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Chemical reactions



Acids and bases – part 2
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oxides

                              Metal oxide               	Non metal oxideNeutral oxides PH = 7
Acidic oxides PH less than 7 dissolved in water
Amphoteric oxides
Basic oxides PH greater than 7 when dissolves in water









Examples of oxides:
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· Rules of solubility:

	Solubility

	Soluble compounds
	Insoluble compounds

	Al group 1 Li, Na, K, Rb, Cs, Fr ammonium ion NH4+, Nitrate NO3-Hydrogen carbonate HCO -

	All carbonate hydroxides

	Most Halides Cl-, Br-, I-, Sulfates SO4 -2
	

	Except: Ag, Pb, Ca and Ba
	Except: With group 1 and NH4+ 

	
	



· Decide whether the following compounds are soluble or not:
	Compounds
	Soluble
	Insoluble

	NaCl
	
	

	Na2SO4
	
	

	K2CO3
	
	

	AgNO3
	
	

	Ca(HCO3)2
	
	

	CaCO3
	
	

	Fe(OH)3
	
	

	NaOH
	
	

	KCl
	
	

	PbI2
	
	

	FeSO4
	
	

	(NH4)2SO4
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*Preparation of salts:
	Is the salt soluble?

	Yes, it is soluble
	No, it is insoluble

	Titration (Prepared
when alkali reacts with an acid (Salt from group 1 or ammonium)

	

Precipitation (prepared
when metal nitrates react with acids)


	Neutralization (excess of
the solid) prepared when base(insoluble) reacts with an acid)

	

	Metal + Acids
(Displacement reaction
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	Acid HA
	Salt MA

	HCl
	Chloride salt

	HNO3
	Nitrate salt

	H2SO4
	Sulfate salt

	H2CO3
	Carbonate salt

	H3PO4
	Phosphate salt

	CH3COOH
	Ethanoate salt
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* Acidic Oxide:

* €0, g+ 0y > HyCOsq)

+503 g+ .0y > H;SOug

€O, g+ 2NaOH ) > Na,COsq) + Hy0
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* Basic Oxide
* Na,0 + H,0,> 2NaOH,,,
* Ca0y, + 2HCl (> CaCly g+ H,0,,
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+ Amphoteric Oxide:

ALO() + GHCllag) — 2AICL(ag) +3H.00)
Aminiom oxide Hydrochoricsid  Aluminium chloride

ALO,  + 2NaOH(ag) —>  2NaAlO, (ag) +H,0()
Numinumoside. Sodium hydroide Sodium aluminate
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buestion:

Mixture of Al,0 and Fe,0,, Plan an experiment to obtain Fe,0,
from the mixture and explain it. (3 marks)

1)Add aqueous sodium hydroxide (NaOH).
2) Al O, reacts with NaOH since its amphoteric oxide, Fe,0, left
unreacted.

3)Filter the mixture to obtain Fe,0,.
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Scandium, proton number 21, is not a typical transition element.
Scandium compounds are white solids which form colourless solutions.

Scandium oxide is insoluble in water. Describe how you could show that it is an amphoteric
oxide.

name or formula of strong acid and alkali (1)

reacts with or neutralises both acid and base or alkali (then amphoteric) (1)

it dissolves/soluble in both(acid and alkali) or form solutions in both (1) 6]

. B3l
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Question:

Some oxides of some elements are listed.

Answer the following questions using oxides from the list. Each oxide may be used
once, more than once.

* Which of these oxides react with HCl but not with NaOH?
* Which of these oxides react with NaOH but not with HCI?

* Which of these oxides react with both HCl and NaOH?
* Which of these oxides react neither with HCl nor with NaOH?

1)Ca0-Mg0
2)c02-502
3) Al203

1) co
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Silicon(IV) oxide is an acidic oxide. When silicon(IV) oxide reacts with alkalis, the salts formed
contain the ion SiOz.

Write a chemical equation for the reaction between silicon(IV) oxide and aqueous
sodium hydroxide.

. [2
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State symbols

* CaC0, (+ HClq) > CaCl, oy + H,0(, + CO,
(s) solid

(aq) aqueous

(1) liquid

(g) Gas
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Titration:

« Titration: is a process of adding an acid to alkali or an alkali to an acid by
using indicator and burette)

NaOH,,q) + HCliyq) = NaCligy+ H,0;,

(aq)
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Burette

Initial
reading
Pipette
Final
Acid reading
solution
Ripecte Hold Release Hold
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* Procedure:

1. Fill the burette with NaOH up to the mark 0.0 cm? (look
perpendicular to the lowest point) of the meniscus to avoid parallax
error.

2. Add a known volume of HCl to the conical flask using pipette example
25 cm? (do not use a measuring cylinder because it is less accurate
than the pipette but easier to be used).

3. Add few drops of phenolphthalein (indicator) to the conical flask.

4. Start adding NaOH from the burette to the conical flask until color
changes (until it reaches the end point) to pink.

5. Record the volume of NaOH needed.
6. Repeat the experiment and take the average to increase accuracy.
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The burette must be rinsed first with distilled water,

then rinsed with the solution. Explain why?
* Rinse with water to remove any traces from the previous solution.
* Rinse the solution to remove the traces of water from it.
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Salts are named according to the acid coming from.




image17.png
How to prepare a salt:
1) Titration

« This method is used to prepare soluble salts from group | or ammonium
salt.

* Procedure:

1. Fillthe burette with KOH up to the mark 0.0 cm?.

2. Add a known volume of HCl to the conical flask using pipette example
25 cm? (pipette is more accurate than measuring cylinder. (measuring
cylinder is easier to be used)

Add few drops of phenolphthalein (indicator) to the conical flask.

4. Start adding KOH from the burette to the conical flask until color
changes (until it reaches the end point) to pink.
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5. Repeat the experiment using the same volumes but without using an
indicator.

6. Heat the solution to evaporate some of the solvent to reach
crystallization point (when crystals starts to appear on glass rod)

7.Leave the solution to cool the crystals will settle down.
8. Filter the obtain crystals and dry between two filter papers .

9.Dry between two filter papers not using an oven to obtain crystals not
powder.
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2 a) Neutralization Reactions:
* Insoluble Base + Acid = Salt + Water
(MO, MOH, MCO)

This method is used to prepare soluble salt not from group | or ammonium
salt.

ai)Metal oxide:

CUO )+ H,S040q > CUSOupq +H,0

* Black solid Blue Solution

aii) Metal carbonate:

CUCO, )+ H,S0,0q = CUSOyq +COy . Hy0
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Neutralization
ai) Metal oxide:

1) Add excess of CuO to warm H,SO, until the color of the blue litmus paper
doesn't change to red or solid settle down.

(Why excess CuO should be added? to ensure that all of the acid has reacted)
(Why H,S0, would be warmed? to increase the rate of reaction

2) Filter the mixture to remove the excess CuO.
3) Do crystallization for the filtrate to obtain the salt CuSO4
Cool —filtrate - wash and dry
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Neutralization
a ii) Metal carbonate

* CUCO; )+ H,S0, 5 > CUSO,yy + Oy, H,0))
* lonic equation :
CUCO; ) +H,80,,,>  CUSO + COy H,0p)

CuCOz g +2H" +SO“ —>Cu“ +SO0* +CO +HO

(aa) 4 (aq) (aq) 4 (aq) 2 2.0
* Net ionic:

CUCO; 1+ 2H" ) DCU )+ CO4 +H 0

The acid is cold no need for heating because the reaction is fast.
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The reaction is finished when there is no more bubbles of CO; fizzes.
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Preparation of salt from insoluble Preparation of salt from insoluble
metal carbonate metal oxide

TG RGRVETT TR TR CET LS Warm up the diluted acid to speed up
the rate of the reaction

Reaction is finished when no more Reaction is finished when litmus
bubbles formed paper doesn’t turn to red color
(it means that all the acid has been
consumed)
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b) Displacement reactions

- Displacement reaction can be used to prepare salts by reacting acids potassium most reactive K
with metals. But this method is suitable only for metals above hydrogen in B
the reactivity series. We can make salts of magnesium, zinc, aluminum e
and iron. aluminium Al
« We cannot use this type of reaction for making salts of copper, lead and G, g
silver which are too close to or below hydrogen in the reactivity series. iron fo
* We don’t use this method to prepare salts of highly reactive metals such as " “: ::
" ) - . o a
sodium and lithium, because the reaction of these metals with the acid is Vot th
too violent . copper @
sitver A8
sold Au
Zn(s) + 2HCl(aq) > ZnCl2(aq) + H2(g) platinum least reactive. Pt

Meg(s) + 2HNO3(aq) > Mg(NO3)2(aq) + H2(g)
2Al(s) +3H2504(aq) > A12(504)3(aq) +3H2(g)
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Procedure:
1) Add excess of the metal to acid until the color of the blue litmus
paper doesn't change to red or solid settle down.

2) Filter the mixture to remove the excess of the metal.

3) Do crystallization for the filtrate to obtain the salt

Cool —filtrate - wash and dry
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3) Precipitation

* Precipitation is used to prepare insoluble salt by mixing 2 aqueous
solutions.

+ BaSO, - PhCl, — AgCl - CaSO,

* Precipitate is the insoluble salt formed during a chemical reaction

MA Salt





image27.png
Prepare insoluble salt CaSO4

* Ca(NOs)ypq)* H,50,q) > CaSO, +2 HNO, o)

Procedure:

1.Prepare an aqueous solution containing Ca**ions example : Ca(NO,),
2.Prepare an aqueous solution containg SO, sulfate ion example : H,SO,
3.Mix the two solutions together

4. Filter the mixture

5. Wash the residue with distilled water

6. Dry the residue crystals between two filter paper
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Complete the table below:

Method | Reagents
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Agri Limes are mixtures of
to neutralise acidity.

Icium carbonate and calcium oxide. Farmers use Agri Limes on fields

Plan an investigation to find out which of two different Agri Limes, Q or R, will neutralise more acid.

You are provided with common laboratory apparatus and chemicals, including dilute nitric acid.

‘method adding Agri Lime to acid
‘add weighed amount/known mass of Agri Lime Q

10 a known volume of acid

with a named indicator added to the acid

unti the indicator changes colour

note the mass of Agri Lime Q added

repeat with Agri Lime R

conclusion, e.g. ‘the experiment using the smaller amount of Agri Lime s better
orR

‘method adding acid to Agri Lime

use weighed amount/known mass of Agri Lime Q

add acid to it gradually /from a burette

with a named indicator added to the acid

unti the indicator changes colour

note volume of acid added

repeat with Agri Lime R

conclusion, e.g. ‘the experiment using the larger volume of acid is better’

.6
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lonic equations

* Writing ionic equations:
« Balancing is important
« Only aqueous solution ionize or dissociate to +ve and —ve ions.

* Write the ionic equation for the reaction between cupper (I1)
carbonate and hydrochloric acid.
* CuCO, ) + EHQ(Zq, > CuC\I2 @t COyg+H0y,
AN
’ v \n

+2CF (g SCU g +2Cl g + COy+H,0,)

CUCO, )+ 2H"
* Net ionic :
* CUCO, (+ 2H" g HCU 2o+ CO +H,0,

(aq) (aq)
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* Write the ionic equation for the reaction below:

NaOHuy +  HSO4q > NaSOq+  2H0,

/ \ / N\ \

/N /N / N\ 1 3
2Na* ooyt 20H oo+ 2HY ) + 50,7 (3q) > ZNa g+ SO, o+ 2H,0
* Net ionic :

* OH (oq*H'aq 2H,0

Spectator ion: 2Na* / SO,
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* Write the ionic equation for the reaction between silver nitrate and
sodium chloride to produce silver chloride and sodium nitrate:

NaCI\(m} + AgNOa(\m, -> NaNO3!eq}+ AgCl,

/ N\ / \ / \ ‘

s N v " 4 N
Na*(aqy* Cliag) + A8 (ag) + NO3 (o) > Na“(oq+ NO5eq) +AGCl

* Net ionic :
* Ag'(aq) + Cliag) > AgCl

Spectator ion: Na* / NO,”
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Hydrated salts

* Hydrated salts that are surrounded by water
* Examples: Hydrated copper (1) sulfate CuSO..5H:0 (blue)
Hydrated Cobalt(ll) chloride CoClz.6H:0  (pink)

Water particles surrounding the crystals are called water of
erystallization

Heat
Hydrated salt 4 Anhydrous

<«
Adding water

Examples:

1) Anhydrous copper (1) sulfate +water > Hydrated copper sulfate

+ CuSO, + 5H,0  ->CuSO,S5H,0

White powder Blue crystals
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2)Anhydrous cobalt(ll) Chloride - Hydrated cobalt chloride
CoCl, +6H,0 - CoCl,6H,0
Blue pink

Anhyorous CoCl, CoClH,0
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« To prepare a hydrated salt, use the same method for preparing the soluble salt
(Excess of the solid).

« Drying between step by filter paper not by oven, 50 as not to evaporate the water
of crystallization and not to distract the formed crystals.
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< Question: Use the burette diagrams to record the readings

in the table and complete the table

Use the burete diagrams to ecord the readings i the table and complete the table.

23
30
2 31
intalreading fnl reading
il urete reading/cm®

Initial reading

12

13

Final reading

intial burete readingm’

fnlburte reading o’

diference/cm

intal brete reading om

ference/c®
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Explain the difference in volume of NaOH needed?
the initial volume reading of NaOH is 0.0 cm3.
The concentration of the alkali is the same in all experiments.

El

30 cm3 10cm3 20cm3 Volume of
NaoH HCl em? 25 25 25
Volume of
NaOH cm? 30 10 40
+ The more concentrated the acid, the

NaoH NaoH
o e e e o more base needed to neutralize it.
ol el ol The concentration of the acid in
experiment 3 is more concentrated than

experiment 1, experiment 1 is more than
experiment 2.

Bl Bp2 B3
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Decide which acid A or B is more concentrated by using
the initial and final volume reading of NaOH during
titration.

15 25

Acid A is more concentrated then acid B.

The concentration of acid A is twice the concentration of acid B.
Volume of acid used is 20 cm?®
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Experiment 2
Experiment 1

acid =20cm3

Volume of Volume of
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Astudentinvestigated the reaction between dilute hydrochloricacid andthree different concentrations
of aqueous sodium hydroxide, labelled R, S and T.

Three experiments were done.

Experiment 1

 Aburette was filed wth diute hydrochioric acid The iniial burett reading was measured.
 Using a measuring cylinder, 20cm” of soution R was poured nto a conica lask.
 Sixcrops of methyl orange indcator were added to th corica flask.
 Dilte hydrochioric acid was added from the burete, unt the soluton just changed colour.
T fnal burett reading was measured. Exponiment 2
- = Gxperiment 1 waa repesed but using 200 of sokution & insiesd of scluti
10 .
2 g' =
2 2
1 et st
fnal o .
= Exporiment 1 was repeated but using 20cm? of soluion T instesd of sokto
s -
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(a) Use the burette diagrams to record all the burette readings in the table.

burette reading/cm®

Experiment 1
using solution R

Experiment 2
using solution S

Experiment 3
using solution T

final burette reading

initial burette reading

volume used

(b) What colour change is observed in the conical flask at the end-point?

from

to

() Suggest why Universal Indicator is not a suitable indicator in these experiments.

“

2
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(d) ()

(i)

(i)

Complete the sentences below.

Experiment .. needed the smallest volume of dilute hydrochloric acid to change the
‘colour of the indicator.

Experiment .. needed the largest volume of dilute hydrochloric acid to change the
colour of the indicator.
m

Determine the simplest whole number ratio of volumes of dilute hydrochloric acid used in
Experiments 1 and 2.

Experiment 1 z Experiment 2 [l

Deduce the order of concentrations of the solutions of aqueous sodium hydroxide,
R/SandT.

most concentrated

least concentrated

U]
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@)

table of results for experiments.

initial and final reading boxes completed correctly
102 23.1 63

0.0 27 1.2

differences completed correctly
10.2,20.4.5.1

all values to 1 or 2 decimal places,

(b) yellow
orange / pink /red
i©)__| o sharp colour change /no (clean end point
D0 | Experment) 3 (needed smallest)
Experiment) 2 (needed largest)
i |12
i | most concentrated S

R
least concentrated T
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Potassium sufate s the salt produced when sulfurc acid is neutraksed by potassium hycrodde
solution

The correct amount of potassium hydroxide solution must be added to neutralise all of the
sulfuric acid.

Plan an experiment to obtain pure crystals of pota:
potassium hydroxide solution.

You are provided with common laboratory apparatus.

ium sulfate from sulfuric acid and

‘making the salt

any 4 from:
« known volume sulfuri acid;
add named indicator;
‘add potassium hydroxide solution tothe acid unti the ndicator changes colour/is neutralsed;
note/ measure the volume of potassium hydroxide soluton added;
repeat without indicator OR add (decolourising)charcoal,

obtaining crystals

«fier to get crystals;
«_dry crystals (on fter paper)/leave to dry:
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Amphoteric oxides and neutral oxides are different from each other.

() Whatis meant by the term amphoteric oxide?

o

(i) Whatis meant by the term neutral oxide?

m

an amphoteric oxide willreact with acids AND with bases

a neutral oxide will ot react with acids or with bases
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Greek Orthodox Greek Orthodox Patriarchate School

N Intemational - Hanina
Patriarchate School
Intemational - Hanina

Worksheet

Name: text Subject: text

Class: text Date: text
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Oxides:

« Oxide: is a chemical compound formed when an element react with
oxygen.(contains at least one oxygen atom and one other element).
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Cu0 —Na:0 - Li:0 a0 Reaction No reaction

n0- A0, Reaction Reaction

€0,~NO,-50,-50;, No reaction Reaction

NO-CO No reaction No reaction




