prefixes .

② Pos . of prefix denoted
as a # i

a dash is used to separate #
&

word .

③ like prefixes
can

be combined w/

one another ,
and one preceded by

di -
,
hi - or tetra

-
to show

multiple

substitutions .

④* Priorities in parent chain numbering :

Prefix → stem- suffix → suffix
⑨

④
Crop suffix Prefix

⑨ carboxylic - o;c acid -

acid

ester - oate -fi:: :: :÷:alcohol - ol hydroxy
-

alkene - ere
-

✓

alkane - ane alkyl
④



→ same molecular formula
ISOMERISM → diff. shekel formula

a. .. ÷÷÷::÷t → .
:::::::n.

I
thus has

structural
straighter shape

→ cis has perm
. dip-dip F

position entrain) Fa optical \ cis-trans . & Vdw I trans
on'T "

W
→ .

.

. better packing / arrangement .

→ .: stronger
IMF .

GEOMETRICAL CCIS - TRANS )
CHAIN

↳ arises due to restricted rotation

↳ isomers differ in

their
from presence of

2x bonds

C skeleton . *each C atom

on either end

Br Br
Br Cl

of the 2x
bond

eg ~ In a l i '

(ZEUS
)

C=LC=C muse be bonded

I \ I \ to 2 non
-
identical

Cl Cl Ci
Br

POSITION Fas .

trans
↳ different positions of

FG
-

↳ same C skeleton , same Br
Br Cl Br

( 3 Fhs)
I
c = c

/ I I

homologous series
,
same

Fhs -

C = C

' TH / I
OH Cl

Br H

eg Not In cis trans
- -

FUNCTIONAL GROUP cyfhs)

④c ,
F

c ,
* for 4 Fas :

\ I I r analyse p #
-

↳ isomers have different
Fhs

C= C C = C
→ identify ar

Fa on

↳ different chemical & physical Properties
.

F
' '⑤⑤LOIcus

,
and RHS .

trans cis
- -

eg no
.

ok
Caldehyde) Cketone)

OPTICAL

→ exist as 2 non -super imposable
* Racemic mixture

:

→ mixture that contain
= ants of

images each optical isomer
→ occurs when there is a

chiral

→ optically inactive .

centre in a molecule .

→ characteristics of
chiral of :

1) optically active

2) displays a pair of own -

Superimposable optical isomers)

enantiomers .

→ n chiral

centres
⇒

2
"

optical
isomers

→ optical isomers hare like physical &

chemical properties
-



TYPES OF ORGANIC REACT IS .

" ④
primary

HR
.

I
,

- H

why ?
HOMO vs HETERO LYTIC FISSION

1) allege are e
-

donating

bouta.am, at \
,
uneven weaning qyyggan.mg/-Jmdh?.g. , ( stability . z ,?qps#gcajyyeignyd.name, ,each end of the bond of a covalent f

t

leave w/ I e- from bond . -
, , r

attached
,
t Qp

a pair that formed tertiary

→ + ÷±.

""ita- a -

in
sustaining .

NUCLEOPHILE v ELECTROPHILE

d I
donator of a pair

receiver /acceptor of

of e-
a pair of e- .

↳ * not all nucleophiles
↳ strongly attracted to

one - rely charged ! alkenes & benares .

eg
OH
'

,
CN
-

,
NH
, eg NOT, Cla . Bra .



Chapter 14:
Alkanes 

→ general formula
: C.ntlzntz

SOURCES OF ALKANES
TRENDS IN PHYSICAL PROPERTIES CHEMICAL PROPERTIES

i alkanes can
be harvested fwm

1) Bp in aliphatic alkanes T
,
t → generally unreactive '

cn.

↳ # of Vdw F 9 why ? I) C-H bond 4 AM ↳ a complex mixture of Hc :

alkanes, cyclo alkanes
&

↳ as # of e
- T

z) fly y - wily diff. bw C & H
aromatic compounds .

2) Non- polar ↳ non- polar bond two methods :

' ) ( physical
) fractional

distillation

↳ soluble in non
-polar solvents leg ccly ) ↳ too charge

neutral to attract

→ the sep . of a
mixture

into

↳ insoluble in polar solvents leg tho ) nucleophile or electrophile -

its factions by BI
.

ALKANE REACTIONS z, ( chemical coaching

COMBUSTION CRACKING

↳ the process
in which large,

less
. applications

:

Oz supply -is reaction
ugefu,

He me
we broken

down
,) fungi , , 99 demand for

-

excess cnttzntz + ( Oz→ ncozt Cnt ,) H2O into smaller ,
more useful Me -

gasolinefracas* - - - i

eg
C,oHzy→ CgHigh

Cs Hib
" +d

Cn Hantz -1 (E)Oz → nco + anti) H2O I z) coaching yields
It BP alkenes '

• cdiesel)
!
(gasoline) ,
--

-
'

which we reactive .

v. Ild -

Cn Hantz -1Ez' ) Oz →nd+ C"" H"
. types : ↳ hence these can

be ↳"Vetted

* recap :

consequences of CO
:

1) thermal - 99 if , MP into a variety of compounds
'

' ) global dimming
27 catalytic - 99£ ,

suitable catalyst eg plastics .

2) photochemical smog

(Sioz , Ahoy ,
Pt ,

zeolite , pumice,

FREE- RADICAL SUBSTI ceramic)

i - Alkanes undergo
subs-11 reactions

w/ halogens . • mechanism :

egg
CHy t Clz → CHZCI t HCl

① Initiation
* it is a redox react ' ?

Two free rad . we formed through

Mechanism homolytic fission
.

① Initiation : eg CHzCHz → 2CH3 .

Hemolyticfission
of

ctclbondfrom uv light generatesZte ② Propagation
-

-
-

i) H abst . : a free radical removes theradicals.
clz → 2cL .

-

H from another larger one.

creating
another radical

② Propagation :
CHz . + CH3CHz → City + CH3CHz.

Free radicals subsequently attack

the HC molecules , leading to #
a chain reaction .

ii ) Radical deeomp
: a free radical breaks apart

eg CH3CHz t Clu → CHZCHZ . + HCl

into an alkene and another

CHzCHz . + Cl-Cl → CHzCHzCl + c" free radical.

i
,

Cg CHZCHZ . →
CHz=cHz

t He

③ Termination

The chain reaction ends when two

radicals combine to form a oh . ③ Termination

eg
It . + oh → H2 i) Recombination : two radicals combine

cuz . + Cl . → cH34 to form I longer To
"

eg CH
,
. t CH

,cryo
→ CH3CHzCH3

ii) Disproportionation : one radical transfer a H

ahem to the other
,

yieldingone
alkane & one

alkene .

eg CHIT CHzCHzo → CHy
t cHz=CHz



Chapter 15:  Alkenes
CHEMICAL REACTIONS

aliphatic alkenes addition with several reagents .
i Alkenes undergo electrophilic

-#f : Cn Hzn
*Note : ↳ addition roth where

Since aliphatic & cyclo alkenes →
c=c rich in e- a TI bond is broken

-

contains C=C

g.× : - ene dog,=7t
share a common

⇒ attract electrophiles. ainndpowzweftedbonds .

they belong in different

cycloalkenes ADDITION OF Hzcg)
homologous

series !
high temp , Ni catalyst ore Bf Ni is preferred over Pt '

- a type of alkene HC
conditions

rtp . Pt catalyst
despite needing

9T to function '

reagent Hzwhich contains a closed ring
product alkane Why? → Ni 1$ & Tabard . than Pt

of C .

ex .eqISI ) CHz=CHztHz→cH3CH3 → so qq Ni can
be used

-
does not display aromatic

→ even if some Ni poisoned ,
character. 2) t Hz →

enough
Ni remains for

PHYSICAL PROPERTIES ADDITION OF Hzocg, reaction catalysis .

Bp
SOLUBILITY

conditions 3300C, Grupa
,

HzP04 catalyst

:- the BP of alkenes are very
→ non - polar . reagent Hzocg,

similar to the BP of their f

respective alkanes ; however . soluble in
↳

insoluble in product alcohols
non- polar polar solvent

the BP of alkenes are usually bw solvents ex . Eg'd CHE CH, t H2O → CHZCHZOH

Why?
→ 2 fewer e- Cthan alkane ) cegccly)

leg H2O)

→ " tVdWF ELECTROPHILIC ADDITION OF HALOGENS (Bk)

ELECTROPHILIC ADDITION OF HX Cag)
• Bra in organic

solvent . eg cc 14

conditions room temp conditions room temp

reagent conc . Sol . of HX product halogenalkane

product halogenalkanes eq ? cHz=cHz + Brz → BrCHzCHzBr

mechanism
ex . egas 1) CH3CH=CHztHBr→CHzCHzCHzBr Cminor ) - :B

.

÷ i

f
s-

pr,↳
CHzCHBrCH3 Cmajor) St Br it Br I H Br Pr ftReaction mechanism of electrophilic y I

⇒ I
+ I ⇒ I- c - c

addition to alkenes H - c=c
- c - H it - c - c

- c - H
H -

- H

I I l I, I,
'
H t't

'

H
'

H
( HBR + propene ) H H H

" H H H H H H H H ie bromine water
I
x
.

I I I l , , , ,

• Bry in H2O ,

H - C

#
C - C - It ⇒ H -

Ctc
- C - H If. . H - C - C - C - H conditions room temp

( I

4
. I

I I I
' H H f H

H Br t,⇐ducts halogenoalkare &
alcohol

H St
(major)

Iris. :BI- : u if it , specialised
test for alkenes .

° ° )

or H - C
- C - C - H

or
-

p oxidising agent .
- H H H

'

Br Ll '

H
' ' '

ACIDIFIED KMn04 ( aah)
H - C - C - C - H OXIDATION WITH

④ I I

( H H
. cold ,

dilute KMn04 *note :

( minor )

:&!- i eq't 1) CHz=CHz + Hzo + [O] → HOCHZCHZOH Kzcrzoy can
't react I

-
°" as it is

not strong enough
÷
Why is 2 - bwmopwpane more prevalent than 27 t I0 ) t H2O → on as an oxidising agent

.

I - bwmopwpane? observation KMn0y dewlourises

• Markovnikov's Rule - when HX is added

to a ⇐ c
,
H will attach to the C • Hot

,
concentrated KMn04

i Under harsh conditions ,

atom w/ themosc=c is broken Emp't'T

2-b has a secondary
• Intermediate of H O

but I-b has a primary case I : a

×carbocation
,

C = → C

'
"

carbocation. H O

( carbon

secondary is more
stable than P"mWT

H µ
dioxide) Ho

\ \

because of the
tve inductive effect case 2 :

c = → y=o → c=oI , I

of alkyl groups
.

R
, R

,
Ri

( aldehyde) ( carboxylic
acid )

R
,

R
,

case 3 : i
'
c = o

c = →

I I

Rz Rz

( ketone)



ADDITION POLYMERISATION
conditions either Tip ③ Poly C propene)can react with

each -

i "
- Unsaturated compounds er ziegler-Natta catalyst
other to form polymers .

- Addition polymerisation
involves the eye nczth, → fcztiyt

monomer

,

=I!? Polymeri
,

breaking of IT bonds
,

and substituent'T
Examples of addition polymers n

characteristics uses
the linking of monomers .

① pvc ( poly (chloro
ethene)) ,) non - biodegradable I) meshes for

Ref
z, unreactive C saturated) medical

uses

polymer a long chain molecule made up

of many repeat
units monomer

⇐,!
Polymer-1¥

,

-f 3)done:Onot
absorb

Monomer a small reactive
molecule that

links together
to form long

chain

n

molecules

repeat a small unit from
the polymer

unit chain that can
be built up by ② Poly Cethene) : high vs low density

repetition . high -

veg
little branching low - high # of branch

along HC chains chains

- Mmp d strength - flu MP & strength

( 99 Vdw. TSA ) ( flu Vdw ,
It SA )

- 99 density
- It density

Disadvantages of using poly Calkene)
plastics

① Disposal
↳ poly Calkenes )

exist as large or ↳ they
also take up

↳ so they are resistant to chemical landfill space

attack ↳ and is dangerous if
↳ & are non. biodegradable

'

ingested by
Maine

② Burning of
Plastic Waste life .

↳ releases
toxic gases .

eg£0C incomplete
combustion )

↳ for CN
-

containing polymers .HENis released

↳ for a
-

containing polymers.
tfl

is released

↳ Hce is thermally stable
.



Chapter 16:  Halogenoalkenes
if 's Halogenalkanes

are halogen
derivatives of

physicalpapert
alkanes .

* Their Bp 9 than altered & alkanes

perm
. dip . dip tenpdip . induced dip - /VdW

CHZCHzcl.CH, CH Br CH," "

why ? → presence of ptdd
F & tdid F

classification have
-
-

→ alkenes & alkanes only
classify halogen compounds as either

⇒Yen.mangygo ,
, secondary co

) or tertiary
"
° )

'

weak vdwf

/ t
v U

R
'

H R
I

I I

HIR - C - Cl R - C - Ce r - C - Ce

I I
I

H H R

CHEMICAL RCTIS OF
* Heating

under reflux .

HALOGENOALKANES why?

I ) allows
⑤ to be kept

at

i Most rates of halogen
alkanes

why does
this happen? ie ; Bp

,
to 9 rate

are nucleophilicsubst → be carbon- halogen
bond is

se,
S-

2) prevent evaporation
of volatile

→ this occurs
when ar¥Ph¥ poker , as halogen is 94 -ve

Rj?-Cs! organic compounds
attacks the wb°gfbond .

than C . r , C
- Br

3) ensure full rata
bw halogen

-

St S-

NUCLEOPHILIC SUBSTE W/ OH
-

.
r - c - I

alkanes & reactants .

reagent NaOH or KOH
caq,

8×91 CHzCHzBr t NaOH → CHzCHz0HtNaBr
Mechanism of nuc substn w/ OH

-

conditions heat under reflux -
-
-

product alcohol ppt observed
. - - SNZ H

Ratesofnut?f÷gs7I relative rate

±
ersatz 't immediate'T Hsc-⇒ Br /I'it - OH + : Br

-

'

'
'wagecremationby adding Ag cat e cHzCHzBr after 2

mins

F
after to

mins

to the solution .
'of¥ after a veg long

time
Snl

⇒ any
halide ions

formed
will form

£ CH
, CH's

, ,
: Br
-

CH,
ppt . Hsc -CS'3rs

-

⇒ H,, c④ ⇒
I : Br

-

can be done
, q Hsc- C - OH

* a similar ret'
tonucsubst? I : OH

-

I
CHz : OH

-

CH

by adding hotwa
.

*
3 Crb

SNZ vs Snl↳ hydrolysis
.

T T

Br + H2o → CHzCHz0Ht
H Br

- 10 & zo
- 2° & 30

eg CHzCHz
- I step

- 2 step

Note : - slower
than w/ OH

-

( transition) ( intermediate)

- OH
'

more effective
nucleophile

than H2O
NUCLEOPHILIC SUBSTI w/ CN

-

IONS

ELIMINATION reagent ethanol:c CN
- C KW )

reagent ethanol:c NaOH or KOH *can elimination be done?
-

conditions heat under reflux
(dissolved in ethanol)

req :

condition heat under reflux ↳ neighbouring
C w/ H .

product nitriles (⇐N )

product alkene ie ( §
-

ft ) exega
: CHZCH, Br + CN

-

→ CHzCHzCNt Br
-

ex eq7 CHZCHBRCHZCH, t OH
'

→ CHZCHECHCH, + Br
-

mechanism :
-

NUCLEOPHILIC SUBSTA W/ NH3 H
I St S-

reagent ethanol :c Nt's Hsc - c
,?- q⇐ n)

'

→ He. ¥
,

-⇐n
condition heat in sealed

tube

H

product amines ( - MHz)

CE N

exeq't CH3CHz Br t NH, → CHZCHNHZCOOHT HCl + : Br
-

A 2 liesof nucl. substn w/ CN
-

ions :

mechanism :
I
-

- i '

- This process can be used to synthesise
it H

" "
H new compounds w/ one more C atom -

H - C
- c -

t.
"
"

→ (Br "
s ) → us

!
+ : Br

-

→ Hsc . c
'

- H ↳ the nitrile wmpomds can
then

)
I be hydrolysed

to form carboxylic
+
✓ NHN

I 2 acids . ② alkaline hydrolysis
H
'

It H

"
" jiff

t NHL
,
Br ① acidic hydrolysis reagent NaOH cap

conditions
heat under reflux

^ reagent Hce Cag)÷
conditions heat & reflux exegn-SCHzcttzcnjs.N.gftefnatwa.to→ ctlzctlzcooNa t NH,

AS shortcut rot ? CHzctf.CN t HCl t 2420 cHzCHzwoNa t Hel
→ CHGCHZCOOH t NHYCL → atzctlzcoot-I

+ NaCl



HALOGENO ALKANES IN OUR WORLD

applications ofhalogenoalkanes:

1) halothaneKfzCBRCEH) as anaesthetics ( replacement : Nzo)

F F
2) teflon (

'

c -C

pans
¥¥) as non-stick lining of

3) PVC used in food packaging C replacement
: polypropylene ,

4) Cee
,

as solvents
ort )

CFCs
-

i : CFCs are harmful to
the ozone

properties :
° non- flammable layer.

↳ when they reach upper
atm :

• non- toxic

UV light
breaks C -Cl , mating Cl

.

.

• volatile

. chemically inert - ↳ this attacks ozone molecules C 03 )
.

why ? C -H 2nd strongest * c, . ¥ Br . can destroy 03 '

bond

replacements for CFC :

I) HFCS C hydrofluorocarbons )
→ easier to decompose

→ but flammable and can form

toxic chemicals .

2) HEES Chydwfluowethers )

→ Cl replaced by F

→ more stable due to

stronger C - F bond



Chapter 17:
Alcohols, Carboxylic Acids and 
Esters
ALCOHOLS
i - Alcohols contain CHEMICAL REACTIONS

one or
more groups . ① Combustion ③ Elimination

⇒ gen formula : CnHzn+, OH [excess Oz) CHZCHZOH -1302- 202+3420

/ reagent : Hzsoy / Hz Poe, I Alzoz → acts as oxidising )

classification
→ clean k¥m seen

y
conditions : heat Cnooc) adeghenydetating

H ( Itd 027 CHZCHZOH t Oz → 2C + 3h20 product : alkene & water
I * elimination w/ U

H - C - OH primary C " )
→ yellow flame

* to occur
; neighbouring

C must
uses ethanol

"

I # Naoh. remember

HIR → soot produced i

have H present - the distinction

4
R - C - OH Secondary Csi ) ② Reaction with Na ④ substation ( form halogenalkanes)
k i -

Although
alcohol is ¥nd'

;) Hee & HBR
p

it can
react with

metals .

R - f
- OH tertiary (5) - yeagent

: conc Hzsoy ,
NaCl /NaBr

^

CHZCHZOH + Na → CHzCHz0Na + kHz conditions : heat under reflux

PHYSICAL PROPERTIES ¥thaoate product : halogen
alkane

① Less volatile
than alkenes or alkanes

- white solid
Nac , + Hzso , → NAH soy + HCl

why
? → presence of H bonds in the ⇒ a redox rctn

- CHZCHZOH t HCl
→ CH3CHz Cl t H2O

② Hzo solubility ⑤ Esterification ii ) HI

⇒ solubility d as C chain 4 alcohol & carboxylic acid conc Hzpoy ,

NAI why H3P0y ?

why? → non - polarity r %7afht.in : heat under reflux wlwnctksoycfwnaadfh.to:S : heat under reflux
⇒ '

f'¥7hfi"Indie
→ µ bond less significant product : ester t H2O

product : halogenakane
-

⑥ Oxidation iii) phosphorous
halides

-

'

Alcohols can
be oxidised R - c'

'°-H- o - R → R- ETO- Rt tho

into aldehydes
and wY

'

* since tertiary
alcohols at PC 's

-

-

cannot be oxidised , /
,

reagent : Pels (solid )

acids . -
-

⇒ this is a
test that can condition : rtp

fewangg.nt.in??Ye7afHtun:erk7eI7Ix
"" zdoisn-h.be?Ya9wws.'cHscrhoH-iPdsscHscHzce-H@e+P0cE

( product : aldehydes → carboxylic
acids .

b) Pcb /Brz/Iz

⇒ if solution formed ⇒ condition : (Chs) heat
⇒ if solution formed is

is distilled after 15

distilled off immediately
. - (Br, IIs) warm
- mins

-

aldehyde
is formed . carboxylic

acid is formed. 3CH3CHzOHt Pcl
,
→3CHzCHzCltHzP0]

# # Taiv) sock ( best one)

⑦ Tviiodo methane reaction
I

⇒ condition : warm at rtp
( iodoform)

. This test specifically
tests

CHZCHZOH t sock → CHzCHzCl -15067
Why is this

the best ?

for the presence of CHzCHzC0H)
-

=

⇒ byproducts are gases
in the compound .

⇒ so
distillation not req

⇒ oxidation reaction
to obtain halogens

alkane .

alkaline Iz

I:*::*product : CHI, Cy )



ESTERS CHEMICAL REACTIONS

① Hydrolysis * key : water
.

NAMING
O
" a) Acidic b) Alkaline

R
,
- O - C - Rz
TT / reagent : HCl edit)/Hzsoy (dis ) / reagent : NaOH Cdit )

alcohol carboxylic acid c conditions : heat under reflux c conditions : heat under reflux
'

Ester name =te . I product : carboxylic acid & alcohol I product : salt t alcohol

Calcohol ) C acid ) I

acid

PHYSICAL PROPERTIES CHZCOOCH, + H2O → CHzCOOH t HOCH
,

CHZCOOCH, t NaOH
→ CHzcooNat HOCH}

① Partially soluble
in water * applications IRL :

Gt3COONat HCl
→ CH

,
COOH t NaCl

② Liquid
at rtp

- artificial flavourings
- perfumes

③ Fruity aroma - nail varnish
remover

- solvent

CARBOXYLIC ACIDS
-

Carboxylic
contain - COOH

CHEMICAL REACTIONS
=

'

As carboxylic
acids are acidic .

in their a.
-

they undergo
similar reactions

PHYSICAL PROPERTIES as other acids
:

① Simple aliphatic
acids exist

→ acid t metal

as Ce) in rtp .

→ acid + alkali
=

② High
Bp & solubility → acid t carbonate

.

⇒ due to H bonding
bw the . However

, they also undergo a few

more :

*
however

, large carboxylic acids

will have poor
water solubility .

①
Reduction

I reagent
: LIAM, in dry ether

③Wesakacid
'

a condition : rtp

FORMATION I products : alcohols

i
There are

2 main ways CHZCOOH t 4TH ]
→ CHzCHzOH t H2O .

to obtain carboxylic
acids

.

① Oxidation of aldehydes /
Alcohols

② substitution with halides

(see alcohols )
→ PC Is→Pclzlbrzl Is

CHZCHZOH t [O] → CHz CHO + H2O
→ SOCK

CHZCHO t [0] → CH
,
COOH

⇒ product : acyl
chloride

② Hydrolysis of nitrites C-⇐ N ) ( - ji
'
Cl

I
,

reagents :

the
( dit)

,

conditions : heat under reflux

CHZCHZCN t2h20→ CHZCHZCOOH t NHS

NH, -1
HCl → Nttyce .



Chapter 18:
Carbonyl Compounds 

"
-

The 2 main functional gaps
that f" CHEMICAL REACTIONS

under this category
"re

REDUCTION
can be

aidehydes & ketones -
i

As
and ketones

w, the use

1
↳ i reduced into alot

o
C

H r
' '
r of a reducing agent

-

→ rep
H
'
' -
R ⇒ Li Al Hy in dry

ether . or

⇒ Na B Hy in
alkaline d Cag, , or

→ warm

PHYSICAL PROPERTIES
→* if exes : both c=C broken

① Soluble in H2O ⇒ Hz w/ Ni or Pt catalyst
.

& carbonyl
reduced .

Why
? → can form H bonds w/ H2o → .

if limited : only C -- c
broken .

② Higher BP than alkanes . . - CHZCHZCHO t ZEH] → CHZCHZCHZOH

→ presence of perm
- dipdip

F bw

carbonyl compounds
. Ctb CH

,
-1 2 EH] → CHZCHCOHICH,

-. .
but lower

than alcohols .
* NUCLEOPHILIC ADDITION W/ HCN

* asymmetrical carbonyl compounds→ no H bonds bw or -

'

Aldehydes
& ketones can

be converted into

will lead to the formation of
PREPARATION

via nucleophilic addition w/ HCN
-

z optical isomers in
= amt '

nitrites-
Aldehydes

and ketones can
be
-

a) Hen + face
NaOH why ? → planar

structures

formed by the oxidnaehpmecn.ly . I reagent :

Iggy
"join catalyst → equal chance of

I & I alot c - w=Y§jcµ only stable under nucleophilic attack
condition : 10°C - 20°C -

* Remember . the pod
"" from the

( product: nitriles w/ - OH this temp from both sides .

oxidation of primary
"who"

group
. H

l H

must be distilled off immediately
!

H s, s.
→

"
C C:c N

- :O
'

- C - C = N → HO - d - C N
IT

-

Ht l l
"3C Ny CH

,
CH
} : CN

-

( intermediate)

TESTS FOR CARBONYL COMPOUNDS TESTS TO DISTINGUISH

① w/ 2-4 - DNPH note :

ALDEHYDES FROM KETONES
1) condensation process

⇒ condition : rtp if we can use
the fact that

2) applicable for
both

aldehydes can
be further

oxidised

⇒ result : Y Ppt aldehydes
& ketones -

-
-

stinguish
them from ketones .

- to d- i

② Th. -jodo methane (
iodoform) reaction

① Fehring
's solution

⇒ alkaline
Cust ( clear

blue solution)

'

The iodoform reaction tests
idea : cult→ Cut

condition : warm

specifically for the group
observation : opaque

red ppt

CH
,
co - -

= ② Totten's reagent
alkaline solution of Iz

⇒ AGNO, t
NaOH + NH

's
idea :

µ!!%I!! : warm ( ie alkaline AgN9) Ag's Ag
⇒ condition : warm

product : CHIZ ( yellow ppt)
= ⇒ observation : Silver ppt

"
°

③ via conventional oxidising agents
✓
C t 3 Iz t 30H

-

Hz C
'
R ( ie Kzcrz07 & KMn04 )

( if ⇒ condition : heate.qc-c.pe#.+g+izoyT*ng,a. , , w,µ
,

CHI
,
t R- C

"
'
cu
,

'
o
-

-
o
-



IR SPECTROSCOPY
'

IR spectroscopy
is a method used

-

"

IR spectroscopy is also a method

to determine the
functionals to determine the pollution in the

air -

preset in
a compound .

How ? →
each FG has a characteristic

absorption freq
in the IR range

of wavelengths
-

⇒ given
a diagram, just refer

to table
in

booklet to identify .



Chapter 26: 
Carboxylic Acids and Their 
Derivatives
ACIDITY OF CARBOXYLIC ACIDS

-

"
- The acidity of a carboxylic

acid is Also
,

determined primarily by tw
: "

'

Ho -
%
- (¥

,

'

)n - E- o
-

is more stable than

①Theofe-withdrawinggn.us -

o - E - C
'

hi:-O.

⇒ 9 # of gps .
T acidity .

Why? → 4-static ath. bw
Ht d - l is less

than 4 -static attr. bw Ht & -2.

(9pKa .
+ acidity )

why?
→ e- withdrawing gp weakens0-Hb
→ it also stabilise the carboxylate ion

( R -% - o- ) by allowing delocalization

I around
- Coo

-

group
.

* basically .it#sesthe
C- o
- bond ,

making it
less suspective to attacks by Ht .

② Distance between
the e- withdrawing

gwupand-cgw#
⇒ f dist ,

t acidity

Yee Yi'

H - C- d- COOH > 4 - C -C
-COOH

'

n
'

n

'

u ti

why? - the C-O bond is less

polarised
- because influence of e- -withdrawing

group
is less.

OXIDATION OF SELECTED

CARBOXYLIC ACIDS
'
'

Usually , carboxylic acids cannot be

oxidised : however,
there are 2

exceptions :

METHANOIC ACID
- HCOOH

⇒ HCOOH t
EO] → CO2 t H2O

ETHANEDIOIC ACID - HOOCCOOH

⇒ HOOCCOOH t [O] → 202-1 H2O



CHEMICAL REACTIONSACYL CHLORIDES .
'

spue to the presence of 24
-ve Os

-

- "
'

's

Agechlorides have
the FG

atoms connected to the C
,
CO & Cl),

-
It
,

Ces -
O
-

-c the C has a

relaliveyarge
FORMATION OF ACYL CHLORIDES partially.

'if
'

-

Acyl chlorides can
be Prepared ⇒ hence

,
it is susceptible to

nucleophilicby nucleophilic
subset of attack

,
in which it undergoes

the following
-

.

lians
.

general
reaction

.

Rcocet HZ → RCOZ + Hce .

① Pas ( can be prepared w/
red P & Clz)

(rtp) RCOOH -1 Pcl
,
→ Race -1 HCl -1 POCI,

where Z is a nucleophile .
-

-

⇒ consequently , we classify this reaction as

② PCI
, 3 RCOOH t PCI

, -3120cLt HzPOz a ''

nucleophilic substn reaction
" "

.
-

Cheat)
① Hydrolysis of Acyl

Chlorides

③ SOCK
(rep)

RCOOH -1 Socks Rcocet SO, + Hce
' '

. Recall that hydrolysis
describes

the
"

breaking down
" of a a. by H2O .

NAMING ACYL CHLORIDES
'

'

-

Replace the suffix of the acid 's name' C rtp ) Rcoce + H2O → RCOOH
,

-1 HCl
cg,

Ce) Cl) = aq)
I

''

- oic acid
"

,
with

' '

- Oyl chloride
"

. Mechanism \ T

I
products : acid t HCl .

egg ethanoic acid → ethanol chloride St no :,
=

R- C
. . g - ↳

I p S - O

pwpanoic acid
→ pwpanoye chloride

etc .

se.: ⇒ R - c - . it

:O
.

. 1st⇒ R - C t Htce
-

PHYSICAL PROPERTIES
AH' 'Hs

. Pot
I

H
' l

H
O - H

(a) Colourless Cl )

Cb) id -idf & perm . d-DF exist bw or

(c) TBP than halogenalkanes .

Why ? → 91 perm . d-dfl .

-

:C connected to 2

4- ve gps
.

RELATIVE EASE OF HYDROLYSIS
OF ACYL

,
ALKYL & ARYL CHLORIDES

T t t
R-Croce R - Ce - CL

-
'

. Acyl chlorides > alkyl chlorides > aryl chlorides .
d I

Why ? Why ?

- C attached to 24-ve atoms - p
orbitals from Ce overlap w/

- so 9 St on C ring of delocalised p
e
- in benzene ring

- so 9 susceptible to attack
-

so C -Ce develops partial double bond

character

- so 9 difficulty to hydrolyse
-



Chapter 27:
Organic Nitrogen Compounds



PHENYLAMINES CHEMICAL REACTIONS it
Is-

' if" phenylamine, are NOMENCLATURE
'

Since - NH
,

is an electing group . -
Hg,

compounds with
a

- nth
phenylamine

the e
-

density of the ring ins. V
benzene ring containing -

a -Nth group
. making it more susceptible to electrophilic

*

'""

Ethyl phenylamine attack .

- - ttghgneog.la?seso!inng7.IitheNJ
'

diphenylamine ↳ hence
,
it can undergo electrophilic

substitution .

FORMATION OF PHENYLAMINES
-

'

Phenylamine form through reduction
REACTION WITH Brz Caq)

ofmwmP0d⇒y + so, →
B ii.YM

"

reagent : Sn + conc . HCl - followed by NaOH
-

↳
pos 2. 4,6

( refer to\ condition : heat -
data booklet) .

- REACTION WITH HCl
example :

- Nozt 6TH ]
→ Nttzt 2h20# N"

-

+ Ha →
-Ntbtce-

DIAZOTISATION
'

"

Diazotisation is the process
in which

⇒ it is often used in the Tawe :

a diazonium (← Nt N ) salt is creation of ou on
- y food colouring

( i ) I 2-
Cz) #

prepared via
reacting

a phenylamine
"

aZ '

→ dye
Not

a better ④
with nihouaid CHNOZ) . \ indicator . IN dye than IN
-

:÷i⇒" r.si#.:::ins.:::o..T
condition : temp. < 10€ .

T WIT?NaNoz is

I0ndition:Na°Hca# Why ? → ( i ) is more soluble

- unstable . *
the ion can

act in water

↳ so prepared in example :
as an → it can form ion-dipole bonds

⇒ NANO
,
t HCl → NaCl -1 HN Oz . situ .

electrophile '

w/ H2O molecules

=

°"

p
azo dye →

ion -dipole are stronger than
( orange )""

t two →
acidic

→ I µ
.

H bonds .

+
solution !

→

" "

t 2h20 -

*
the ion will besutedn the

T

( benzeneiodnigzonium 4th position of the phenol .

If it is ¥d ,
it will occupy the

✓ Id or Eth pos
instead .

Reacfionofdiatoniums.at#
'

Diazonium salts can be

deby hot water to TEST TO DISTINGUISH
form phenols .
=

ALIPHATIC VS - PHENYL AMINESt÷÷÷ii÷i . ÷÷¥±±÷÷:÷:*.:S. -

th's :÷÷÷:÷÷: .
✓ amines i ( go : Nz produced

↳ whilst phenylamine
will yield

a coloured product : Cato dye) 20 : coloured salt

-

Lµ=nt
°"

30 : solution ( salt is soluble))
↳
aliphatic amines will only
yield an alcohol

,
Nz and H2O ;

which one allcolowrtess .

R -NHztHN0z→ R-OH t Nz t H2O



I s -

AMIDES PHYSICAL PROPERTIES '

'

amides are
also pHat

"

no :D
' ii. Amides have the functional

'

Awmeideswa:{
""

so
:*
" "" at ¥ '

and

↳ this is because the presence (group
.

-

"

of wing Oaten° ↳ this is due to the extensive
"

Rz . makes the LP of e
-

on N the LP of e- is✓
C
-
N
/ H bonding bw molecules -

-

delocalised into the
R
, , - unavailable to ¥Ht' orbitals ; this

H
makes it stable .

FORMATION OF AMIDES
ACYL CHLORIDE -1 CONC- NHS CHEMICAL REACTIONS

|reagent:NHzCw *
type of reaction

:

HYDROLYSIS
conditioning t" .

.

Amide, can
be hided , resulting

in a

carboxylic acid and ammonia.
* if alkali

used .

example : salt of cab
. acid

under excess Ht,
is produced' the respective ammonium

Hsc - c
'

N
-
+,

→ Hsc - c"÷±, ±ay example :

'
'

" abets; Is

no ce
-

reagent
: dilute acid 9 HUGE) (acid) CHZCONHCH, ft Ht) - CHZCOOH +CH¥z

→ Hzc - C -
y
- µ + Hce .

I conditioniheatmderre.tt# (alkali ) CHZCONHCH, 4- OH )- CHZCOONat CHZNHZ
H

II Alualinehydyis diagrams

ACYRIDEy
t 10 AMINE reagqt:dilutealkaliegNaOHca#

-

reagent
: to amine / condition : heat under reflux.

'

f) H t Ho\ conditioning #
example :

Hsc - N - Ct's →

Hsc - Etty - on, REDUCTION
'

'

Amides can be reduced to form
°

ce
- -

-

11
amines .→ Hzc - C - N - CH, t HCl
#" / reagent lwndition

: Liat Hy in dry ether
.

H
-

ACYL CHLORIDE t PHENYLAMINE example : CH
, couth

+ 4 EH ] → CH3CHzNHz -1 H2O

exam

!!:c . ein'm ⇒c.

'i'
-

y
,

+ the

DIFFERENTIATING

AMINE vs AMIDE COMPOUNDS .
-

As amide compounds are pH
-neutral

,

⇒ amines : paper
turns blue

-

amides : no reaction

bit amine compounds are pttbasic,

we can use redlinger
as a test

-



AMINO ACIDS BUFFER SOLUTION PROPERTY

OF AMINO ACIDS
' "

- Amino acids contain both an structure :

" -

"

The zwitterion characteristic of amino

amino C-MHz) group and an

HzN - C -
COOH

acid them able to act as

a±d C - COOH) group.
hence their

④c- side chain : a
''

buffer solution
"

;
varies bw different #

name. amino acids .
Gee data booklet, ↳ a solution that reshanges

ZWITTERION CHARACTERISTIC inept when a smaltamount

OF AMINO ACIDS HT of an ase is added .

"

"" " " "
""" & "" " b÷ "" "" °"

I '
O- H

'

e
::"'m:÷:÷:::"t.T.i.se. .- / . ¥ .

,"-y↳ This results in a

' '

twitterion
"

: HINEY "
o

n' Nt -

"

- + Ht - I -

"

- ciao
,,=

,
C - C H

a species with both a + ve and H ' l o_OR -
"" """ ""& "" "+ "%" " "
-

(linkFORMATION OF PEPTIDES
n' N' - in - c'Io. toti -

"

In -
"

in, - c'
'

fo . + tho

"
'

Amino acid molecules can react together,
-

through a condensation (removal of H2O)

reaction
,

to form peptides
-

*

"n .:⇒÷::::::÷÷y' amide
'

Manny
amino acids - polypeptide.

R
, linkage

. R2
I polypeptides react together toH o

H v

→ kN - c' I - coat tH trmpw¥
I l l

R
,

H Rz

PAPER ELECTROPHORESIS
-

'

paper electrophoresis
is an analytical technique WORKING PRINCIPLE * The factors that affect the

used to spade , identify and purify pw
-

-
'

when a current is passed through speed of the amino acids

the mixture : are :

(it is similar to
"

paper chromatography
"

)
↳ the typed amino acids 1) temperature

SETUP glass slides
will move towns the cathode (ti z) magnitude of p-dipped "

/ ammiinxoneacid ↳ the - rely charged amino acids 3) RMM / size of the ;
and

EE¥ef¥¥¥¥ - =

will move towards the aide
' +) .

4) chae ( magnitude ) .

( × tittperaper Moffattode *
The factors that affect the direction of

buffer solution/ movement of the amino acid are :

d-t
power supply

electrolyte -

i ) chz.ge on aminaad ineuhalialioniseexaptneutX.ir#osLutten-.l:::::e:o:s;''

÷:::
EXAMPLE I

' if" A , B , C and D are a mixture of the following 3) size of amino
acid .

proteins :
p

*Note :

① in an acidicbuffer , none of the coat

groups
would ionise ;

(neutral buffer) p paper
ship .

↳ hence a , , the
amino acids will have

⇐gie,

② shot
,
? ?g÷yas. '

and m
" the

( extra - NHz group
! ② in an alhalinebuffer , none of the -NHL

Observations : groups would ionisei

①c is glysine .
③ spot E is aspatiaad . E is Shtad '

↳ me a, , the
amino acids will have

=

why? → 1) Both have a charge of -1 . hae
- ve change , and mds the

why ? → no net ionic -
-

charge . 2) But A is father away than
B " RMMA ' RMMB '

cathode Ct) .
•
-

-

- I



Chapter 25:
Benzene And Its Compounds
- '

-

+ The benzene ring
consists of f) f) STRUCTURE

atoms in a reguF
'

distinct

+ Eam is connected to a II 0µg p orbitals
① All C display ¥ hybridisation

•-•

atom and to its 2 ng f f ② Bond angle
= 'II

felons by '

y , ③ All of the
C C bonds have 9"

'

+ The unhybridised p
at V

length
( lone e-) on each C overlap- -

@-•

with each other
, forming a

deioaisedsix -centre molecular
T orbital t⑦ dgyloggalinsedt

( ice . de localised T1 system) .
=

NOMENCLATURE PRECEDENCE OF NOMENCLATURE
'

:
' '

Arenes / aryl compounds/
aromatic compounds

"

refer to organics containing Orie Fd prefix suffix

more benzene rings .

- COOH (acid ) -

- Oic acid
- -

precedence - Coo - (ester) -

C- ye)
-

Oates:*:::*
. ÷÷÷÷:f÷÷÷÷÷÷÷i÷÷1,2 - di chlorobenzene - co - ( ketone ) oxo - - one

- OH (alcohol ) hydroxy - - ol

ce

"

1,4 - dichlorobenzene - N
,

- ( amine) amino -
- amine

- c=c - ( alkene) en -
-ene

-

-
C- C= (alkane) an -

- ane

- -

✓
- X ( halide) fluoro/chloro) -

bwmoliodo -

- Noz ( nitrous) nitro - -

CHEMICAL REACTIONS OF

BENZENE cased benzene w/ e- withdrawing → more
stable than benzene :

group (eg
- Noz , - Nitz .

- CN )
. election density decreases

-

'

.

Alkenes and benzene undergo wildly different
.

The halogen is
substituted onto the • lower reactivity

chemical reactions ' 3rd ygth position .

. less susceptible to

electrophilic attack
-

ELECTROPHILIC SUBSTITUTION
reactant : molten bromine / chlorine * in data

condition : heat with nhyd FeBrz/AlBr, booklet :

OF HALOGENS ( LH) e- donating

Casey
' '

just
" benzene

"""P
" "

T
"

t Bra - + HBR
(
( RH) e- withdrawing

reactant : molten biome/ chlorine gas -

condition : warm in presence of cased benzene with e- donating group n, tess stable than benzene 's :

FeBrg1AeBr, catalyst leg - OH,
. lone pairs on atoms connected to

mechanism :
'

The halogen is substituted onto

ring
delocalize into T structure

Brzt Fe By →
Brt t [FeBr45 the 2nd14+46th position . PETE's

. • electron density increases

Br EFeBry5 reactant : aqueous
bromine / chlorine

-

( 214)
. increased reactivity

B
→

""

- + Htt condition : Erith FeBrg1AeBrz . more susceptible to electrophilic

attack

electrophilic attack of
→ regen of example : * hence aqueous

bromine is enough to

bromine cation on catalyst -1
°"
+ Bk →

B

°"

+ HBR
start the reaction .

benzene ring
benzene ring



ELECTROPHILIC SUBSTA FRIEDEL-CRAFTS REACTION
OF NOz - "

Friedel-Crafts reactions involve the

'

'Ii :!! !!:*
"

:"II:*. . * the nitration leads
in of a si

into *t¥mni÷÷:u
= to 1,3 - and I

, 3,5 a benzene ring .

reactant.co#.HN0zdHzSI
nitrobenzenes

,
ie ↳ Two types :

( condition : heat under reflux at 55°C Nor open . Noz ① alhgiahon
( alkyl )

-
. ② acylation (

contains ,
ie - WOH

,

-comet)
mechanism : Noz

-

Frost Hzsoy THzN05't HSOI

yfornmgtiy.no, reactanti.haogenoahanecalkylationl.acye.ch/nde(agtation
HzN05' → thot NII. cnereuahyfiisgntivn \ condition : heat w/ AKI

, catalyst '
I

of
→

n'Iz
-

nozt Ht. ) substh . mechanism :

(

alkylation, ' 7- ⑧ Aid
,
→ Rt + LAKH

.

] Eff" ton
.

Htt HSO
,

-

→ Hzsoy - ] regeneration of
- i
-

face) /
catalyst . H

(acylation)
/

rt
→ pie er

t Ht
.

O
11

OXIDATION IN THE SIDE
" C ' -e) Ht + take,5→ AH

,
+ Hce .

CHAIN
'

Eng a¥up on a benzene ring FREE - RADICAL SUBSTITUTION
can be oxidised to form just

a - coat OF METHYL SIDE CHAIN
=

group.

reactantikmnoylttorkmn041OH.tt/zs# lrweancdt.fi?tn!ukv,ig#\ condition : heat under reflux -
-

mechanism

example : -

:

⑤
"↳
t 3 [o] →

OOH

, Hz,
Ctu , →

2cL . ] initiation

"""3
s -coat

, ,

* LHS is ethyl , but

""'
+ " "

→

"""
+ "'

e) propagation
KHS is still

"k
+ a
,
→

"til
+ ce .

=

Icu
,

EY -coat
-0-0" " etc

'Hi
+ a . →

'tha
en ] termination\

COOH

HYDROGENATION OF THE

BENZENE RING

' The benzene ring ,
under certain conditions,

can undergo an addition with

'

reactant : Hz Cg )

condition : heat at 200°C & 30atm\
in the presence of Ni

T[
""" "

+ 3Hz - cgh×ane)
-



OH

PHENOLS f sphenoid

Phenols are compounds
that contain

an - OH group
on a benzene ring .

PHYSICAL PROPERTIES
MPIBP ACIDITY * key

idea : talk about
the

..

'it" Phenols have a higher
'

aadi1yTacidityofacidityof>acidity# weakeningof0Hb
than other similar aryl

carboxy, ;c acid
>

phenol
>

H2O
alcohols . stabilisationofo.nl

'

compounds -
- OH f o

- +Ht Hzo → Htt OH
- CH3LHz0H→ CHEMO

-

+Ht

CHJWOHEht-C.tl#f
why ?

→

ttmobfenduifegs.tw ① why
acid > phenol

?
② why phew,

> Hzo ? ③ why alcohols ' H2O ?

- c=o bond has a - the lone pair of electrons
- allege groups

have a +Ve

H2O SOLUBILITY
negative

inductive overlaps w/ the de localised inductive effect
( e
-

donating
' '

Benzene, are only slightly
effect on

the O- H T system group)
.

soluble in water - -

so negative charge of

why ?
→ large non

- polar
benzene bond

phenoxide ion is spread - hence
,
the negativeharge

ring - which weakens it out across the whole on the oxygen
atom is

→ desp. H bonding
w/

molecule intensified .

- this also delocalises -

Hao molecules -

the charge on the
- so chity deceases

- so cha.ge#ensity increases -

anion
, stabilising it

- so stability increases

- so concentration of [Ht]
- so pos of eq shift

- so stability degases.

the right , favouring greater
- so

pos of eq shift
is greater. -

-

the left , leading to lesser
formation of Ht.

-

-

= formation of Ht.
-

=

CHEMICAL REACTIONS
NEUTRALISATION ELECTROPHILIC SUBSTITUTION

\
'

'

As the oxygen
atom 's lone pair of

elections

| ' °" t NaOH →

Not
+ H2O

can delocalize into the T1 system of the benzene

-

ring , the charge density of the system increases;

REACTION W/ METAL hence
,
it is more susceptible to electrophilic

\
attack .

I '
°"

+ Na → Nat Ith W/ NO
,

w/ Brz
-

y#
( - OH is e

-

reactantidilutelwnc.HN#y rea4¥ )
donating)

* phenols are nothing I condition : room temperature reaction :

ensign to react with reaction \~"

/µ%qa+z I +313k -
" "

t 3HBr .

→

-

-Hniwph
& observations :

- white ppt -
bromine decolourises .

- steamy fumes

TEST TO IDENTIFY PHENOLS
'

"

There is a specific method used

to distinguish aliphaticalcohols

÷÷÷÷÷÷::i:÷÷÷n



Chapter 23:
Entropy and Gibbs Free Energy
- STANDARD MOLAR ENTROPY

ENTROPY, S -
'

-
"

standard molar entropy
"

is the entropy *asaIsubstanoshof onemdeofsubstany in its standard entropy ,'

Entropy is a measure of the
state under standardconditions \ SO is always poe

!

disord of a system
(zggk ,

1.01×105 Pa) -
(reactants + products) .

↳ symbol :
St (Dst if changing)↳ "

disorder
"

refers to

1) the aquavit of particles, and

RELATIONSHIP BETWEEN SPONTANEITY AND

2) the lnmhgies of the

particles . ENTROPY
( stability 9 as entropy

9)
'

-

A reaction is spontaneous if

symbol : §
unit :

( DS : entropy change)

FACTORS THAT AFFECT A

SYSTEM 's ENTROPY
CHANGE IN PHASE MIXING OF PARTICLES

\
'

'

when twodifferentsubstanc.es# mix together,
"

/ Sso, ;D < Sigrid < {as their entropy
.
(more disorder ! )

-
Examples :

i ) diffusion Cg & g)

why ? It
has to do with the

arrangement of
the op

in

z) dissolving Cglels d
l)

the phases :
( liquid

)

- irregular arrangement
( solid ) - op slide past each ENTROPY CHANGES OF

- regularly arranged other

VARIOUS TYPES OF CHEMICAL
- particles close together (gas)
- particles can only

- irregular arrangement REACTIONSvibrate
- move freely in space

- far from each other

CHANGE IN NUMBER OF

PARTICLES
'

'

The more"x
"

a substance

is
,
the tower its entropy is .

Examples :

{
aw
,

c Sao ( Caws has more

' '

shit
' ' than Cao)

SSH,
< SSH

,

( Gtf is a bigger
molecule than CzHy)

{
go

> Smgo
(Nazo has weaker ionic bonds

than MgO, so less
"

ordered
' ' )

CHANGE IN TEMPERATURE
'

-

The higher a substance's temperature is
,

the higher
its kineicenergy .

Why? -D op
have more vibrational

energy

CHANGE IN HARDNESS
'

'

- Harder substances have lower entropy .

(eg
S
diamond

< Sgraphite)



CALCULATING TOTAL

ENTROPY CHANGE
'

'

'

Foar any
chemical reaction ,

there is always

py .

¥
,!g?÷÷lItf raise:c:&. stains

.

:S; :#me.

# ↳ total entropy changes
"

ight
etc)

±±;±÷y ¥÷u÷÷7.÷:÷÷÷÷÷÷:÷.I
sys

= Spwducts - Sreactants * note thes temperature Cin ok)

# sign !
#

DH >o : sssurco (endo)

entropy of products
\

entropy of SH co : Assur> 0 (exo)
reactants

.

ENTROPY AND TEMPERATURE
'

" We can use entropy calculations to show

how the feasibility changes as

temperature increases .
-

(forendothwmichreacion) as Th
, bssysf -

* Hence
,
the

feasibility of endo rotasHence
,

since Issy, Ff , Aston, f . incase, and'the

a:::÷÷:÷ . . . . ." . . ) :÷÷÷÷t÷÷ ""Hence
,
since Issy, D= , Aston, t

-

-

⇒ less feasible .
=

GIBBS FREE ENERGY
,

G
'

" "

Gibbs free energy
"

refers to the symbol
: G ( da : change ; dat

: Std . change
)

- unit : KJ mot
"

maximum of
"non-expanswork

"

that can be done by the system .

↳ i.e .
"

useµnwy
(not lost as

heat!
EFFECT OF TEMPERATURE CHANGE

MATHEMATICAL
DEFINITION ON FEASIBILITY.

I
'

'

if" Da = Attraction- TBSsystem .

| DG = DH
reaction

- I system Hence
,
as T increases

,

Da decreases -

Tin. :¥÷ :O: :c so

;÷÷÷÷÷;÷÷÷: :÷: }÷÷÷÷÷
:
"

KJmoi !
DS

system
and

DHR .

SPONTANEITY & GIBBS

FREE ENERGY
'

'

F'
'

'

we can use aibbrgy to determine

whether a reaction will be spontaneous
or not '

*ifDGcO,thereaction| spontaneous/
feasible .

-



Chapter 22:
Reaction Kinetics
RATE EQUATION

' '

The rate equation
is a

method to illustrate murmuring

the relationship
bw how the concentrations ④ Take note that

, for gaseousreactns.

the conc in the eg
? may

be

'÷÷÷÷::÷:
"

Fon
. .
. .. .} .:÷i::::::::: }be determined rate ega is

the rate eg
' is given by

theoretically I#
-

!

I rate = KPHIPN
,

I rate = k [AT EB)
"

* for AL ,

it:¥n7÷¥j,÷E: ' oemnez ,
Murrow

M
,
n E Z .

cuonnit.EE,
* only includes reactants that HALF LIFE
affect the rate .

"

'

defy : the time taken for the concentration of
ORDER OF REACTION

( m
'
n )

a reactant to fall toys. its
=

-
'

'

defa : the peer to
which the conc . originator

of the reagent
is raised to

- for 1st order rate , Ty
,

=
(see below)

ianthe.

Example : rate eg
? is rate = kEHz32[No].

↳ rater [this
order of Eth] is 2

MOLECULARITY
↳ rate a CNO] → order of [ No] is I

' '

'

defa : the nuEf_¥es that come

\
together to react in an Wery

overall order = sum of orders of reaction -\ reactants in ega
-

# ↳ deduced from mechanism of reaction .

So overall order of nth
above = 2+1

=3 .
& experimentally determined .

=

HOW ORDER AFFECTS RATE

order what this means rate vs conc cone vs time##Tertime_
← 'Eet:I÷÷:'t µ

,

nai::*
sore

t

"f:÷::¥÷÷i÷÷÷
two rate a cone of reactant half - life increases over

time .

in
:::

I



EXPERIMENTAL DETERMINATION

OF RATE EOIS AND CALCULATION

OF RATE CONSTANT Exampiez

Example's

El , E 2 → [52082
-

I D= ; [I -3 ( i. 27 , rate ÷2 03 easy
to determine . Case method from El )

,

www. order

of NO
so order of [I

-

] = I

E. 2. E3 → [ Sos
"
] ( xp

,

maxi CCI -317)
( Ez) ⇒ Tatty. = ({§)m(??o%YoJ

-

/

so order of Eszos
"] is I

t=(÷Fo)m( 3)'
⇒ rate ega is rate = KEI

-

][52082
-

]

1. 5 = 1.5M ⇒ m =L .

=

KINETICS & REACTION
MECHANISMS VERIFICATION OF POSSIBLE

:

many reactions happen in many MECHANISMS FROM KINETIC

steps .
We call this the

DATA
"

reaction
mechanism

"

.

↳ the step that is the slowest 00

determines the rate of the

mechanism .

↳ hence.the.im/-e-determining''stepTis the slowest step in the
mechanism B . Why ?

→ 1st rate has both reactants in rate ega(
mechanism

→ so
,
1st rope is slowest rt" '

↳ the reactants in the slowest

step will appear
in the

REACTION PROFILE
rate ege .

En
En

Pmr atnenmoom
" ""m

,

rite:

t

tone- step multi - step
-

order for both =L . ( only solution)

ie
HOI

- '

If step
2 is the slowest ,

then IO
- and Ht should

^

\
IO

- Ht
appear

in the rate of
-

- /) But since the
constituents of

-

O Hzoz I
-

Io
-

one H2O, & IT

-

-

then the rate ega
is

-
-

rate = k [Hzoz] [I
-

][Ht].

Alternatively , if step 3 is the slowest ,

then HOI ( = Hzoz + I
-

+ Ht)
,

Ht & I
- should

appear. So CHT] and [I
-

y
''

affects
' -

rate twice, which

means their respective orders is Z ;

ie rate = EH -15 [I -5 [ Hz Oz] .



CATALYSIS REACTION PROFILE OF A

CATALYSED REACTION
'

'

Recap : catalysis can be divided into two

categories : E n

-
←
uncataloged reaction

homogenous heterogenous
① The iosulfate

"
* can 't occur ① Haber process

reaction 3T w/o catalyst NzT3HztzNHz

÷:÷÷÷÷÷÷÷÷÷÷÷i÷÷÷o÷÷::÷÷. ..
""

ZI
-

+2 Fest → Iz +2 Fe
" ③ Transitions in catalytic catalysed#on .

converter #

② The decomposition of h# Rh t
20 t 2. NO

→ 2Wz t Nz

peroxide ptlpd
I
-

IO t Oz → 202
2Hz0z → 2h20 t Oz

cap Cgi Cg )

③ The formation ofacidrainsozt¥02 ¥0 503

CATALYTIC ROLE OF ENZYMES

enzymey substrate
Iffy I 76%56%176005pants- - - -

- - - /

enzyme + substrate enzyme
- substrate

enzyme
t products

complex

-

'
'

-

* The substrate has a shape complementary
to the active site .

• The substrate then binds to the active

site .

• The interaction causes a speubond
to

be weakened .

IgEa .

• An enzym-e.su#ewmplex
is subsequently

formed
• and then the products from

the

enzyme
.



RELATIONSHIP BETWEEN

TEMPERATURE AND RATE
'

The posihip
between

rate and temperature
can

be shown

mathematically using Arregon
i

|k=Ae-Ea"IF÷s;Kelvin temperature

rate const!
#¥qq.gg?sYtC8i3"(constant )

EXPERIMENT TO DETERMINE

CONC OF UNKNOWN SOLUTION



Chapter 21:
Further Aspects of Equilibria
IONIC PRODUCT OF WATER ( Kw )
"

'

-

Kw = equilibrium constant for the

ionisation of water

H2O f Ht + OH
-

DH = -158nsmot
- I

⇒ Kw is given by the formula

|kHt][OH]f ( =L-00×10-"mf at
-

Std conditions ))
unit

④ Relation between kw&#
↳ if TIM, ez shifts tonight

,
so

pH BUT
' Ii : pH is given by the eg

' -

* as T f , Kw 9 .

|pH=-log,olH# Then [Ht] 9 . (so - logo-41741 .

-

tenpH of PURE
WATER

In pure
water , EHtT=EOf

the pH decrease when T

Hee [Ht] = [
OH -3 =Ito0×l57mddm (atrtp

) (increases
water , at rtp .

Then , the pH of Pure pH of STRONG BASES

is equal to -10%(10-7)
=⑦

✓
[OH] :[OH] from base

* Assumptions\ -
Lotz
,
negligiblepH OF STRONG ACIDS

* Assumptions
I [Ht ] from

H2O is Example
- negligible ① 2.omoldm

-3 NaOH

\
[Ht] = [Ht] from acids -

NaOH → Natt OH
-

i. [OH
-

I = [ NaOH] .

Examptes
② O - IO mot dm

-3 HzS04 [Ht] [ OH
- ] = Kw

-

- 1.00×10
" "

o :c:O: t.am#soi-/:.e..ioo.::J :÷÷÷÷÷÷i÷÷÷..

.

. Nyt =
n
Hee

-

'

- htt
= ZNHZSOY =

"
"

= 14.3 .

.

.

. [ Ht] = [
HCl] -

.:[Ht] -- 2. ( Hzsoy] = 5.00×10-15.

. : pH = - log ,oEHt] : . pH = - log ,oEHt] so pH = - log ,o[Ht]

= - log,oC 0.001 )
= - log ,o(20.10)

= -log ,o
(5-00×10-15)

= 3 .

= O- 70 . pH = 14.3 .

ACID DISSOCIATION CONSTANT
,
Ka

' "

ka provides
a measure of the extent ⑦ Exampleo

to which anadi¥d
-

calculate pH of 0.1 moldm
-3 solution of

↳ for the
acid HX = Ht + ×?

ethanoic acid , given
ka -- 1.8×10

-Smd dm-3

*

[Ht ] -- Ex
-

7 . : ka ,
Y :

. pH -

LHX] = - log ,oVol8xio
-5

Ka is

gimbY[µ+y . : 1.8×10-5 = ¥5
-

- 2.8723

-
o - I = 2.9 .I ka =

[HX] i . [ H'T--Voyg.

=

-

T RELATION BETWEEN Ka & pH
note .at

"i→÷÷÷÷.is?I:::::::nMI'



BUFFER SOLUTION pH OF BUFFER SOLUTION
"

-

In an acidic buffer , recall 8 two assumptions :

- If ' . . Buffer solutions
are solutions that resist

that the acid partially ionises and ① [A- ] from acid negligible

changes in its pH when small amounts

the salt fully ionises : ② [HA] = [HA] initial
because

of acids / bases are
added .

HA f Ht t
A
-

negligible ionisation of

Naa → Nat + A
-

- acid .

↳ either acidic or alkaline

←
Wea

+ salt of base
Also recallhIf[a, I:kaofa;d=EHt5LsaH]#

weak acid t salt of acid acid ka =

Fay
. [aa

leg CH
,
COOH t Ctlzcoo

-

Nat) (eg MHz t NH4cL
)

(pH > 7) ↳ we can use this to determine

( pH it) SAMPLE PROBLEMS the acid 's pH
←

-

MECHANISM OF BUFFER

SOLUTIONS
ACIDIC

"t
'

: In an
acidic buffer solution

:
es

- the weak acid is partially CHZCOOH Httcttzcoo
-

ionised
,
d

- the salt is fully ionised - CH
,
COO
-

Natl} cttzcoo
-

t Nat .

④ if a small amt of acid is added ⑦ if a smallamt of alkali
is

-
added

↳ eq shifts to the left " ↳ eq shifts
to the right;

↳ added Ht reacts with excess CHEW ↳ added OH
-

reacts with excess CHZCOOH

↳ so pH does not change significantly ↳ so pH does not change significantly

CHZCOO
-

t Htt CHZCOOH CHZCOOH + OH
-

→ CHZCOO
-

t H2O

ALKALINE
" '

In an alkaline buffer solution
:

- the weak alkali is partially
ionised :

NHS t H2O
T NHI

'
+ OH

-

- the salt is fully ionised : NHL, Ce
- NHI

'
t Cl

-

④ small amt of acid
added : ④ smallest of alkali added

:

-

- ↳ eq shifts
to the left

↳ eq shifts
to right ↳ OH

-

reacts with NH4t

↳ Ht reacts with NHS

↳ pH does not change significantly ↳ pH does not change significantly

Ht t Nitz
→ NHI NHI

'
t OH

-

→ NHZ + H2O

APPLICATIONS OF BUFFER

SOLUTION
"

"

Many industrial & biological systems
are sensitive to

minute changes
in pH .

↳ a buffer
solution is a good method of

maintaining pH .

CARBONATE BUFFER PHOSPHATE BUFFER

SYSTEM SYSTEM
'

'

A'
'
'

I#Hz0fttHOz7
" lHzP04-fHttHP0#
-
-

④ If Ht added ⇒ eq shifts to left ④ If Ht is added
⇒ eq shifts

to left

Hcoj t Ht m HzW3 Ht + Hp042
-

→ HzPO4
-

④ If OH
- added ⇒

Hcojt OH
-

→ cop
-

+ Hzo
④ If OH

-

is added
⇒

OH
-

t HzP04
-

→ HP042
-

t H2O



INDICATORS AND ACID- BASE

TITRATIONS
SELECTING A SUITABLE ( examples '

pH range agdwfcnaahhg.ae
"

'
'

-

An
"

indicator
"

is a dye
that changes INDICATOR indicator - -

colour over a specific PH range .

'
'

'

Each indicator 's
"

pH range
"

is unique . methyl orange 3.2 - 4.4 red - yellow

For an indicator to be viable for use in
bromophenol blue 2.8 - 4.6 yellow - blue

↳ usually
weak acids ,

where acid &

a neutralization reaction
,

the range must phenolphthalein 8-2 - 10 - O colourless → pink

anion colour are different -
fell within the steepregion of the titration
curve .

TITRATION CURVES -

MECHANISM
' '

'

'

Titration curves
show how the PI

'

HIN f Htt In
,

-

← in basic solution

ofase ¥ during
in acidic solution

→ eq shifts
to left → eq shifts tonight

a titration ( where it is neutralised . )

-
→ LINT .

[HINT
→HIT

DRAWING TITRATION
CURVES Two distinct colour!

# 1 STRONG ACID
+ STRONG BASE

25cm
}
of o.im Hee w/ 50cm

' of O ' 'm Nao" #2 STRONG ACID t WEAK BASE
Ex' '

' Method : -

Step Draw a diagram
to identify what reactant manage,

is being neutralised ( in the conical flask
) - Igt '

able)

→
CPH of piperidine -_ It -9

sty Identify initial
' ↳wtksfant , '

method is the same as case # t .

f¥ )

pH = - logo [Ht] .

HCl - Ht -ice
-

However , note the steep region
is

: . pH = - log ,o[ Hee] Steps Identify the steep
yz.g-y.g.LY

= - logo (o - lo ) = I - O . region
.

-

step} Identify V of reactant ( NaOH
) at

:_hesteepregioniswhereJ (step , , Er
Hee crariable )

endpoint. µ a shwpinPH
is KK

piperidine (constant)
HCl t NaOH

-is NaCl
t H2O -

observed
,
and where the

"
Hee

= 25×10-3×0.1
=
2-5×10-3.

i.
nnaot, =

2.5×10-3. i- Vnaoti I = indicate
.

( step z) pH, = III
(given

)

= 25×10-3dm
}
÷

= 25cm
's
. For this reachthteV ( step 3) n

base

= 0.150×110×10-3) = I -50×10?

=

region
is 13-5-10-5.2

, nµ+= i. 50×10-3
-

: I :L mole ratio

step't Identify final
-

n
Hee = 2.5×10-3moi . ⇒ nut =

2.5×10-3. Step Draw the CW" -

i

'

. Yue = I = t-5.to#=1sxio-3dm3
⇒ nµaoµ=

50×10-3×0 't = 50×1 mot .
= 152,3 .

'

'

' not,- left
=
5-0×10-3- 2.5×10-3

= 2.5×10-3 mot . ( step 4) After all Ht added,

Nyt = O - 100 x ( 20×10-3)
:
. [OH

-

] = 25×- Vof both

(50+25)×10-32 acid + alkali
a

[
r\
( so

,
,z.g ,

= 2-0×10-3

= 0.0333 . ftp.pon/
,

⇒htt remaining
= 2.0×10-3 - l- 50×10-3

→ Kw = [ Ht ] [OH
- 7=100×10

""

(3.5-10-5) = 5-00×10-4.I "÷i:÷÷÷÷ o

, ÷ ::::÷÷÷÷÷÷ii::::
= 3.0030×10-13. ( Oil - O) endpoint total,uVa, ; of = 1.7g .

→final pH = - logo (3-0030×10-13)
(step 6)

= 12.5224

= 12-5 .
✓ =

* note for step 4 :

÷÷÷÷÷÷÷÷÷÷÷÷÷÷÷s:DIn this example,

final pH =
- logo [Ht]

=
- logo YET,

= - log,owo
= 13.0 ( instead of 12.5 . )



#3 WEAK ACID t STRONG BASE

¥ * ( step 3.5 )
calculation of V used at half

( step 6)

steep region :M ftp.nmeennda.fointmpoiiiiiiiiii.eaa.Xka of a buffer Sol . =
ltats

-

Hence , as
[acid ) s

'
'

- method :

- Nggoahtabie , pH
-

- pKa :
we see that Ka = [Ht]

,

or

( step 1) µ¥ckHzwoH # note the
(constant) V

,,z= 10213 extra point
⇒ pH
,

=
- log ,o( I - 3×10-3) ( for V12 .(step 2 : we can calculate [Ht] from Kai

pH ; )
= 288605

= 5cm? O
ka : EHtjf.LA] =

EMI
= 289 . =

[HAT =

-
(step 4 :

'

'

' [Ht] = ✓KAEHA] pHf ) After all OH
-

added ,

=✓(1.3×153)/0.107 = 0 - 0114017 -

non- tota,
= ( 20×10

-3) X O - 10

= 2.0×10-3 . #4 WEAK ACID + WEAK BASE
'

'

- pH; = - logo (0.0114017) ⇒ not
-

excess
= 2.0×10-3 - 1.0×10-3

= '
= i. oxio

-3
.

'

' "

'

For this case
,
the steep region is too faint

(step 3
:

no , zwof,
= ( 10×10-31×010 i:[OH-3 = -3=003333 . to be detected by any indicator .

Vendp )
= I -0×10-3 -

( extra info )
(Hzcecooiy + NaOH → CHINO

-Nat + H2O
⇒ [Ht] = Effy, = lo×÷

i. nµaoH= I -0×10-3 .
= 3.003×10-13 -

in Vnaof, = I
= t°!! = 10×10-3dm

'

.

' .pt/=-log,oC3.oO3X10-t3 )
= 10cm

3
.

I

pHf= 12 - 5 .

=

#5 POLYBASIC ACIDS
-

'

- For poly basic acids
,
there are Zorin

endpoints .

Ex 20cm
}
of O - IM Hzsoy titrated w/ 0.1M NaOH

qq.ee#zsaoat'
' variable)

& (step }
) Identify the two endpoint ( step 5) Just remember

( step 1)
constant, volumes the iststeepr-g.nl's shorter

' '

- Hzsoy undergoes
a twostep than the zndsteeprgin

-

"

is :i÷:¥:÷÷÷:#
air" :÷::i::::::÷::"÷ 'i'In

i. pH ; = - log ,oC0
-Z) Natl soy t NaOH → Nazi + H2O -

pH
= 07 . (step 6)

'3
"

#↳ each stage
has its own endpoint .

(step 4 :
no V of NaOH given so

pHf assume inf V .

for ② → ( 2nd
[OH

-

3=0 . ,
i PHf=

- 109,110
-B ) for ① →

""
"s . :"::÷÷÷÷÷÷÷:::::÷o: :: I ÷O - I ÷ ✓ = 20cm

? t 20cm
}

= to-13 . ⇒
✓ = I = 20×-10-3 f Tfom ① 07
I o - I #

20
40 VNaoH/cm3

= 20×10-3dm} .

'

- V = 40cm}
2

Y = 20cm?



SOLUBILITY PRODUCT
, Ksp

'
'

i The solubility product , Ksp . is the pwdict
of the concentrations of sachin in a saturated

✓SING Ksp IN
PROBLEMS

solution of a sparinglysolubles.at# at 2982K .
- Excel
raised to the peyer of

their relative -

w#.

↳ it is a measure of an ioPm's
→ molar ratio is 3 :L .

solubility in water .

Mathematical Examples

④ For the compound Aga E Agttce
-

Ksp -- [ Agt5kt]
get p

-

Xpyqcg
,

f pxcaqj 9Ycaq, ' Cacotl )
,
> cant 20h

'

Ksp ' ka
"
] (OH

'

]
"

€×az
→

* have to convert

the solubility product
is given

Agzpoh, y zag-1+17043
-

Ksp = ( Agt]3EPO43
] - into mm-3 ! !

BY k,p=[X9]P[YP ( gdm-3.mil?m-3- )

-COMMON ION
EFFECT

" '

If a dissolved salt is exposed to

common
ion Vsingwmmonioneffec.fi#

a solution which shares a

questions

with it , its solubility
decreases .

We win this
the

' '

common ion

↳
ai, pom

USES OF Ksp
effect

"

. race -
'
.

generally , Ksp is used to determine the

↳ due to t solubility . / "

saturation point
' ' for a solution '

precipitation will occur
-

-

eg Ksp of Baco
,
= 5.5×10

'"
mo '
" dm

-
b
'

e.g . the added to Ag
If [ Baztyqugz

- 3=5.5×15
" saturated

Hce →
Ht + Ct

-

If [ Baztyqugz
-

y c
5.5×10-10

"

,
can add more

Agee
L Agt

""

"Th
"

If [ Barty [co;-]
> 5-5×10

"

. PITI's?
""

④ when HCl added
:

→ Ece -39

→ ( by Le chattier's principle ) eq shifts
to left

→ so [Agt ] t
so Ksp t

→ so solubility
decreases .

PARTITION COEFFICIENTS
, kpc

' "

The partition coefficient is the ratio

of the wn#ens I
amounts of VISUALISATION BY ILLUSTRATION

solute in twoimmiscibnts
at equilibrium. If kpc > I ⇒ [org] > Eat

=*=¥÷:;÷÷ynM so,÷¥TBi3÷÷IzB
:÷÷

⇒ so

;÷:÷:*
.

- '

- The solute undergoes
the equilibrium rate

If kpc < I ⇒ [aq ] c [ org ]

:#na 's.
-waves"

-ons ..¥÷÷i÷÷.in#::::::.........
↳ it follows that kpc

is a measure
⇒ solute egualiysoluble in

both solvents .

Kpc = of deducing therelatives.co/ubilitiesLXaq3
of the solute in each of the# of moles in co)
-

4.75 =↳ Yo, solutions .

(⇒
# of moles in caqg

50
- v USES OF kpc

Caq)
⇒ × " '

'

:

kpc can
be used as a quantitative measure

of the separation of different components in a

mixture during chromatography .



Chapter 20:
Electrochemistry
- €0ELECTROLYSIS THE INFLUENCE OF

ON EASE OF DECOMPOSITION
'

'

Electrolysis
is the decomposition of a

#TEO

compony by an electric
'

- E't ← ooo →

more likely to more likely to

undergo oxidation undergo reduction

THE ELECTROLYTIC CELL close e- ) (gain
elections ) .

'

'

if" The main components of an
electrolysis cell are : why?

⑦ ① Electrolyte
- a mottenlaqueus ionic

-

. we can use a potential
-

compel which is

diagram
to illustrate this

-

decomposed during ④ Ca and Ag have

electrolysis -E0= to-fo (Agtte
-

E Ag ) te EO values , so

electrons
''

want to flow
"

②Ede - mcamduestfwyrnwnnedtuactorfjaphite.EE -1034 (cu"t2e-_ cu ) frozen the zero potential

- E0=0 (2Htt2e
-

e- Hz )
Mark .

③ Power supply ( d - c ) cstd H cell ) ⇒ so they favour
- reduction -

④ Ammeter - measure
current EE -076 ( Zn""" " )

⑦ connayee.se?yye.Eygan,dues?a
ELECTROLYSIS ON MOLTEN

-
EOE -2.71 ( Natter Na) so electrons

' '

want to flow
' '

to the zero potentialELECTROLYTES mark .

"
In a molten electrolyte ,

there are only 2

THE EFFECT OF ION
CONCENTRATION ⇒ so they favour

ions . oxidation .

eg Nacl :

ON ELECTROLYSIS ( AQUEOUS ELECTROLYTES)
→ at the

cathode C - )
,
reduction occurs.

eg Znclz Caq )

Nat + e
-

- Na -
'

. If an
ion is present at a suffly -

→ at the anode ( t)
,

oxidation occurs .

high concentration ,
it can be discharged

cathode ; znztze
-

→ zn EE-076
- conc = IM

(e- → Lzciz + e-
eif water shouted

be discharged ⑨"en

(normal ) 2Hzo+u
-

→ Hzt2OH
- EE -0.83

the EO values .

ELECTROLYSIS ON AQUEOUS - EEN > EE, i. ⑦ discharged
↳ only viable IF the difference

ELECTROLYTES between competing ions
' EI is anode : 02+41-1++45 - 2h20 EQ -1123

-
.

. for aqueous electrolytes , we have to factor
1esstV.

uz + 2e
-

→ zce
- Ect -- -11-36

in the presence of H2O .

eg
Nacl Caq) . Effy c EY, i . ④ discharged

whatisd.is
?

conc = 10M

(concentrated)
cathode : abundance of H2o ,

- For the cathode (
-) :

cathode :
=

conc = 0.01M cathode : abundance of ZHI!
⇒ compare EO of cation Nat + e-- Na

E =
- 2-7 ' V -

and E 't values within 030Vi
(dilute) values within 0.3W.

with E of water
. 2h20 -125mHz-12015

E% - O' V '

⇒ discharged
⇒ ⑤ discharged .

If Efa, > EYater
⇒ capitalized . - O ' V > - 271 V anode : abundance of HEO

anode : abundance of It,

If Efate Efate ⇒

tfsznarged .
" II discharged

'

⇒ ④ discharged
⇒④ discharged.

' For the anode ( t) :

⇒ compare
Et of anion anode : FURTHER EXAMPLES

with EO of water . CI
-

→
'

zazte
- E = tl.23V

If EEN s Elwtater ⇒ cfnwiodnsts 02+44++45- 2h20 E0= -11.36V

discharged . +1.23 v e t l
-36V

It Etan > E Eater ⇒ discharged . so 0=2 discharged .

T
why Ht important?

⇒
2Htt2e- E Hz used instead of

Oz -14Htt 4e- I 2h20 ,

diff Ed
values



QUANTITATIVE ELECTROLYSIS
FARADAY 's 1ST LAW OF ELECTROLYSIS time arent

was passed'

'

Faraday's 1st Law of Electrolysis through .

States that the masse of a
substance

proof : do ⇐ ID¥= .@e%k"charge on one

liberated during is directly J - numberof
ion

- magnitude of pan.de, Ctl , -12 , -13 etc)

proportional to the quantity cement '
Hence

, Ibt cqe)
( chafe ) passing

'

s Cqe)⇒ IN -

-CIII
agony:L:↳ ie ldmqdce.tl

number of moles .
- ⇒

IAt=dn(qF )
Factors that affect Dm Faraday's constant. * in chemistry .
-

=
DM F = NA - e

' '

L
"

is used for
-

-

By the ega
in the proof , we can see TM

- EF
Avogadro's constant

that
Hence

, /¥bt¥
DM x (g- ) -
-

and it hence follows that
Dm is

affected by : SOLVING FOR NA ,

AVOGADRO'S CONSTANT
,

① I
,
the magnitude of the d. c

USING AN ELECTROLYTIC METHOD

② Mr , the motor mass

③ At
,

the time the current passes through
'

. Recall , from FTL , that

④ q , the charge on one ion '

Ace = Iast =9h÷bm .

[
waeeteramninedevi: Ising

"' Pfniismenrtesutf
Imr DtHence

, f- = Nae
=
-

USING FIL TO SOLVE PROBLEMS qbm
'

Exaz

" /Na=¥mrI
-

Excel
-

-

Exod

Exayz



THE ELECTROCHEMICAL CELL
DIAGRAM (EXAMPLE) COMBINING HALF CELLS TO

"
'

The electrochemical cell FORM AN EC CELL-

consists of 2 half-cells in

separate wmps ,
t -

mini::÷.:i÷÷⇐⇐y ..
'

÷÷÷÷÷÷÷÷÷÷
"is:

aei : i. i = EF - EE
→ electrons travel torn

the cell
.
.

\ By this
,
a defa of E-

0
can be formed :

with the lowerE0val# to znzt

the cell with theh¥-

zn
solution ↳ the

"

standard electrode potential
"

of a

half all is the pd produced when the

EQUILIBRIUM POINT OF VIEW
'

The adge is used to

half a,,
is connected to a standard

allow the ions to move ,
to

hydrogen
electrode under standard

conditions

IN A HALF CELL
ensure chagearced

-

⇐

÷÷¥÷?÷÷ IT:&"÷:÷I:÷ ↳mains .

case .
.am.at#ioomoiam-nWhy

? → all k compounds are soluble

compounds
are

soluble
dissolve

, leaving
behind the → all nitrate

e- onto the metal . → so no ppt will form
with any

↳ this result in
the formation of

ions that contact it .

↳ this results in a build-up of a dgnamiceguilibn.am ,

when STANDARD CELL POTENTIAL

electrons onto the metal
,

which the rate of dissociation = rate of '
'

standard cell potential is the pd between

is surrounded by the +Ve Mg
"

Sinan.

-

z half- cells under standard conditions

cations - µg=Mg2-_2# ( zgoc and latin
;
[all solutions] = I -00 moldm

-3)

↳ some of these
cations may

be

attracted enough
to join back

↳ meanwhile , each half a " gains ↳ IEO-ceei-EYathode-EO-anode.tlwith the elections to form
an epot , which is

-

neutral Mg atoms '

dependent on
the position of the

④ if ⇐of, , so ,
the reaction is notfeasibe .

equilibrium .
-

↳ note this EO cannot be

measured directly .

THE STANDARD HYDROGEN
MEASURING EFELECTRODE HALF CELLS CONTAINING

"

if
'

'

The standard hydrogen electrode (SHE) is HALF CELLS CONTAINING IONS OF THE SAME

used as a refaenade to measure METALS & METAL IONS ELEMENT BUT DIFFERENT
EO in electrochemical experiments - ⇐× , + -

At cathodef) : Htt Le
-

⇒ Hz Eko-00

I
, it is always

taken to have an
- ①

At anode (t) : cuecazttze-EE.to-34. OXIDATION
STATES'

tale of 0 fond
'
I'
2.
2Nd 'atm

⇒ EE,,= +0.34 - ( tooo ,
¥
'

* gas →
--

wire "Ia%IEEI ""

snow. .. !!
(2¥ , tansy

" " - - ' ' '

÷
.

✓
tube

* note the incuse TE voltmeter . I
-

'

-
- conditions of = IM Fe

"

f IM Fest

Hii:c:c 's:&:÷
. i÷÷÷ iii. + e- arena.

HALF CELLS CONTAINING
EQ -10-77V -

/ Ht solution
NON-METALS AND NON-METAL

beaker ( 1. oomoldm-3 )
- CELL DIAGRAM- IONS

WhyaPtele4wdd
: -

fi: In non -metal half cells , we use Pt -

A cell diagram
is a shorthand

1) Pt is inert ; wines & foil as electrodes ' method for describing
an

Ex's electrochemical cell -
z) Pt has moderate surface binding At cathode f-) : 2Htt2e

-

f Hz Eko-oov

energy with#
T At anode Ct) : cktze

-

a 24
-

⇐0=1-1-36V Notation

apt is a catalyst
in there

""" ""
⇒ ¥, www.co.oov

, nytimes.indem.si/kanii:neenmluean:::.c
with I \ = -11.36W -

using the
above examples :

IM Cr
.

Pt
electrode . Ext Ptcs, I Hzcg, . 2Htcg, Il Ca"caq, I

cuts )

EXAMPLES

Excel Eta ¥2 Pta, I Hzcg, ,2Htcg, It Clzcg, . 2CeIaglPt
")

Ptcs, I Hzcg, . 244g, 11
Fe"caq, . FeYag, I Ptls)

*

State symbols i

>
*.ie#:.+::i:::i::.:i:::i:i:iitiO

negative so
not

feasible .



WHAT DOES EO TELL US ?
A MEASURE OF THE REDUCING/ THE DIRECTION OF

OXIDISING ABILITY OF AN ELECTRON
FLOW

ELEMENT/ION Ex

EI IE t e
-

TF
- EE -12.87 V

-

Y Cutcaq,
t 2e

-

= Cu Ect -- to-34L

'

II:: . ÷¥÷÷÷÷f:*"' 'n'
a.

+ a- * ⇐ -ow

'

E%= EF - EE -

Energy diagram .

{Iz te
-

T I
-

'

if" from E to Is
,

EO decreases .
For Efe, , > O (so feasible reaction) .

- +o.}, (cu ,

Hence
,

are kss0 EF must be 0.34 V and EE must be -07N
.

Je,(otherwise Efe,, = - 1. lov ( co
)) .

induction ;
and cathode is Zn - - -0.7GW Ctn )

⇒ so ,
the redu.am#th of ⇒ so anode is Cee

,

the halogens deaeawn ⇒ half eggs are y
zn - Zn

" -125
. * e- always moves

thegwp . cuzttu-- cu . from
' '

- ve
"

to
' '

tve .
' '

⇒ overall ega is ⇒ electrons flow fwy In half a"

zn + cuz
-1
→ Zn
"
t Cu - te Eee half cell .

LIMITATIONS OF PREDICTIONS OF

REACTION FEASIBILITY WITH
EO VALUE .

REACTION HAS HIGH Ea
'

"

-

Some reactions may
not be feasible , despite

Ex Reaction between methanol and dichromate ions

the fact that the Eof, , predicts
it is

,
and v.v .

Here are several reasons why : 3hCHO + crz.by?-+8Htrs2Cr3tt3HC0zHt4Hz0
NON - STANDARD REACTION CONDITIONS

⑦ However , this
reaction can

- :

Eta, , = +1.27W (so reaction shd
be

feasible . )
The reaction between Mroz and C '

'

occur by heating

Mnozt 4Htt2e
-

→ Mn
" -12420 EFF -11 -BV w/ wn . However

,
at roomie ,

there is

24
-

→ 42+25 ET -11 - 3W
↳ but these are no on ( high . Heating is required

C-)

nonstandard conditions
.

to initiate the reaction -

' '

- Overall reaction :

QUALITATIVE ANALYSIS OF HOW ION
Mnozt 2cL

-

t 4H+→ Mn
"
t 2h20 -1 Clz .

CONCENTRATION AFFECTS ELECTRODE POTENTIAL .
Efe, = EI - EE .

: reaction shoutout
= 1.23 - 1.36 be feasible . Zn

"
+ 2e

-

f Zn E.0=-076 .

* use the original
= - O - 13 ( co ) - if. . If [znzt] > 1

, eq shift
to the left equilibriumegni

. Et decrease 's- from data

THE NERNST EQUATION likewise
,
ifTzn"Ici , et shifts

to the right boom .

i Ect in.

"

'

'

Under non-standard
reaction conditions .

- HALF CELL WITH METAL AND METAL ION
the electrode potential of

a reaction can

- -EI calculate E of Culcu" half cell , where [Cut] = 0.001M,

change . I and eo= + o.si
= "

"
"

↳ we can
calculate this altered E using

the

-
i

'

'

[ reduced species] not given
,
so we assume it

is

Neq
:

1⇐ew=eo+oo÷i%¥÷÷T7E"oxidation ÷:
"

'

II?. .
-

=\
"

oxidised
"

speciesI%¥E%d¥¥¥a#¥ssecies with tower ⇒ E = E
't -1%59109,0 ( higher oxidation #

)

potential of e
-

in oxidation number . = to-34 t 0%59 log ,oCo - 001 ) =

-10.2515 .

half equation =

(# of moles used )

tewmnaitiatsstd HALF CELL WHICH CONTAINS HALF CELL WHICH CONTAIN IONS

-

'298 "

NON - METAL AND NON-METAL OF THE SAME ELEMENTS IN

Faraday's and Leitha info ' DIFFERENT OXIDATION STATES
( F -- Na - e) I

#÷Calculate E of
.io,
III.a.half

a" if EI calculate the E for the Fe#Fest half cell

| [CI-J = o.io ,

and E0= -11.36 - / if [ Felt ] = 0.20 ,

and E0= to - 77-

--
"

-

[oxidised species]
not given .

so Tak it to
! Fez'-← Fette

-

. : z= I .

Ch tze
-

→ 24
- i 7=2 -

E = Et + 0-7592 log,o([p¥ )
⇒ E = Ect + log,o(¥)

= -1077 t O - 05910g ,o(o.tw)
= -11-36 t 0-02-59 log,o(o÷) = +0.81123W
= -11.3895

= -10.81 V .
= -11.39 .

=



CELLS AND BATTERIES
'

Many different batteries and cells rely on

electing
to provide power

'

ACIDIC Hz102 FUEL CELL

Hz / Oz FUEL CELLS → At the anode . He is oxidised ;

Hz→ 2Htt 2e
-

"

A
"

fuel cell
"

is an
electrochemical cell in

which Ifad oxidizes
at omelet → At the cathode , Oz is reduced;

Oz -14Htt 4e
-

→ 2h20
and oxygens gainseiectwns

at the other

elected . * The ov- is

④ A Hz requires a continuous Oz t 2Hz → 2h20 -

supply of HI and Oz .

ADVANTAGES &
ALKALINE Hz 102 FUEL CELL →acidic .

→ At the anode , Hz is oxidised ;
DISADVANTAGES OF Hz102

-
-

- FUEL CELLS
Hz → 21ft + 2e

-

- '

- Advantages
:

' '

Disadvantages
:

cathode , Oz is
red-hot"

① Lesser pollution ① High cost in

→ At the -
(only byproduct

is tho) manufacturing
KOH

Oz + zHzot4e
-

→ 401T electrodes / membrane

② Efficient ② Ineffective at low

* The 0¥91
is

③ can use atmospheric temperature

Hz if fuel Hz ( reliant on rate )

Oz + 2Hz
- 2h20

'

③ Hz is manufactured
runs out

using fossil fuels
'

* A higher of the electrolyte

( NEH or KIH) is used to increase

the rate of the reaction .

NICKEL -METAL HYDRIDE BATTERIES
'

Nickel metal hydride
batteries ( NiMH)

one rechargeable batteries , mainly used * ADVANTAGES AND

for small home
cells . ( eg

' '

AA
' '

) .

MECHANISM ( EXTRA info)
DISADVANTAGES

'

'

if
'

- Advantages
:

① Environmentally friendly .

( can be recycled )

② High capacity .

'

'

-

Disadvantages
:

- ① Limited service life

a metal . I
Triche' oxyhydroxide

② High self
- discharge

( loss in charge
even if

electrodes not
connected

to an external
circuit ) .

→ Ni reacts with the Ottis to

firm Nico ,
and this is oxidised

to form Nit
) ;

NicoH} + OH
-

→ NIOCOH) t H2O + e-.

→ The metal is reduced
to torn its

hydride , NIH ;

Mt H2O t e
-

-D MH + OH
-

* The ovE
is

Ni ( OH)zt M → Nio (OH) t MH .



LITHIUM-ION RECHARGEABLE * ADVANTAGES AND

BATTERIES DISADVANTAGES

'

Lithium ion batteries CLIB ) are usually used
- '

- Advantages
:

in portable electronics and electric ① High energy density

vehicles . ② Low self - discharge

MECHANISM (EXTRA INFO) -

Disadvantages :

→ At the angle , lithium-ion ① High cost

are libeled from the graphite
② protection needed when charging

electrode , denoted as I " ( unsafe if overcharged
)

big -
Litt e

-

t C
,

Li embedded within

graphite structure

→ At the cathode ,
the lithium-ion

(graphite) one
"

redyed
..

by
the wbaHO×

substrate :

coOz +
Lit te

- → Li Co Oz .

→ The oqt is :

Lic
,
+ Co Oz→ CG t Li coOz



Chapter 19:
Further Chemical Energetics
ELECTRON AFFINITY
STANDARD 1ST EA , DHT

eat
'

The steering is the * DHI, is (generally ) exothermic ;
enthapychange when onemoleofelectwns

↳ neutral atom has
is added to one-note of gaseouso.to# incomplete valence electronto form one mole of gaseous

- I anions -
- - - shell , so

under standardcondih ( 25°C, latm) - ↳ there is attraction
between

6%+5-11%1314=069 it and theeectwn

( to fill the
shell , so

more

stable ) .

FSTANDARD 2ND EA, DHea2
'

'

'

similarly , Dt2 is the enthalpy * DHI, (and DHe% ) are often

change when orients are

endothermic ;
added to one mole of gaseous l - ions -

- ↳ energy
is required

to overcome

to form onemoleofga2-is the,ec¥iri
between

under sis-

the electron and the anion

XgX,
( like charges repel

)

LATTICE ENERGY
'

- The lattice energy
is the enthalpychange FACTORS WHICH AFFECT LATTICE

when one-note of a solidionpnd ENERGY
is formed from its gaseons

under
① Ion size ② charge on the ionsstandard conditions .

-
iAsize ins,

LA becomes -

- As ine increases,

lessexoth-erm.ci LA becomes more

Nazg,-Cl-cg,→NaUcs,dHTa=-781kJm÷# ↳
size increases implies

charge
means

↳ cationic rad ,
increases

-

- ↳ greater cheersily
* Lattice

energies
are always exothermic as ↳ so Eit = EITHNE deceases ↳ so eiectwsiah.cat#ion

↳ so electrostatic attraction between between ions increases -
it requires the formation of bonds .

-
-

- ions decreases

STANDARD ENTHALPY CHANGE OF
a

FACTORS WHICH AFFECT
HYDRATION

, Dtthyd
Dunya g.

* specify'

"

Ahuja is the enthalpy change when I mole whether
-

- cationic or

of specified gaseous ions dissolves in sufficient ① Ionic charge
anionic - ② Ionic size

-
-

- -

water to form a vwydiuon under
↳ as charge

increases ↳ as size increases

-

↳ charge density decreases

stands. ↳ charge density
increases

\ ↳ ion - dipole bond with H2O ↳ ion -dipole bond with

eg / Natcg , → Natcaq, - - H2O molecules gets
- molecules gets stronger

weaker

*
DH

,nyd
is always exothermic . ↳ so Dttnyd is more

↳ so Dunya is less

- exothermic -

exothermic .

Why?
→ fireman of iondipole a

bounds . DETERMINATION
OF DHhyd

-

-

we can use
an energy method to

find Ahuja -

AH
,a

gaseous ions
- ionic solid

cgrdYIY.no:\
,
#Hsoicsolid)

and anion)

ions in aqueous solution



BORN-HABER CYCLE
"

'

- A Bon - Haber cycle is an energylerei

dia , primarily used to find

enthalpy changes
that

ca_nnotbemeas@direcHyCe.g
.

lattice energy ) .

CONSTRUCTING A BH CYCLE

worked example : construct an energy cycle diagram

+En to calculate DHI of NaCl - '

'

'

-

using Hess , law : /¥Efe§I¥f III. also be

t_

a.ie.cm/f.........htHtIY:i:e::#.::::i::::INatcg) t Ce
-

cg,
( using data)
-

411+107+494+121 = 355
+ IAH

,at¥÷i÷÷÷÷÷÷÷f"in. . . :::::::::÷ :

( o)
÷""%

reaction * I
,
then multiply

{ tNae_= AH with the appropriate
dvenents have molecularity factor .
"

zero energy
''

-

④
, BHF and Dhea are exothermic

so you
must represent them

with

downward arrows -

-

EXPLANATION OF THE PROPERTIES OF

GROUP 2 USING ENTHALPY.

TREND OF THERMAL STABILITY
OF TREND OF SOLUBILITY OF GROUP 2

GROUP 2 NITRATES / CARBONATES HYDROXIDES DOWN THE GROUP

"

"

From Myx to Bax
, thermal stability increases .

' '

'

From Mg ( OH) , to Bacot)z , solubility
increases -

are less exothermic

↳ cation size increases ; ↳ both DH
,a

and Dttnyd
↳ so charge density decreases ' down the group .

↳ so anion suffers less distortion(polarisation ↳ but DH
,a

becomes less exothermic by relatively

↳ the c- o bond in carbonate / N - O

layer values than DH
nya

'

bond in nitrate is
less polarised

↳ so less likely to decompose
into coal ↳DH,ar7I7→ of dottie!!!

'

-

tent!!
""

relatively larger
.

N Oz
↳

TREND OF SOLUBILITY OF GROUP 2
Dttsoi = Dtthyd - D Hia

↳ so BH
so,

increases down the group
.

SULFATES
' '

-

From my soy
to Basoy , solubility decreases .

↳ both DH
,a
and Dtlhyd are less exothermic

down the group
-

↳ however , DH,a
becomes less exothermic by

relatively smaller values than Dthyd .

↳ *ao÷→%s::÷:¥e.:*::
relatively smaller .

↳ DH
so ,

= Dtthyd -
DH

la

↳ so BH
so ,

decreases down the group .



Chapter 24:
Transition Elements

"

A transition element is a d-block element that

-

-

forms legions with an incomplete

Lull .

④ Although all transition
elements are d- block , not

all d- block elements are transition elements :

① Scandium ,

Sc ( only forms set ) ② zinc
,
Zn ( only forms Zn

")

election configuration of
Sc : [Ar] 3h45 election configuration of Zn : [Ar]3d'045

.

'

. e- configuration of Sc
"

: [Ar] or [Ne)353ps -: e
-

configuration of Zhu : [Ar] 3d
'?

⇒ ion has no elections in its 3d
subste" ' ⇒ ion has a full 3d subs hell ,

-
so cannot be a transition element .

So cannot be a transition
element .

PHYSICAL PROPERTIES DENSITY ?
HIGHER MELTING POINTS (THAN Ca) METALLIC RADIUS

?
.

compared with Ca , transition metals have

'

In Ca
, only 4s

e- involved in metallic bonding, but
'

; compared with Ca ,
transition metals have

greater
densities .

in transition metals , 3d e- are also involved a smaller metallic radius

↳ due to greater Ar
and smaller radii

in metallic bonding . ↳ due to greater nuclear charge

↳ hence number of de localised
electrons in the

↳ so force on
elections increases ↳ note p

= MT .
( MT

,
Vt )

"

sea
"

increases

"

Densities increase across the period "

↳ so stronger
metallic bonds

.

-

; compared with each
other ,

the

↳ relatively same atomic size

metallic radii for transition
elements

↳ atomic number increases
.

HIGH ELECTRICAL CONDUCTIVITY remain roughing
'

↳ this is because the slight increase in

- '

Due to the sea of delocalised elections (which
eg Co :[Ar]3d74s2 inner shielding 9

one mobile and can carry charge ) . transition nuclear charge is counteracted by the
Ni :[Ary 3%845 (so size same)

increase in inner election shielding compared to
metals are good

conductors of electricity .
(as valence e- added to 3-d ) - Al :[Ne] 353g ' shielding sand

Si : [Ne] 353ps A proton number
(so site t )

CHEMICAL PROPERTIES
' "

Transition metals display foe main characteristics :

DISPLAY VARIOUS OXIDATION STATES CAN ACT AS CATALYSTS .
'

'

'

Due to the close proximity in energy

fe-fezt.ee#toIidisatiothenmuomstwwmm
"

HOMOGENOUS
of the 4£ and 3¥ electrons '

Cr → crest, Crbt ( this is obtained
when ' '

- Transition metals are good
transition metals can form ions of

Mn Mn the 2 4S e- are lost from
homogenous catalysts

due

an:*: laI:÷÷÷÷÷÷÷÷÷
. .."". ÷÷÷÷÷÷÷÷÷÷÷÷÷÷::÷::÷÷÷"" ""

of stability . so it can form a stable ion of
+ I

-

(

2Fe
" -152082

-

is zfe
"
t 25042

-

)

REDOX REACTIONS WITH TRANSITION

ELEMENTS HETEROGENOUS
.
.

when exposed
to a suitable reagent , its oxidation

-

s Due to the pnesenceofpcrtiallyf.lk#
state can change

.

doIs, transition elements can

Mnoy
-

+ 5
+
t ft't T Mn

"
t 4h20 provide a reface for

the adsorption/

T pale brown desorption of reactantmol-e.us
-

pale green -

Popielpink

observations
: ① Initial pakgreens.tt The catalysis of the tabes using E

② As Mirai added ,
solution fades to

( almost) colourless

③ Then
,
a pepink solution

is observed -

④ If excess Mnoy
-

added, solution

becomes purple
- /

iron



LIGANDS AND COMPLEX TYPES OF LIGANDS

MONODENTATE BIDENTATE
FORMATION .

monodentate ligands
contain

'

Bidentate ligands contain the

€" " " " "" """ ""

⑦^%""""""
" """

" " It! "

"
%¥"
""

that can form
dative covalent'

lies daily
bond to a central

it donates its electrons into
bond with a metal atom /

bonds with a metal atom /
the vacant orbital on the

metal cation . cation -

¥.± , a moiecuieorion with | t.name?intigonweInmeen'formation of e.mg?onjzo.. , ¥ , . :× - cnn.ae, , e.g . E
.
! etyoa.nedggt.ie,

ion

one or more
lone pairs of

electrons
dative covalent

bonds and
,

-

o

' '
O
-

o
.

- :(N
-

.

available to form dativewvalentt.to# a complex ion -

1,2 -diaminoethane
① In order for a molecule to be a

to a transition metal atom / cation 'I '
ligand , the lone pair of e- must

"
2
- (CH2)2

- ith (or "

en
' ' )

- -

↳ generally ,

2,4 or 6 ligands will combine belocaledatthe-kentrai.at# ④
3
The complex ions formed

: : from bidentate ligands are
with one metal cation . This is why Bfz ?,÷,l3÷÷ ) is NOT

= very stable
.

DRAWING COMPLEX IONS FORMULAE a ligand . ( Lp of e- not at B ) . ④4 In order for a molecule

eg ,
metal O

'

'
'

-

checklist for drawing :
"

"

Ygeunaeeedynyahe.IS
"

tear the *
otherwise the ligand would be unstable -

to be a bidentate ligand ,
- '

- square
brackets - ④

z The exception to this rule is N 05.
: v :

nett charge of complex ion so we can
=

the 2 lone pairs must be

( µ!! on
.wmpk× - net charge of complex clearly distinguish

.

the
. .

which can function as a ligand positioned on different atoms .

-
. ①

- lone pair of
e- next

to

ligands from the outside
even though

the Lp of elections This is why HI Canet be

|-O arrow pointing ligand - -
a bidentate ligand , evenI towed metal

- arrow to signify dative molecules - ath¥M
'

though it has z lone pairs of e
?

LP of ligand cation - zt :O:

e
-

- w
!:[It stereochemical eg , [Cu (H2O )o

)
( ng- ⇒ HY )

*

impossible to force the 2 e-

clouds to a sufficient angle to[ For bidentate ) geometry . 2-1
:

-

b?
" ↳
I

'

: match the
''

slots
' '

on the metal

egz
- egz [ Ni ( en)3] atom.

l÷÷÷n÷÷÷: York. .im?j:lor-uia-wca-um-ns"
NOMENCLATURE

' "

steps :
① Identify all the identities of all Examples

the ligands present and the number
[Feeny]3

-

-is hey-acyanoferqt.CI ) ion
- [ Zn (OH>4 ]

"

→ teeny zincate CIT
) ion -

of ligands present - Gcn- iron ; and
T

oxidation number 4 OH
'

ligands zinc
,

"

II.of

② Determine the
corresponding prefix ' ligands part of anion . of Fe . Payton?

(so add -ate to

③ Determine the
root name

-

"

old
"

name for iron ) [Cruz (H2O)4)
+

→ tetraaqua
- dichlow chromium ( TI ) ion -

→ if complex
is a cation. TTTox no of

it has the usual metal
name . [CUCHZO), ]

"
→ hexaagua copperCI

) ion '
4 H2o , Zee

-

ligands chromium
Cr .

→ otherwise ,
add - ate to it

'

T T T
ox. no of cu .

( cation) -

(see table for understanding
) - 4 H2o copper ,

and

ligands part of cation ' [Cully]
"
→ tetrachloro cuprite (I )

ion '

④ Calculate the oxidation number of
→T Tox

no of cuthe cation - ( net charge
- charge [CUCNHZ)4CHzo)z)

"

- tetraammine - diagua copper (⇒ ion .

4cL
-

ligandson ligands ) . I 1- anwipnperjo
SHAPE OF A COMPLEX ION ' 4 NHS and 2 H2O copper

Tox
- no of add - ate .

( cation ) cu .

"

The
"

coordination number
' '

of a complex
ion ligands

is the number of dative covalent bonds formed Diagrams
to the central metal

ion -

① Linear ③ Square planar
-

HZN
↳ the magnitude of

this determines
the shape

[Ce: → Agt: Cl ]
-

L
"
'

pt
"
"
-

""s

* remember to show

of the complexion
:

# ce } the stereochemistry '
coordination #

= 2 - linear leg [AS"") ② Tetrahedral -

= molecularity
coordination # = 4→ tetrahedral leg [Cache

]
"

.
'

Ce
2- ④ Octahedral clearly !

=
2-1

[Cody]
"

) I OHZt.sguaepianarceg-PEY.at?n;9d ! "
"
" cel ÷"In

. )coordination # = 6 - octahedral leg [Cr (OH) , ]
" )

= OH
,

THE USE OF CIS - PLATIN IN

CANCER TREATMENT
.

" '
'

Mechanism
:

polaityycis-plat
① cisplatin diffuses through the

cell membrane
trans-platini

via passive diffusion and active transport
.

-

② Once in the nucleus , the cisplatin binds to two guanine
bases -

'

'

cisplatin is polar .

in DNA ; it accomplishes this by losing
its Cl atoms in exchange fans - platini is

not -Ifor the N atoms of the target guanine
- ↳ Ce atoms on same

so more
stable ' side in cis - platini -

*
why? N more electronegative ,

③ This binding induces the binding of high - mobility group
Chua)

proteins , which cause winks (breakages)
in the DNA strand -

④ This leads to replication
and transcription

inhibition , cell cycle

arrest and eventually
cell death .



BONDING IN COMPLEX IONS .

THE SHAPES OF d ORBITALS .

z

' "

dxy , dxz and dyz
are

Y located between axises ,

c x c x c x whereas de-yr
and die

% are located along axises .

↳ to show this . you remote
dxz dxy dy't

the
"

coordinate axis
"

if the

flies in Xz plane) ( lies in xy plane ) z Cliesinyz plane)
^ orbital

"

lies
"

on the
axis

.

c.¥% c x

Cas shown ) .
'

d×2- yr dzz
( lies in xy plane) ( lies on taxis)

HOW THE ENERGY LEVEL CHANGES
AFTER

TETRAHEDRAL COMPLEX ION

LIGAND BONDING-

' "

Before ligand bonding . all the five 3d orbitals

are degenerate .
( they possess

the same energy
level) .

However , after ligand
bonding .

the " "
""

⇐

!⇒⇒⇒¥÷÷÷÷Iae÷÷÷÷÷i:'m:&:D:!:p.:the d orbitals into a 3 : 2 ratio,

with now the day , dyz and dxz
split.

orbitals being at a higher energy
level .

OCTAHEDRAL COMPLEX ION

why? → ④ Again ,
the ligands have

a
Ex [Cuckold

?

a lone pair of electrons .

- - - -

fr

f. BE
'

the presence of
the b ligands ↳ BIT, the ligands bond

n
't

⇐

µ, y spying; 3dm fins
into

between the arises ,
which I 'ed9d*dHd"-Td"

the energy ↳ the dxzyz
and dz2 Orbitals

is where dxy . dxt and DIZ
f# Y

e orbital energy
Sap have a higher energy

level than

one
located . ce→ Cur

diagram the day . dxz and dyz
orbitals '

↳ go
,

it is these
3 orbitals that f)# ×

why? - ⑦ Ligands
have lone Pairs of

Oth
experience greater interelection

Cl / Cl

elections -
z
!

OH
, repulsion with the lone pair v

↳ e- in day. & de
' '

point
"

/ yd of electrons on ligands .

towards incoming ligands ' HzO→ f- T
but e- in dxy , dxz

and dust ( cu y

point between the incoming f \,
ligands
-

thot / THz

↳ so the day,
and dzz

,

sub shells experience greater OH
,

inter - election repulsion with

the LP of e- on the ligands .

(so they are at
a higher

"

energy

level
" ) .

STEREOISOMERISM OF TRANSITION

METAL COMPLEXES
OCTAHEDRAL COMPLEXION

GEOMETRIC ISOMERISM
' '

Note : tetrahedral -
no

stereoisomers

cage, [ may,zy ( eg [Cocuzza,
]+ , CA , B .- mono ) [MA 3133) leg [GCOH)34-120137 )

square planar
- cis-trans

stereoisomers

octahedral
→ both cis - trans

and optical
A

B B
stereoisomers - B 1B A B f .

.
A

A / .
-
'
B A

I
.
.
.
.
-
A

in
'
''
' '

'
'
s

, y
' %

, i
'
'

M M M M

SQUARE PLANAR "
M""

n.
# I Ban. A

#
I B a#t/TBB A

# / BBB
ION A A

A B

-

-

square planar complex
ions can only form geometric cis trans

cis trans

(
''

B
"

900 apart ) (
"

B
"

180 apart) ( all 4 bw B 900 ( one angle bw
B 180

"

isomers .
apart ;

"

K
"

) apart ;
"

y
''

)

n. A
A
.
.

B OPTICAL ISOMERISM * note that these
'

i.
,
i
-

'
'
' n

'
"

-

are just a fewm M cased [Mc, ]
(C ' bidentate ) Casey LMBZCZ]

B
# FM B B TBA

* treat the middle
" line

"
as a mirror - examples .

' ( Exam can ask
cis trans

c-
'

-Cy - c C
-

( same species ( same species I
'

y
l
( B about harder

900 apart) Iso apart) . ÷
,

I
.
.
.

.

"
'

) l l I
.
.
-

i
" B

.

.
.

.

.
.
.

/
.
.
.
.
. ' I

÷
.

.

.

.

/ .
-
B material ) .

M c
'

,

C M i 1
i
'
'

'

(÷
,

I
.
.

.
.
-
-

) * make sure , for each

/ TBA
) :
l

/ Bha
M l M c M c stereoisomer, you

{ '
c
) Edt / §

I TRY § (& pm )
cannot

" rotate" it

- i V B

-
c
,

I

( / B l to obtain a previous
! C - B stereoisomer -

I

[
cis

"

I
( trans )



LIGAND SUBSTITUTION/ SUBSTITUTION WITH NH3 -

ADDITION OF LIMITED NH
3 / NaOHEXCHANGE .

'
'

when limited NHS . or NaOH
,

is added
,

'
"

Ligands in a complex ion can be
a precipitation / acid - base reaction occurs :

exchanged , wholly or partially , for
other

ligands - /[XCHz0)65-2OI→[XCgH)zCHz%]-2t↳ substitution will
occur if a complex

ion is exposed to a stronger ligand
.

neutral molecule .
(most stable )

SUBSTITUTION WITH ((ONC) Cl
-

④ why is it a neutralist
* remember

,COPPER
-

;
'

All ligand substitutions
are

reaction ?

Ltcol equilibrium
reactions .

↳ [ × (Hzoggjt dissociates partially : NH
's
+ tho E NHI -10¥

'

'

octahedral tetrahedral
'

Why can 6h20 ligands fit
into the

[xcyzqyzty-xcnzoygcouyyt.tt. origin of OH
-

ion?
blue yellow solution ions

,
but only 4ce

- ?
in eat '

↳ the highly positive central cation
COBALT

↳ Hzo is smaller than
Cl?

polonaises the O-H bond
, weakening

#"t44'j How to reverse the
reaction? it - ( It easily undergoes fission

octahedral tetrahedral to liberate Ht. )
blue solution ↳ dilute the solution

:

pink
↳ [ H2o] 9 so eq shifts

to the left
.

ADDITION OF EXCESS NH3
④ Cl

-

can come from NHYCL or HCl .

"

-

when excess N Hz is added , a ligand
substitution occurs :

STABILITY CONSTANTS. Kstab
copper *must be Ef

' '

A stability constant
is an equilibrium ④theyre [cucoH)zLHzo)y]-LNHz[CuCHz0)zCNH3)4)"-2°t reaction !

constant for the formation of a complex Kspay , the more
stable

octahedral
octahedral For other elements

,

ion in solution . \ the complex
ion is . blue ppt

dark blue Sol .

you can add

# COBALT 4 or G NHz .

÷=[¥t-Co(oH)zCHz0)y]-6NHzT-CoCNHzb]"-LHz0-2
octahedral octahedral

Cg [ Cuc H2o) ,
"
] + 4NHz E Ecu CNH3)44+207272++4420 . blue ppt

brown solution

''
slab

mountain of Nits .

*exclude the
"

kicked out

ligand
"

(H2O) .

COLOUR OF COMPLEXES
- "

The dative covalent bonds DETERMINING COLOUR OF COMPLEX

from ligands causes the USING ABSORBANCE GRAPH
r

splitting of the d-
orbitals '

'
'

fi. The least absorbed colour is the blow

/ BE ↳ some electrons in
the tower

of the compound -

O energy
level d - orbitals .

after absorbing
a photon ,

can jump
to a higher

level

d-orbital , if DE
-
- hf .

COLOUR CHART
↳ the colour seen is the

' '

complement
' '

colour correspondingh of the
colour absorbed .

ofptnoon
Complement

Red 650 -700rem
Green

Yellow 600am Purple

Green
500hm Red

WHAT AFFECTS THE
COLOUR OF A

Blue 45ohm Orange
Yellow COMPLEX ION?

Purple 400am MAGNITUDE OF ABSORBANCE

NATURE OF LIGANDS

WHY ARE SOME COMPOUNDS NOT '

The greater the absorbance ,

COLOURED ? s- BLOCK ELEMENTS .
' "

stronger ligands wi" Produce a larger
the darner / more colour intense the

energy gap
when they creatively bond

e.g Na compound is .

COPPER (I) SALT to a transition metal atom -

'
'

Election configuration
: [ART 3d

'?
-

'
'

DE between 35 and 3p
is too large to be ↳ DE = hat ; so as

DE increases.

↳ all orbitals occupied -

R decreases , so complex 's
colour is

↳ so no absorption of light
in the overcome by a photon

in the visible light range . "

more towards
" the violet end of

visible spectrum .

the spectrum .

ZINC CI ) SALT
" "

Election configuration :
[Ar]3d

"
'

↳ all orbitals occupied -

↳ so no absorption of light
in the

visible spectrum .

SCANDIUM (II) SALT

' "

Electron configuration : [
Ar]

↳ there is no electron
that can be promoted

to a higher
level when the

3d subshell

is split
-



Chapter 28:
Polymerisation 
CONDENSATION POLYMERISATION

' "

I:c.es#%1e:kmni:::::sisn::::snm::::iIfn.
POLYAMIDES *i:Ya;÷÷:E÷T

functional groups , capable of reacting
with each other,

" "

Polyamides are polymers
whose monomers

resulting in the liberation of a small
molecule leg Hzo) .

are bonded to each other via amide

TYPE 1 VS TYPE 11 Polymerisation
( - n" -

g
-
) links '

NYLON
'

Type I
: the two functional groups

are Present
- .

A , , nylon is formed from condensation ④ Nylon bib
within one molecule -

polymerisation except Nylon 6 . ↳ see example to the left -

EI Amino acids

r R
R

,
i ④ Nylon G ⑦ Physical Properties

Mooc
- Ci - NH c - C

,

- N Oc - f
- Nth

↳ formed fwm
"

ring opening
' '

polymerisation .

H
H "

one of the no Y
,
HI,?hgnY¥}dn%Igm"Tonguesr unbodnwdgsoesrandom'T f-NH - between

⇒ Hooc - ¥
,

- - In - - i - mHz . + NYI homolytic fission
-€) ⇒

y,
#. ⇒

y,
neighboring

3) Low density chains .

amide ,;nuage! , byproduct - capwlactam "

broken" ring forms polymer when free radicals c

reactive free radical join with each other ⑦ Applications
(
if
"

"
)

Type II : the two functional groups
one present in 2 KEVLAR

"
T
"" "

1) Climbing rope
different molecules . '

Kevlar is formed by the polymerisation 2) Classical musical instruments

Ey Nylon bib - → *
both monomers have 6 carbon

of two benzene compounds .
atoms

✓
*
-coat can 't react

④ PropertiesHznccrlzlb NH ' "2)
4
"OH

µ, n oc -cool w/ Nth ! !

1) very strong
but flexible

1,6- di aminohexane f hexan - I, G - dioic acid

phenyl- 1,4 -diamine Y phenyl
- ' ' 4 - dio" acid

z) fire resistant

f-
'i' cctld , it - g

-

ccrizlyco
-ft n Hee ④ Applications
T

byproduct . € !- - T -
I, NOW
-

§) 1) Bullet-proof vests

ucrlar

POLYESTERS tinnitus
www.onoeornstacnaasuomh

' '

polyesters are polymers whose monomers are

bonded together via
ester ( - E - o - ) * polyesters cannot be

POLY(LACTIC ACID)/ PLA *
lactic acid can be manufactured by the

used to package acidic ↳ formed from lactic acid

links . ( z - hydroxy propanic
acid) -

EY!;!!:{me. .mn.se. .. - a.i.
alimentation

* ÷"%o÷"no. % :p;:c::::p...
H H materials

and ethan - 1,2-
did -

④ Condition
2-hydwxypwpamoic acid If 2-hydwxypwpanoic

acid z) meshes for medical
-
heat at 280°C

implants
* oc - co to - atzcth - OH - w/ 510203 Caroline;D

""'

f- o, go
- o ,

"

Ii) + nwo ④ Limitations
phenyl - 1,4 - dioic acid µ ethan - 1,2 - did as catalyst

-

T ,) Low melting point , softens
around

④ Applications byproduct 60°C - Soc

( % - I- O - Ctkctlz - O# + NHI ↳ can be mixed
with poly ( lactic acid ) ⇒ cannot be

used for hot
drinks-

/ natural fibre to produce
terylene byproduct .

a variety of fabrics
.

DIFFERENCES BETWEEN ADDITION AND CONDENSATION

POLYMERS . Elimination of
molecules ?

Functional group
on

monomer Difference
in EF bw

VS - FG on polymer polymer
and monomer

different yes
condensation different (generally Hcelttzo)

(contains amide tester linkages ) (removal of small
molecule )

Addition
the same none none



DESIGNING
"

USEFUL
"

POLYMERS

(ENVIRONMENT AND CONSUMER FRIENDLY )
CONDUCTING POLYMERS

*

specific to

addition polymers .

DEGRADEABLE
PLASTICS

Thermosoftening
Plastics (thermoplastics) *

addition eg poly (ethyne ) / poly
(acetylene)

photodegradeablePlast # polymers *
a bond is broken during

.

photo degradable plastics incorporate eg polycethene) fats- crkf "Y' c' ⇒ III.iii.If wYy?Y Essig as are closer to

C -- O bonds into their structure
.

the nucleus than
IT bonds'

"
Thermosoftening plastics

one

**

↳ c=o bonds can be broken easily plastics that soften ( and eventually The C backbone of the
→ so o

bonds are stronger

upon
the absorption of UV radiation .

melt ) on heating . polymer is conjugated " than IT bonds .

↳ consists of alternating C -- C

↳ this leads to a greater decomposition ↳ during heating , eventually ""9h
and c-c bonds . .#ceouoerabponodf

rate of the polymer
'

energy is supplied
to overcome the

jointed's )

↳ esters weak id- id forces between 10^9 '
-

conducting polymers can conduct
coverup of

Biodegradeablepto.sk# chain molecules . electricity due to the presence
of P orbitals

eg PLA fo .
'

c'of a long chain of delocalised /mobile

Thermosetting Plastics
* much stronger

than

- thermo softening plastics
- elections -

"

The ester linkages
in PLA

eg epoxy
resins ( see below ) ④ molecular geometry requirement :

can be easily hydrolysed' either .

.

In the manufacture of thermosetting plariarmoecue

- under acidic / alkaline conditions
, of plastics , covalent

bonds one made µ - c - c - c - C
- C - C-1 ↳ so p

- orbitals overlap

- in the presence of an enzyme between the original polymer
chains with each other .

( esterase) .
to give a cross - linked

structure ' I ④ advantages of conductingformed from C -- C in

polymers :
↳ the resultant lactic acid can then

effectively creating one gigantic conjugated backbone .

1) more resistant to corrosion
be easily metabolised into Oz and H2O

molecule -

z) more lightweight /
less

by organisms .
↳ significantly more heat must dense

3) more
malleable

be supplied to break the

strong covalent bonds .

↳ instead of softening 1 melting ,

thermosetting plastics tend to

blacken ( but remain solid) -

NON - SOLVENT BASED

LOW- DENSITY AND HIGH DENSITY

ADHESIVES CALVES )
'

"

Traditionally , solvent - based adhesives are used ; POLY (ETHENE ) / LDPE &
HDPE -

in these
,
ester - based solvents leg CHI00443

)
HDPE

LDPE
-

are used to dissolve a polymer
that will serve

-

very
little

as an adhesive . Subsequently , the
solvents are

structure : high number of
branchingbranched chains

evaporated .

↳ however ,
these have

some disadvantages
:

Iggy If
1) solvents are flammable

;
and

higher
- HDPE has a greater

z, some organic
solvents are harmful to

melting point :
lower

surface area for the

formation of id
-id forces

our health
.

between polymers
.

Hence
,
we have

started to use non - solvent based

adhesives instead - densities : lower higher - HDPE polymers
are more

tightly packed with
each

④ Epoxy resin other

monomers :

diepoxy
and diamine .

applications : 1) plastic bags 1) plastic pipes

2) plastic
milk

- if
'

.

Epoxy resins
are thermosetting : bottles

they form an
extensive network

of covalent cross - links within

Advantage
: their structure -

① Extremely strong

② Heat resistant
.

④ superglue
↳ formed from the addition polymerisation

of CHz= ( CCN)
coocrlz ,

in the presence
of

3) nucleophile formed can react
moisture -

z, a bond undergoes w/ another molecule -
heterolytic
fission H

H2O :
#Hz - CN ⇒

'

Ot
-N

,
er

•g
- CHZ- C

-

- CN cuz- g
- CN

H l

l) water datively COOCH
} 4) O-H bond COOCH

,
[00043

bonds to Utz undergoes heterolytic fission
to stabilise the charge

-



POLYMER DEDUCTIONS #3 IDENTIFICATION OF THE REPEAT UNIT

OF A CONDENSATION POLYMER FROM

#I RECOGNISING THE TYPE OF
z

'

'

If a monomials contain

two different functional groups GIVEN MONOMERS .
POLYMERISATION FROM THE

at the end of the monoMets '
-

-

To draw :

MONOMERS GIVEN
.

there is a high possibility it undergoes ,) Draw product formed
if monomers reacted

'

If a monomer contains
a

'

condensation polymerisation . together :
then

2) Take off the atoms at both ends that would"

there is a high possibility it undergoes
be lost if another 2 monomers were

to react with

eg u
addition polymerisation . ,

H
-

H
"f , Y ④ - C -

those groups
-

eg -

c c C C - c '
I

/ "
o

R eg a
H
t '

cuz Nyc noo c -OW
-COOH + no - (Cuz > 4- OH

I

#2 RECOGNISING THE TYPE OF

POLYMERISATION From THE

-

'

If the polymer
" backbone

" f ! -

I
- o - Cathy - o - i -⑦- I- o - cash, -of

contains amide fesler links,
X

-

POLYMER. the polymer is a condensation eg
'

Hzc=g,
- CN t

tizyc
-c= +

'

Mz

polymer.
(
backbone . I

'

! If the polymer
"

backbone
"

contains only

c." ""s
.in . nm.mu . ÷i÷÷i÷÷÷÷÷÷÷÷i÷ :&:÷÷÷÷÷÷.

er Fasone
.

"÷÷-"÷÷t in

. :*
. .

#4 IDENTIFICATION OF MONOMERS FROM

CONDENSATION POLYMER
eg

E-Teti -f
" "

FYIidentify the small molecules that one given o v
l
,

off during
the polymerisation reaction Ce-

"

c -
I - ee u- n

. q
- u

*
U

2) Then
, replace

them on the reactive functional "

safer
.. to put

-COI than
-
COOH

groups on
the monomers .

(more reactive)

COPOLYMER ISATION CROSS - LINKED POLYMERS
'

Copolymerisation refers to the polymerisation
-

'

-

cross- linked polymers
are formed when the polymer

chains can join with each other .

of two or more different monomers .

↳ condition : presence of side group
on chain that can link

Ya
- - §! -woo - kg - coon to other chains .

④ Advantage :

µ eg hydrogel c) Harder
I

i

fo - gin
'

-
E
- o . ! - if - ca

.
- gu
- ah - cu -

ca
,
- ga
- in
.
- on

a stronger

cuz of,
3) More flexible .

Hoc#c
-
""20"

⇒ o
- Chon

'

fthcoo§ c

,

O
, CHZ

-

gu - cuz
- In - ah - g -

O

l
,

-

gu
- cuz- cu - cuz -



PROTEINS HYDROLYSIS OF PROTEINS

'

-

pwteins are formed through
the polymerisation of

- '

'

under acidic or alkaline conditions
, peptide bonds in proteins

amino acids
, making them polyamides / polypeptides . can be hydrolysed , resulting in a mixture of polypeptide

fragments .

PROTEIN STRUCTURE
eg phe - gly - ala - asp -gly

- met - tyr
PRIMARY N terminal Irbamino acid

• YOO
-

-

The
"

primary
"

structure consists of the
• qamaina.gs . - c terminal I ↳

asp -gig - me
! Hr

amino acid sequence /
chain -

"

"

•
'

a
.
. . . . .

.
-

•
'

•
"

•

amino acid

phe -gig - ala
t etc

i ala - asp
amide bonds

Drawing : pick two
random amino acids

(peptide bonds )

and draw - leg aly , Ala)

ii.iii. iii. E-

SECONDARY
'

The secondary structure of a protein is the

regular structural arrangement stabilised by hydrogen

bonding between the N-H group of one peptide
bond and the C - O group of another

.

① Alpha helix ② Beta - pleated sheet
- -

- a rod- like
structure

o
- a sheet -like

} - stabilised by H bonding my -
c'
'

m structure

%)
between N -H group

and GO ¥ - * bond
- stabilised by H bonding

° between N -H andb'Ind
group me-rim ceo groups

in

*
H bonds formed are parallel a

different chains
with the

"

long
"

axis of the mmmm

helix .

TERTIARY
-

The tertiary structure of a protein is the ailing " * due to sidegwups ,

folding of it
due to interactions between side

not between atoms

chains on amino
acids

, giving it
its overall

3D
on peptide links

.

=

shape .

Drawing :
select two interactions from below .

③id-idfo#
① H bonding
-

eg
,
Ala
' d

✓
Phet

*
occurs between Z

eg yser
' and ,Tys
'

non -polar groups
.

/ 1H bond
'

⇐ o r yivamwaiiind ,O = C

, / o -
- C

(
CIO

ng
- cuz-

'

-

'

H'
' ' ' '

n - cuz- CU U'C - CH
,
iii. . . - cu

U - N In - U l

l u - N
'
n - H

l l l
Ser / /
I Tys

/ r

/
Ala

,
Phet

② Ionic bond
-

eg glut and
fly
! 40Disulfidebn.cl#

ONLY
,
cyst and
,
Cys?

* oxidation

/
reaction .

I
0 = C o c=o
\ X / y l

UC - Ckzctlz - C Hznt - (cnpc, - Cn u
-

- C yc :O/ L
e
.
'
'

l
U - N O

-

'
n - U

l ion!c bond ,
UC - cuz - s s - cuz - qu
l N - U

U - N

✓
alu
'

, Lys
-

l l

*

formed between ionised acid

,
cyst

t
, cyst

and ionised base chain .

✓
disulfide

,

O - c
- bridge .

c > o

l l
- - -

-

i

cuz - is - S
,

- cuz - TH
I '

-
- - .

l
N- tf

a -N
, I



STRUCTURE OF DNA DOUBLE HELIX STRUCTURE

'
'

DNA is in the form of a
double helix

,

"
'

DNA ( deoxyribonucleic
acid ) is formed from

ie two interlinked spirals :

monomer units called nucleotides .

-

④
,
In DNA :

y
.

-

deofxynjbeogser CAT) : Cac ) = l : 2 .

•

.

- -←g-
⑨ adenine thymine / ④

z A. a , Tgc
are planar structures :

--

Extent EEK, :÷: in:3: ¥÷/ hydrogen ③ ④
3
There ane z fl bonds between *

⑨ bonds - phosphate *F-

f. o
guajine , yasmineµ sugar A&T

,
but 3 between Gdc -

•
IF

04 ④
4 Left and night chains

are

*£

/ OP
'
'

inverted
"

from each other
.

"

"

/ ④
5 A - T & a- c one complementary

.

.

bases ( they always go together
)
.

DNA REPLICATION -

'
'

'

Replication : copying of DNA during cell

division
.

*
DNA replication is a semi - conservative

:÷÷÷÷i÷:±:÷:÷.÷. I:÷÷÷÷:÷÷÷÷÷:÷
② This causes the DNA strands to unwind .

③ Nucleoside triphosphate are brought up

one by one to the separated DNA chain .

④ Complementary
bases join to form a new

strand of DNA -

⑤ This process
is catalysed by DNA ligase &

DNA polymerase CI ) .



Chapter 29:
Analytical Chemistry
PROTON ( ' H) NUCLEAR MAGNETIC
RESONANCE ( NMR) solvent

'

sina.r.sn::c:": :::: ÷i÷i÷÷÷÷ siege: is:÷o÷÷. ÷÷÷÷÷÷÷÷÷compound .

which would affect
the

WORKING PRINCIPLE TMS ( tetramethyl silane ,

or Si""3)4) -

spectrum .

'

i
' '
H NMR focuses

on the hydrogen atoms ↳ Tms displays small chemical shift due to strong

shielding effect from elections .

in the organic compounds ; in particular,
*

C- Si bond is not polarised , so H atoms are

we examine their
"

spin
'

:
still surrounded by e- clouds -

↳ this spin induces a magnetic field ' ④ chemical shift of TMS is set to O
-

whose polarity is determined by the

CHEMICAL ENVIRONMENTRH grip rule :

'

"
The chemical

environment refers to the groups

of molecules
attached to the C bonded

↳ to,i÷÷÷÷÷÷÷:÷:÷÷÷§i÷:&:
'

wit:±±÷.ie:::* .name#
pointing downwards

.

↳

the number of chemical
environments .

✓
GH are affected by

the
"

same

z group
"

,
so same proton env .

-

prior to the addition of an external MF, both
eg
' es

cuz
In this

,

there are eg3

spin states possess
the same energy

level .
ee "{7÷:{IITs.

"

§ e

'enrichment. ④c , ④

↳ however , upon bringing
the sample into the

,
, ,

④ o

machine , it
is brought

under the presence gly this env 9 CS proton environments)

of an external magnetic field
. ygcageseiteiedwbonnedaedve egs

- since the proton's MF f - since the proton's
MF element ) Tbf CS proton environments ) .

is in the same is in the opposite direction C o

direction as the G 5 µ ①d as the external MF , eg
"

"3C
'⑨I °

-
c

9
④c - o - g - cH③

e

: n'am: y icing;
higher %i¥k!÷:÷÷!!

"
join .me. .. .. ..

.. upwwnennwnnenn .
"

energy
state

"
.

external one chemical
at the same groups ,

so they * sequence of
"

groups
" matter .

MF environment '
are only counted

as l chemical

polarity environment.

↳ the resultant non -degeneration of the two
spin

slates can be shown on an energy
level diagram

: RELATIVE PEAK AREA .

- if" Area under peak equals the number

⇐ ^ *

DE is in the
' '

radio of H in the chemical environment
.

frequency range
" ↳ given in

the spectrum .

|
, -

¢,

# Jose
( ie DE -- hfmaio) . PEAK SPLITTING

1 t
'

In high resolution NMR, due to interference

- of magnetic moments . peak splitting
can be

ngqy.omjngg.IE
?
"

observed .
'

'

fi; subsequently ,

a radio tetany pulse is applied ↳ peak splitting
indicates number of it in 9 ÷!÷f÷÷÷÷I÷.aeighbouringatoms.tt

* adjacent , or
"

one step away
"

↳ upon absorption of a photon , a proton
( left, right , up .

down )

can turn into
"

spin ctown
"

.

Then ,
"

spin up
" Trent *

Hon blenzene will not be
spitted, nor split others

.

upon
relaxation , the proton emits a photon

Number of H on
' '

nti rule
"

splitting pattern diagram ⇒ so singlet .

in the r.f range. neighbouring atom
*
however , in a , splitting

O l singlet (s) A may be given as

↳ resonance of the proton hence occurs . multiple"

neighbour has 3¥

a :÷÷÷;:* ;:÷r
. " i::i::i:i?mm]÷o÷④÷÷:*:÷.↳ by examining

the specific frequency of 3 4 quartet ( q, M
"

Tipu?
so

see next page)

the r-f pulse needed to induce
I :3 :3 : I( TITLE

"

photons . 4 5
multiple- cm) Whr

.

Mm
,

etc .

⑦ Why ? Examples yneighbowingc
has

• the more electronegative
the chemical

-

zu. ⇒ quartet splitting
pattern .

engaging:# of:t:L:L:[inning.
'I.net 9

'

- c - F

• hence
,
the

"

repulsion
"

between the proton's
↳

e- decrease
"

influence
"

,
qq.ywtnonam.gg

.

%
f

MF and the external MF is greater . Of the magnet
'

neighbouring C / O- neighbouring atoms has
GH

,
so multiple .

( for spin down) - has 2 H . neighbouring atom has

• this hence increases DE -

⇒ triplet splitting l H . so doublet .

*
note : f DE , 9 chemical shift , f pattern .



LABILE PROTONS DETECTION

'

'

if" o - tf , N - it and S- I are labile protons i
- '

-

we can identify
labile protons by

adding

heavy water ( 130 ,

where D=
2

,
H / deuterium) .

they are easily exchanged with the
-

Hzc- O- H t Dzo L Hzc- O - D
t DHO

surrounding solvent molecules -

↳ since D does not get
detected , the peak

ie

Hye - O - H x H -
O
- H T Hzc - O - H t H

-
O
'
H -

that stemmed from the labile proton group
rIswa# w '

pgedisooapperagrj to be overcome by radio feat

swap . *
why

?

photons.
④ Labile protons will not be spitted me ↳ Before they can

will they contribute to the peak splitting establish their
own MF

, they are

of other H . already

( they will always
exist as a singlet ) .

"

exchanged
"

.

ANALYSIS OF A NMR
SPECTRUM

Exa '
--

r initial data given .

( molecular formula is C4Hg0z ) .

3/00
: look fo

g
(

① : # of peaks = # of proton
environments .

Ent fo :÷÷:÷÷¥i:÷:÷¥÷÷÷÷÷
::.it#e::esiio:n:::iim

Example : for
the peak at 8=2.2 ppm

;

- singlet splitting
indicates neighbouring

atoms

has no H -

-

peak area =3 indicates group comprises of
3h .

- 8=2-2 corresponds to an
"

alkyl next
to C -- O

'

!

✓ Together , these
allude to the group

" O ' ' Then
,
the singlet splitting

"
tells us the adjacent✓ ④C - C -

groups have ne H .

/
w

③ : once you
have determined the groups peak area =3 '

g = 2.z- 3. o

responsible for each peak , string them (✓ )
( ✓ ,

all together to find
the molecular

being in the molecule .
Structure .

Exod

why
?

fee:: si::
:c:

on .

g)
-

Yea:c::a: peg:
. waw.



CARBON - 13 ( '3C ) NUCLEAR MAGNETIC

RESONANCE ( NMR) ③peains
④ There is peak splitting due to

COMPARISON TO
'H NMR

WORKING PRINCIPLE an extremely unlikely chance

if
'

:
There are a few

notable differences
( o.o,zy. = c , . . ., .gr) of getting 2

' 3C do not consider

'

'

III. TIE .sn:7
':L II.

"

and

① cnebme. ni,

' " and
'"

②7n:÷nemmn next to eachother . } '

igniting
ma

- ④ Peak area
1. 1.1, of the atoms are

'3C -

④ 13C NMR g values are ④ In
'3C NMR "
-

↳ however
,

the nucleus of
" C has

larger than
'
H Nmr s Cwbonsthatcarrythesamenumbero#

④ peak area cannot be used to determine

H
,
and have the same

"

structure
"

the number of C to which it

a resultant spin , whereas the values .

nucleus of
'2C does

not ' ! Yo!;! ! , I beonnn.dwedntmoe.it , possess
the same

corresponds .

-
↳ hence

,
the nucleus in

'3C can
behave

like a tiny magnet , similar to how the *

Why ? (Chas Ge:

CHEMICAL ENVIRONMENT ANALYSIS→ extent of H has le
-

)
.

proton in
' H acts .

odfesekieldienfy, eg
'

cuz eg3 uooc
,

*
the

' '

theory
"

follows rough'T
the same Stm""

geiger
's

,Enism , u
, ④z

- o -④iz ↳ environments .
on Informants

.

as
' H NMR '

IH . t Hoo c
'

*

try to look for"

symmetries
" within

eg
-

TOH,
the molecule.

ANALYSIS OF A '3C NMR
www.ments .

*

analyse A" '

10€
on benzene .

SPECTRUM o

EI
⑥Given info :
- F is a carboxylic acid
- F has a molecular formula of Cstfooz

i ① Analyse the peaks
:

( i ) 8=25 → corresponds to C in

alkyl .

( ii ) 8=40 → corresponds to C

iii
ii next to carboxyl

( iii) f -- Igo → corresponds to C
in carboxyl .

② Deduce the structural formula :

CH3
* 3 different peaks

I indicates of
'
]

!
" 3 different c

ci ,

'

!
ennwnments :

MASS SPECTROMETER THE anti PEAK
in

As : used to determine PI
-

-

If. There wi , , always be a very
small peak Inst beyond

an element -
the molecular ion peak at a mass of M" '

where

A-2 : used to determine tee of
M = RMM of the molecule .

a compiled . when one c in the
molecule

↳ this is caused

is
'3C ( instead of

"C ) .

MASS SPECTRUM OF A COMPOUND abundance
,.eu, pom ④ Thenatoms

in the molecule

- :
In a mass spectrophotometer ,

the sample is

MASS SPECTRUM ° is given by µ , peace

"is:÷:÷÷÷÷.it . .mn.eu.msn.en.si#!i:::nc=iFxIaEI:;::::Tnn:Mpeak ( round Nc to nearest

FORMATION OF MOLECULAR ION

g
,

① Tyga,rightmost
cand

"

highest
"

)
integer . )

is the RMI. of
-

'

fi
'

-

The high-speed
electrons

' ' knock
"

away
the compound -

election from the molecule . transforming it y O ie RMM of '"3"
""" "

'

THE M+2/M+4 PEAKSinto a cation with a + I charge
.

③ The peaks on the left \②m1z = m ,
since 7=+1

eg o aqamtIRYffhoefmtoihecuie.cz -- charge , m -- regulations,
"""" -

'

'

Mtz and Mta peaks can be observed if the

compound contains one
,
or two , Cl or Br

atoms .

µ, µ
,

+ e- → (u
,

cu
,
]
+

+25.
m=zq → [agent *

use the notation

why? - ee exists as 35cL and
'ke

m-
- 43 → [CH,cuzcuz]

" "

[ molecule ]+
" "

75.1. 25-1.

to describe fragmentFRAGMENTATION M
-

- 57 - TCHZCHZCHZCHZT! structure .
- Br exists as 79cL and

' ' Br

-
'

-

Molecular ions are energetically unstable , and they got. 501.

will break into fragments spontaneous 'T
'

ONE Cl/Br ATOM (M-12)
↳ they do this via the homo) hetero'T " ' EXalCH Exa 2 CHZBR

fission of bonds - n -

ymccnz
"Br)

*

single bonds usually break first before
,
M kHz

"
Cl)

abandon
an

←
Mt2GHz

"
Br)

double / triple bonds -

✓
putz (cuz

376)
e.

,

""

.

tell
.

ugh ' ch ,
⇐

Hzc : + :c"%µ
,

f Hzc - t t
' ' Hz myz

*
a molecule can undergo fragmentation

more
*
relative heights of

M " M"

* relative heights of M : M-12

is 3 : I
than once .

= is l : I
=

'

HIGH RESOLUTION MASS SPECTROPHOTOMETER TWO Cl/Br ATOMS (M-12 , M-14) ExaBrz
-

'

:

High resolution spectrophotometers
show more Exod Cheez a

accurate values for isotopic
mass and RMM of the ion '

n

y
mezpeauccuz

"a"Ce)
✓
mtzpeauccn,

"
Br
' '
Br)

↳ this allows molecules with relatively close RMM

van. . :: :.ms:S.:c:.

"

"
"

¥
..

"

"
""

eg (CzHzN]+ 45 45.0578 g
m : Z

,
= ft *why

?

Mt2 : 214K¥) -- Fo Mpeakccn,
"

Big)
m : I -

'

z
: Ty

kHzNOT 45 45.0214
*relative height's

"

!!
"

'm
"

?.hn?z:nt4m+u
: 4. ÷,=÷ .

} "!!!÷÷!
"

*relative heights of
Mintz : Mt't

MH : Hz -II 't .

M-14 : '

z .
'

z : I, .
is 9 : G : I . is l : 2 :L .

= =



CHROMATOGRAPHY
"

chromatography is used to identify the amino
acids present in a polypeptide . THIN - LAYER CHROMATOGRAPHY

y
usually non -polar .

↳ all chromatographic methods use the same

..
.. WORKING PRINCIPLE ( careful : some gas May say

working principle of a mobile phase
--lid

-

; Mobile phase : solvent polar mobile phase ) .
I

(a liquid or gas ) moving past a
"

stationary
' '

Stationary phase
: thin layer of a

solid such

phase .
~, usually

hnjl÷÷It:÷÷÷÷: ai:÷÷÷÷:÷÷÷::":*. ⇐
thin- layer chromatography adsorption Rf solvent

'
box .

; The method used roughly follows

gas
- liquid chromatography partition Rt

'

Esentially , TLC relies on paper chromatography
.

adsorption to separate
the

-
-

If the compound can be

components in mixture.

adsorbed (bonded)
onto the

PAPER CHROMATOGRAPHY ④ Adsorption : a
measure of the

solid; surface ,

varying strengths of the bonds
( either through poLWIH-bonde.de f polarity ,

WORKING PRINCIPLE →
' '

non - polar
"

the compounds form with the
interactions , or acid

- base

j distance .

✓
supporting rod

'

'

"

Mobile phase : solvent ( CHZCOOH ) stationary phase - interactions , since sioz is slight'T
l

-

acidic )

paper§µ÷¥,
- '

'Mmk stationary phase : weather.ee?eoFFaper. '

tycwmisangrefei;D .IE?e:artsnnenor+theaig.mahE.mdwi
" '" a

✓sbaemspep
'

d

↳ "

poler
"

'

,) more reproducible
results

' '

. ① A small spot of the
solution is Placed

z, can be used for
smaller samples .

/ 3 about 1cm from the paper edge -
reference

L solvent
"standard ' "Booth ② The solvent is allowed to evaporate ,

qpyg-LIQUID CHROMATOGRAPHYsolution"

allowing the solutes to be adsorbed
"

Essentially , paper into the paper fibres
. WORKING PRINCIPLE

chromatography relies on

③ capillary action draws the liquid up if; Mobile phase : inert gas . eg
He or Nz

partition to separate
the

the sheet ; as it passes the point
Stationary phase

: non- volatile liquid . eg mineral oil

mixture's components . where the spot has been adsorbed,
coated on small particles .

⑦ Partition : the separation of the mixture will partition themselves

compounds due to
their between the cellulose surface and

the

I GL chromatography relies on partition for

different solubi lilies
in moving solvent -

separation .
two solvents/ phases . -

The resulting paper wi
"

consist of a series of dots
-

cinert)
-
'

if
'

; The higher the
molecule 's

"

volatility
"

if stationary phase
is

-

'

"

-4 The solvent is usually less Pole
the components of

the original nar'

Ii:÷÷÷÷:÷÷E7.on.. iii.tis:". . omnes::#sign :*::'ve: ::. tie:#tie' 'm;t::a::¥I"hint: ) this:::m÷+..the carrier gas
-

m ,
and hence it will travel

slower slower .

%7f.ie?dsw:nueY.s'TesYpo%7dasm
"

?÷?¥!:p!I7! ② the factions travel through
the through the machine .

compounds with fewer H bonds
- original mixture

"dot
"

tubing towards the detector. €
( stationary phase of molecule ) .

travel a larger distance
. '

Hence , the
mixture's components can be

bile → the more volatile the compound is '
*

why? → more polar = tes
in the mo

distinguished via retention time (Rt ) :

phase the longer it
will take to travel to

= greater
with

④ Retention time : the amount of time
the detector.

H2o molecules between fibres
elapsed from the injection of a sample

= lesser distance travelled
'

into the chromatographic system to

the detection and recording of
its

peak.

IDENTIFICATION OF COMPOUNDS
'

Separated compounds
can be visualised by spraying

the paper
with :

i ) Ninhydrin - amino acids, small peptides

ii ) Toller's /Fehring's reagent
- reducing sugars .
e-g glucose,

maltose}
contain aldehyde
functional group

.

iii ) Iodine - most other organic compounds
'

Different compounds
travel up

the paper

by varying distances . We can quantify

this by using
the retardation) retention ratio

( Rf ) :

④ Rf is the distance moved by the

compound from the baseline , divided by

the distance travelled by the solvent front .

ie

H7
*
the lower the Rf ,
the more polar the compound
is . ( if mobile phase is non

-

polar) .

TWO WAY CHROMATOGRAPHY
'

Each compound has
a characteristic Rf value in

a particular solvent .
However , some compounds

have the same Rf value in the same solvent .

↳ when this occurs , we can use two -way

chromatography to distinguish the

overlapping mixtures
.

Method
-

① Carry out chromatography
as normal

② Allow the paper to dry out completely
,

and rotate the chromatogram by 90
'

.

③ Re-run the test , but use
a different

solvent '

spots from
solvent#
I '

- i
•

said • /i
• •

i
a ÷ - - - - -

- - - - -
- - - - . .¥¥spts were superposed

initial
solvent 2

during the
1st test !

spot

→
alternative term:

elude

-

DETERMINATION OF THE %

COMPOSITION OF A MIXTURE

omen
IN ↳C

'
' '
' The -/. composition of a compound * in exam

, peaks will
be

resp A triangles.
d in a mixture can be found by

the :÷÷÷÷÷÷÷:÷÷÷÷÷:.
" ""

t

"

t.ofainmixtune.PE?ua::otgaA-xiootyT
APPLICATIONS OF GLC
① Detection of drugs in athletes

' blood (urine

② Detection of pesticide
residues

③ comparison of caffeine
contents in coffee .



Chapter 30:
Organic Synthesis
SYNTHESIS OF CHIRAL

DRUG MOLECULES

' "

Many drugs
can be obtained from natural resources ;

eg Taxol , an anti
-cancer drug ,

can be
obtained

from Pacific yew
tree bark .

↳ however , a large
amount of natural

resources

is required
to produce

a small amount of drugs .

↳ this led to scientists investing
lots of research

into finding synthetic production
methods .

ENANTIOPURE
DRUGS

-

The main
"

requirement
''

during synthetic drug

is the production of enantiopwe
'

'

j Reasons :

'

synthesis , It ,owdes¥fect
due to

drugs i ie only one optical
isomer of the

the other (harmful)
enantiomer -

drug.
2) It is chef in

the long
-run

,
as it is a

waste of money /
materials to produce

a drug,

Naturally occurring drugs are also

enantiopwe ' which only half of it
is useful -

why? ① In biological systems
.
molecules are

synthesised via enzymes ' 3) The patient dosescanbesmo.tl#
since all of the drug

is active
.

② Since enzymes
work in a lock

-and -key

mechanism , a
molecule has to be

exactly the right shape
to fit the 4) The pure

enantiomer is mt
and has

better therapeutic activity
.

enzyme
.

-

③ However , different arrangements
around a

chiral centre will force an entirely different
'

Methods to synthesise an
errantopine mixture :

shape on the molecule i hence , it will
not

,) chiral catalyst t enzyme

fit the molecule anymore
'

z) chiral pool synthesis

3) Optical resolution
/ use of a chiral auxiliary .④ Consequently , enzyme systems only produce

a single optical
isomer because that

is the

only shape they
can

' '

work with .
' '

✓ x

QQ ED
enzyme substrate

'' flipped
'
'

SYNTHETIC ROUTES
'

In order to synthesise
a new compound , Exod behZenedi0e Exa-3methyebcnzene-pn.cat#CH3

chemists tend to use a starting
material

Ho
-a ¢ conc two,

t conc Has04

exhamctefy.IT?+aoaamsI.ensYg7rgasniYs7eaIiions . " ftp./mceIEaf!h?9fan.oan'
"
' '
heat

✓mechanism : electrophilic

/ ( electrophilic
substitution)

f step
substitution .

*
reactions are derived from ASIA2 Organic ✓

HO# CH3
chemistry . Me

under X
H O
'

y Krqu×
in ethanol , heat

µ,

Exod kaNdye mechanism : nucleophilic 1

! step 2 substitution Noz kung /Ht, heat under reflux

zt conc HzS04
at F-55°C Imechanism : oxidation

f step ,
/ TuneIn"aIi°m : electrophilic subsea

no# f step
of NOT ions ④ CN COOH

g-\
( HN03+42504→ H2O -1 NOT t HSO4- ) H O

'

I
⑥
- N°2 y

LiAlHy in dry ether X

f steps / smnectnanw.FI?reduction of nitrobenzene ! step 3
mechanism: reduction ④

y
socez at rip

into phenylamine / mechanism : nucleophilic
- NHz N°2 substn

f step , t
Nana + He '

" ""

Yooo~%nµ, fsztep
cool

nice. lamination ×
lol

! Step 4
/ Phenol in NaOH,

heat under reflux V
\ Sn t conc HCl at

-1=552

I
N°2

mechanism : reduction

D-Nan -⑦-OH faster
/

cool

*
y

+ conc Hzsoy .
heat under

④ reflux .

✓
Ho

#
"

mechanism : esterification /NHL

f step
condensation .

nd
-
i -out
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