|- Experimental chemistry

expevimental design :

= mass (ko)
=>beam balance, electronic balance

= time(s)
—> stopwatch

- temperature (°C)
> thermometer

- Volume (m*)
—> measuring cylinder 5
—> burette C2d.p-)-> ntavest 0-05cm
- pipette Cld-p)> 20.0 cwm?, 25.0cw?
-> 9as Syringe

methods of purification and anarysis:
- filtration solid - liguid
evaporation
crystalisation
fractional distillation
simpie distillation
= Paper chromatogra phy
= pure Substances

-> fixed m-p. & b-p.
- impure Jubstances

liquid - 1{guid

- m-p.& b-p. 0VEr a vange ot temperatures | SOIVEMt has vapovised.

2. Kinetic Particie Theory

crystanisation:

-when a sugar solution is strongly heated, the sugar burns and
breoks down into & black solid-Theve fore, Sugar cannot be
separated from its solwtion by evaporation. Same Solwtes
Cdissolved S0lids) may decompose ov break down into Simpler
substances when heated.

- wused to obtain & pure solid from its saturated solwtion

evaporation {o dryness:

= Substance with o lower boiling point will turn inte agas fivst,
leaving the other substance béhind. \n the case of seawater,
the solvent has a lower boiling point thawm the Sowmte. The
difference in boiling peints com be used to separate the dissolved
solute from the Solvewt.

- To obtain tne dissolved Solid Csolute) from o solwtion, the Somtion
ton be heated in an
tvoporating dish wntil
all the 1iawid (Solvent)
evapovates. The solid
will be [eft behind.

- used 10 sepavate a
dissolved solid +yom jts
soivent byheating the
mixture until ol the

solid liquid 9as
arrangement |- vevz closety - quite closely packed = very far apart
packed - disorderly 7irreqular - diserderiy /irrequiar
= orderly arrongement arrangeément
arrangement
movement |- vibvate about = slide over ome = MOove randowmly in all
fized positions another directions at high speeds
forces of |- very Stromg - strong - weak (negligible)
attraction
3. Rtomic structure
element: substance that cannot be broken
profon ne¢utron _tlectron down into Simypler substances
relative mass ] ! W1gyo Compownd: 2 or wore elements chemically
rtlative charge +) 0 -l combined
location nuclens nucleus electron shell wixture: 2 or moveé substances physically

arrongement 0f eléctrons:
Ist swell: 2 electrons
nd sheh: 8 electrons
3vd sheli: 8 glectrons

proton nuwber = number of protons in an atom
mass uumber = total number of protons

% Chemical bonding
lonic compoundCmetal + non - metal)

- high m-p./b-p.

combined G element Iub;fuce
isotope: atoms of the same element with the
isotoe Same nuwmber of protons but different

number of nfufrovfls |ement that have
: est particles o men
L mi'&mfa.'p'n,uhes "of 'that element
moléculeé:2 or more atoms that are chemically
combined

% neutrons in an atom

> Conducts electricifg in molten and aqueous states only! —>NOT solid

=> soluble in water
= insoluple in organic solvents

Covalent compound (non-metal + non-metal)
>lowm.p. % b-p-

=> Cannot Conduct elecrricirg in ALL states

=> insoluble in water

-> §0luble in organic solvents



jonic covalént
particles |- oppositeély - charged - molecules
particles
FOA - Sfrong electrostatic - weak intermelecular FOA
FOA
structure |- giont jonic lattice - Simple molecular structure
Structure

Charged particies that conduct electricity:
- iong
- electrons > sub-atomic particle

5. Structure ond properties of materials

properties of metals and alloys:

- malleavle and ductite [all metals, Some alloys ]
= 900d conductors of electricit

- 3oocl conductorvs of heat

- high density

= high m-p. £ b-p.

insoluble

9. metals: Cw, Fe,Zn
alloys: brass, bronze, stainless steel

b. Chemical formulae and equationg

polyafomic ions
OH™ hydroxide

NO3~ nitrate NHs ammonja

S0y, swifate Cu(s04)s copper sultate
Cco; carbonate NaOH sodiwm hydroxide
POy3~ phosphate CHg COon ethanoie acid

NHy Y ammonium

7- Mole Concept
Ar: average mass of an atom of an element compared to
12 of om carbon-12 atom
Mr: average mass of a molecule of a substance compared to
/12 of an cavbon-(2 atom

Formulas:

Mass = mol X Mr particies: bx 10%*
vol. = mol X24 Cdm?) <+ My
mass = conc. €9 /dm?) 9 /dw? mol ldwmd
?T".l. = conc. (mol /dm?) XMy

Steps to construct iomic egns. :
|- ensure that the eqn- has state Sywmbols
S (aa) /C9) /CR)/CS)
2. solid , liguid and 9aseous species Should be lett as they are
3. cancel the ions that appear on both sides



8. Acids and bases

acid: a substance that produces H* ions
when dissociated in water
alkali: @ soluble base that produces OH™ ions
when dissociated in water
base: a metal oxide /metal hydroxide that
reacts with acid to form salt and
water only

strong acids vs weak acid: [Same for aiali ]
Strong acid: dissociates comrlete(\l in water
to proquce H' Caa) Tons
weak acid: dissociates partially in water to
produce H'(aq) ions

properties of acid:

- Sour faste

- pHC

= turns moist /damp blue
litmus paper red

conducts elecm‘cifg

corrosive when concentrated

3 simng acids: weak acid:
Hé2 = hydrochloric acid ethanoic acid
HNO 3 - nitric acid

Hz S0y - sulfuric acid

properties of alkali:

- bitter taste

- pH>7

turng moisti damp red

litmus paper blue

= Conducts electricity

— Corrosive when concentrated

reactions:

acid t metql > salt + hydrogen CH3)

acid + base > salt + water

acid + carbonate > salt + water t+ Carbon dioxide
alkali t* ammonium salt <> salt + water +

\»> NH3 (9)

. oxides of
oxides o most metals
basic amphoteric
= Na,0, M90, Fe,0; = Zn0,AL,05, PbO (2AP)
- Can react with acids - can react with acids & alkali
acidic —> 0xides of mos+ neutval
= €03, SO3, NO, NON-metals — NO, (0, H,0
- can react with alkalis - does not veact with augthlng
Common usel:

H250y Csulfuric acid): to manufacture aqgricultural fertilisers,
to produce dyes and paints
alkali: = neutralise acids
- dissolved gvease (soaps, flour  etc.)
= control ph in soils



9. Qualitative Analysis

Cafion test:
ion
Ca*, caltium
AL3T, aluminium

Zh"ft zinc

tu?t, copper

Fe*, ironCm)
FelT, iron(1n1)
NHyt, ammoniuwm

Onion test:

ion
(03", carbonate

NO3~, nitrate

$04%", suifare

CA~, chioride

gases test:

as
Ha, hydrogen

02, oxygen

C0;, carbon
dioxide

NHs, ammonia

C22, chlorine

S0, ' sulfuy
dioxide

NaOH(Cag)

= white ppt.

- insoluble in excess

- white ppt.

- $0luble in excess

- white ppt.

= Soluble in excess

- light blue ppt.

- insoluble ih excess

= qreeén ppt.

- insoluble inexcess

- red - brown pp

t.

= insoluble in excess

= amwonia producnl

on wavning

fest

- adddilute acid

= 0dd NaOH(aq),

then aluminium foil

and wovwm gentiy

- acidify with dilute
nitric acid , then add
aqneons barium nitrate

- acidify with dilufe

nitric acid, then add
aqueous silver nitrate

colony & odour

- Colouriess

= odouviless

colouviess
odouriess

Colouriesy
odouviess

colowvless
= pwnoent

tytemh- Yellow
= pungent

= Colowriess
= pungent

NHy (ag )
= no observable
Change

= white ppt.
— insolublie in excess

white ppt.
soluble in excess

= dark biue ppt.
soluble in excess,
9iving a dark blue solution

= grcen 'pf.
= insolubl¢ in €xcess

- red -brown ppt.
= insoluble in excess

yesuit
- effevvescene observed
=9as cvolved qives white
pot. in limewater
=carbon dioxide i present

= 9as cvolved turns moist /damp
red litmus paper blue
= OmMmonia is produced

= white ppt.

- white ppt.

dest & resuits
- 9as evolved 'pops’
0 lighted splint

= 9as evolved relights
o 9lowing splint

= 9as tvolved gqives
white ppt. i limewater

- 9ag evolved tuvns
dawmp red fitmus paper blue

= 9as tvolved bleaches
dawmp [itmus paper

= 9as evolved turns agueons
acidified potassium wonganate (vin)
fvom purple t0 colowriess



10. 0ridation and vednction

oxidation +-¢-

SHOE
reduction — 1=t

Oxidation States:
'Ya 0
Br =z -1
M,lf =t2
Nat = t+1
Mg=o

0xidising agent:

- oxidise another Substance

- increase the oxidation state of an element
in another substance

= 9ain electrons from other substances
=> causes oxidation, wnile beivg reduced

uuucn‘ng agent:

= reduce another substance

- decrvease tnhe gxidation stateof an element
in onother substance

- lose eleCtrons to othév substances
> (auses reduction, while belng oxidised

Il. The Periodic Table
-~ Elements are arvanged in ovder of increasin, proton number
Period: same number of electyon shells
Gvoup: Same number of valence electrons

Group ) elements : pikali Metals

= m-p. /b-p. decreases down the group
= reactivity increases down the group
reacts easily in air

soft and can be cut

qood electrical conductor

metal + water > metal hydroxide + hjdngc'\

Group |71 elements : Halogens

= m-p. [b-p. increases down the group

reactivity decreases down the qroup

exist ag diatomic covalent molecuies

colowr intensity becomes darker down the group

metal t steam -> metal oxide + hydvogen (Ha)

displacement:

= more veactive halogen displaced a less reactive
halogen trom itS aqueous solution
9. (£, 12KI > Ia t2KCL (CL more reactive than I)
e.9. €23 +2KF > no reaction (C2 less reactive than F)

element Lolour _State
flnorine pale yellow 9as
Chlovine Vellow-9reen 9as
bromine reddish-brown liquid
iodine purplish-qrey  solid

astatine Shiny black solid



Grroup I3 elements: Noble gases
stable electronic configuration
colouriess gas at r-t.p-

low m-p- & b-p-

insoluble in water

12. The reactivity series

A K Potassinm reacts with cold watery

acid

Na Sodium }reacis with steam
Ca Calcium reacts with acid %
Mg Mngneslum
AL Aluminium cold water X
reactivity C coarbon steam
increases In Zinc }acfd v
Fe Iron
v Lead } acid v
H__Hvydrogen cold water X
Cu Copper Steam x

Rg Silver

conditions for rusting
- presence of both oxvgencln air) ond water
are necessary for msfmg 10 occur

rust preventation:

- pointing

= oiling [ 9reasin

- coafing with piastic

13.Chemical Energetics

Endothermic:
- absorb the heat from the Surroundings
= temp. of Surroundings |

endothermic reactions and processes:

— thermal decom position
(ZUE heﬂﬂng of calCium tarbonate forms

carbon “dioxide oand calcium oxide)

— photosynthesis

= bailing

= méeltin

- sublimation

- dissolution of Some ionic compounds
€-9-NaCL, NHy(CL , Ba (NO3); in water

Exothermic :
- release neat to the Surroundings
= temp. of Surroundings ¢

exothermic reaction and processes:

- Combustion

newtralisation

= respiration

freezing

condensation

- dissolution of acid and alkali in water.



14, Rate of reactions

Can be measured by:
= {he volume of 9as produced over fime

= the change in the mass of a reactant | product over time

determined by:
- effective conisions

factors affecting ROR:

> collisions

> pressure I'_gases Oulg]
= temperature

-> particle Size

-> particie size ¥, surface avea for conisions ¢

|15. Fuels and crude oils

= fuels underqo Combustion, which is an exothermic reaction
Com be —— renewable — e-9. bjofuels —> Comes from

non-rengwableé

9. fuels and Crude 0ilS

containg
hgdnmrbons
|

example
N\

cm|n 0il natwa|| 905

made vp of

o
seperated by mainly methane

fractional
distilation
methone A3-1%0

plants [ animals

e-9- bioethanol
- mode from sugarcane
- more envivonmenfallg stable

¢thane 34 %
Natural gasé nitrogen 2-3°%,

propane 1-2°%,

1b. Hydrocarbons

homologous series : a family of similar orqamic molecules with a qeneral formula

functional qroup: a group of atoms responsivie for the

chavacteristics and reactions of a particular Compound

hydrocarbon: Q COmpownd that contain carbon- Cavbon double bonds

Organic compownd in the Sameé homologous series :

- same general formwia

= similav chemical properties

= grvadwal chanqt in fheiv physical
propevtits when qoing down the series

Jprefizes  no. of caypon atoms
meth- |
eth - 2
prop - 3
but- !

ropertits of a homologous series:

Suffix
—-ane

- ene

- ol

- 0i¢ ocid

- same functional group and general formula

- similar chewical properties
= b-p- increases down the 9roup

109 0us es
alkane
alkene
alcohol
Carborylic acid



Alkanes are  homologous series of hydrocarbon that
Confain only hydrogen awd carbon otoms.

geneval formula: CnuHansa

- Alkoanes ave calied ‘Saturated hydrocarbons because they
contain only carbon - cavbon single bonds

- Alkanes are genevally unreactive

2 Kinds of chemical reactions:
I- Combustion (excess 0xygen)
— Pmduccs Co, + H;0
2. substitution
—>alkanes can react with halogens in
the presence of uv light
2 unsaturated
[Bikenes]are o nomologous series of hydrocarboms
that contain carbon - carbon double bonds.
S c=C
gencral formula: CnHan

- Alkenes are more reactive thaw alkanes CC=C bowd)
alkene + oxyqen->carbondiozide t water

= Incompléte combustion :
C0, and soot (carbow) are produced

Addition veactions (alkene):
why iS margarine solid and vegetable

I- Hydvogenation Chydrogen) 0il " liauid?
alkene t hydrogen —> alkanes -Margarine has a higher My (more H
conditions. ° atoms after hydrogenation)
- Catalyst : “'2"" (Ni) - stronqger intermolecular FOA
- temp. : 200°C - more enevgy required fo overcome the
FOR
2. Hydration Csteam) oy .D.
u:Ikene t sttam -> alcohols > hightr m-p- and b-p
conditions:
- catalyst: phosphoric acid CHz POy)
- temp- : 300°C

= atmosghere: b0-10 atm (high pressure)
* alcohols made from this reaction is for industrial uses

3. Bromination Cbrvomine)
= broming Solution (@) | bromine water is reddish-brown in colowr
= when bromine (aq) isadded to the alkenes, the reddish -brown
aq,ueous bvomine will be decolowrised
= no condiffons requirved
ethene t bromine —> dibromethone

i. Addition pelymerisation Calkenes):
= mony alkene wmolecules Can join together 10 make one
big molecule, a polymer, it a presence of catalyst is there

CVaclu'n?
> alkon€s to alkenes hot necessar
conditions: o memorise

= temp. : ~b00°C
- catalyst: AL0; /Si02



7. Alconols and carboxylic meids
= Alcohols are a homologous series whith have the
hydvoxyl (-0H) group

9eneral formula: CuHans OH

physical properties:
= b-p- increases steadily as My increases
- more energy requived to overcome the stronger intermolecuior FoA

= solubility ¥, Mr 4

chemicol properties:

= Combustion

= oxidation

=> Con be oxidised into ctarborylic acids

X important . ethomol

moleculor formuia . C; Hs OH
structurar formula: CH3CHa0H

Fermentation:
conditions :
- low temp. :37% (best temp.)
- No air loxygen
\> if exposed 10 aiv loxygen,
it will turn sour atter o
few days
= 9as given off during fermentation is Coa

qlucose | _NEAST oy omol ¢ Co,
sug v 319

- Carboxylic acids art a homologqous series which
have twe carboxyl (-Coon) tunctional gqroup

general formuia: CuHanes COOH

propevties of Cthanoic acid :
- smell of vinegar
— soluble in water
= weak oacid, pH~3
= Same properties as acid
= (an react with metal, base, carbonate

salt name: . .. -ethanoate

ethamor 2X4i8ed o4 amoic peid



18. Polymers
= Macromelecults are very large covalent molecuies
= They way tontain up to thousands of atoms

Examples:
= silk
- plastics

e.g.

k9

T
Ll %

T=-0-3

23
:_? -
T =

E
]

H H H H PR
[} [ I
-c-cl - C'C"%'c
Ghs b Ghs ) chs b

Rddition polymerisation (alkenes):
Conditions:

- molecule with cavbon = carbon dowbie bownds
= high pressure

= high temp.

Disad vantages of wsing particles
= Nnon- biodeqradable
=> cannot be broken down

19 Maintaining Air Quality

Oxygen
21%

Carbon Dioxide
~odl. 0-039/,
Other Gases
(mostly Argon)
86 0. CYLD) /°

Common atmospneric pollutants:

aiv_ponatont sources havminl effects
50, Sulfwr dioxide - Combustion of fossil fuels = breathing difficulties in
- volcanic eruptions humans and animals

- 50, and NO/NO2 reacts with
NO /N0, , nitrogen oxides - vehicle combustion enginecring 0xyqen in the aiv to form acidic
- lightning Compounds which dissolve in vain
water, forming solutions of strong
acids , acid rain

€0, cavbon menoxide - incompliete combustion of = €0 combines with haemoglobin in
carbon - based fuels our ved blood cells
- com result in the loss of comsciousness
and even death

CHy , methane anaerobic Cabsence of - wmethane, a ma jor greenhouse 9as,

0xygen) bacterial decay leads to global warming
of ergamic swbstances
waste gases from cattle

CxHy , unburnt

VEhiCle Combustion enqines — cawses eye amd respiratory tract irvitation
hydrocarbons

03, ozone ligntning CTeAT
= from veactions between — cawses eye amd vespiratory tract irvitation
0XY9CN moleenics and Suniigut  (eading to breathing ditficnities

in the upper atmosphere



lobal warming:
= 9qases that trap radiation are called gveenhouse 9ases
=>(C0s, CHy omd N20 allows visible vadiation
trom ne sun 1o reach the Eorth’s swrface
bui trap some of the IR radiation which is
emitted by Eavth-
= global warming is the increase in the Earth’s average
tempevature dué to the build-up of greenhounse gases
inthe atmosphere

acid rain:

= coused by sulfur aioxide and nitrogen olioxiae

= pHi~v 4

effects:

= metal pridges and | uildings will ¢t damaged

> confains carbonate
= Kills fish and aquatic life in the lake
winimising the eftects of acid rain:
= liming:
add CaC03 to soils and water
bodi€s to vemove €xcess acids

carbon cycle: -~ balance

= 10 maintain the level of carbon dioxide
in the atmosphere, 0.03%,

= add carbon dioxide to atmosphere:
|- respivation
2. combustion of fuels

3. decay and bacterial composition
- vemove cavbon dioxide from the atmosphere:

1 photosynthesis
2. ocean uptake



