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GENERAL INTRODUCTION

The two questions set in UCE-545/3/4 chemistry practical are normally from: - Quantitave (volumetric)
analysis, rates of chemical reactions, thermometry and qualitative analysis.

(a) Quantitave (volumetric) analysis: - this involves an acid-base titration. Basically titration consists
of running one solution, from the burette, into a known / fixed volume (10 cm?’, 20cm’ or 25¢cm’ )of
the other in a conical flask until the two solutions have just reacted completely, when a suitable
acid-base indicator is used just changes colour.

Choice of indicators:

An acid-base indicator is a substance, which is either a weak acid or base, but changes colour
depending on the pH of the medium in which it is dissolved.

The pH scale of acidity and alkalinity is shown below.

Increasing acidity increasing alkalinity >
o 7 gt

Table showing acid-base colour changes

Indicator Colour of medium Nature of the titration
Acidic AlRaline

Litmus Red/ pinR Blue Strong acid and bases

Methy!l orange Red / pink yellow Strong acids and bases

phenolphthalein colourless Red/ pink WeaR acids and bases

Note: 2-3 drops of the indicator are introduced and the end point or neutral point of the titration is
reached , when the used indicator just changes to the colour of the new formed medium.

(b) Qualitative analysis: - this requires a student to carry out sample tests on one or more given
substances and record observations and then make logical deductions about the nature of the
substances. However students at this level should be well versed with preliminary tests and
confirmatory tests for the ions.
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GENERAL INSTRUCTIONS ON:

(a) Handling of solutions and the use of apparatus

The following must be noted when dealing with pipettes and burettes in volumetric analysis

1. Identify clearly the apparatus and reagents
to be used and find out the capacity of the given
!. -I pipette. Make sure you have all required
R\% solutions in labeled flasks i.e BA1, BA2 etc.

————— — — ——r= = = — =

| PO
xp " Caution! Do not contaminate the given solutions. Take care!
[ ] Meakictin 6ra 2. Rms.,e ou.t t-he burette, pipette and conical

-/ bulb pipette flasks with distilled water before use.

, 3. Read the instructions carefully and

| understand what you are exactly to do. Re
—read the instructions if necessary and then
follow the guide lines for pipettes and burettes

below;

v Pipette the solution until the level of
solution is above the mark and then

close the end with the moistened tip of the
forefinger.

v Gently release the pressure until the
meniscus is exactly at the mark.

v Transfer the pipette into a conical
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flask and release the solution by removing the finger.

v The volume or capacity of the bulb pipette used must be recorded to one decimal place i.e
recorded as 10.0 cm’, 20.0 cm’, 25.0 cm’.

v A solution put into the burette should be added by use of a filter funnel .
v Always remove the funnel before you start titrating.

v' Titrate a little of the solution at a time and swirl the conical flask to ensure thorough
mixing of the solutions.

v The end point is reached when the indicator immediately changes colour from alRralinity to
acidity or from acidity to alralinity.

v The volume read from the burette must be recorded to two decimal places in the given
table i.e recorded as 0.00,24.00, 22.60 cm’ etc .

(b) Recording results

1. Always record titre values in the given table to two decimal places.
2. Record all the burette readings in the table as soon as they are obtained from the burette.
Note: Don't first record the burette readings on a rough piece of paper.
All measurements must be recorded in the table.

(c) Treatment of results

This involves finding the average titre from consistent results, which should differ by 0.20cm3 , and
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using the results to answer the set questions.

NB: All calculations must be done from first principles and avoid using mathematical formulae for
computing molarity, concentration etc.

(d) Plotting of graphs
The following steps must be taken:
i.  Give atitle to your graph.

ii.  The horizontal and vertical axes should have a label of the quantity and their units
indicated.

ii.  Choose a suitable scale so that when the graph is plotted, it fills at least three—
quarters of the graph paper.

iv.  Use free hand to draw a curve with a pencil. A ruler is used to draw a line of the best
fit for a straight line graph.

CHAPTER ONE
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VOLUMETRIC ANALYSIS EXPERIMENTS
(a) Introduction

Volumetric analysis is the experimental analysis of determining the mass or concentration of a
substance relative to another substance of Rnown concentration called a standard solution.

The procedure involves volume measurement using a pipette, burette, volumetric flask etc.

In volumetric analysis, two aqueous solutions are used; the concentration of one is known and the
concentration of the other is unknown. The solution whose concentration is accurately known is
called a standard solution:

Standard solution is one, which contains a known mass of solute in a given volume of solution.
Normally the concentration of the standard solution is given as molar, “"M" and the solution is
Rnown as a molar solution (one which contains one mole of a solute in 100cm’ of solution)

(b) Applications of volumetric analysis in chemistry

i.  Standardization of acids or bases
ii.  Determination of atomic mass of metallic element or radical
iil.  Determination of number of moles of water of crystallization in hydrated compound
iv.  Determination of basicity of an acid
v.  Determination of stiochiometry of the neutralization reaction
vi.  Determination of formulae of organic acids

vii.  Determination of percentage purity / impurity of substances.
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Worked out example of volumetric analysis practical presentation:

You are provided with the following solutions;
e BAT: which is a solution prepared by dissolving 11.4grams of Na.C0s.XH.C per litre.
e BAZ2: whichis 0.1M hydrochloric acid solution
e Methyl orange indicator.

You are required to determine the number of moles of water of crystallization in hydrated sodium
carbonate.

Procedure

V' Pipette 25.0cm’ or 20.0cm’ of BA1 into a clean conical flask. Add 2-3 drops of methyl orange
indicator and titrate with solution BA2 from the burette to the end point ( i.e. the endpoint is
reached when the solution just turns pinR).

v' Repeat the titration until successive readings differ by no more than 0.10cm’ and record your
results in the table below.

Results
\Volume of pipette used=........cirirsecminnenesnsninenes.CM

Burette readings

Titration 1 2 3

Final readings/ cm’

Initial readings / cm’

\Volume of BA2 used/

cm’
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Values used to calculate average volume OF BA2 USEA....... e ermiumenseeeseeiseiiscnr s s ssss s s sissns s s sos

Average volume Of BA2 USEA .......uuiiiiusieiinisiiis s st st sss s st st s st st s st st

Questions:

(a) Write the balanced equation between hydrochloric acid and sodium carbonate.

(b) Calculate the:

a.  Number of moles of hydrochloric acid solution in the average volume.

i.  Number of moles of sodium carbonate that reacted with BA2

ii. Molarity of hydrated sodium carbonate, Na.COs.XH.O

Concentration of hydrated sodium carbonate in grams per litre
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(c) Determine

i. The relative molecular mass of hydrated sodium carbonate

ii. Hence, deduce the value of X in Na.CO; XH.O (Na=23, C=12, 0= 16,H=1)

POINTS TONOTE
v’ Relative molecular mass has no units

v ‘M’ means a molar solution which contains one mole of a substance dissolved in a litre
of solution

v Molarity of a solution can also be termed as molar concentration or concentration in
moles per litre

SECTION |
STANDARDISATION OF ACIDS & BASES

Experiment 1
Aim: standardization of hydrochloric acid with sodium hydroxide solution.
You are provided with the following solutions;

» BAT: which is 0.1M sodium hydroxide solution

» BA2: which is hydrochloric acid solution of unknown concentration

» Phenolphthalein indicator.
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You are required to determine the molar concentration of hydrochloric acid solution
Procedure:

Pipette 25.0cm’ or 20.0cm’ of solution BA 1 into a clean conical flask . Add 2-3 dops of phenolphthalein
indicator and titrate with solution BA2 from the burette until the pink solution just turns colourless and
record the readings in the table below.

Repeat the titration with other portions of the solution BA1 until the successive burette readings differ by
no more than +/- 0.10cm’

Table of results

V/OlUME OF PIPELEE USEQ..uuiusertereveree s cer et s s ees e s s s st s s st e s s s s st s b

Titration 1 2 3

Final readings/ cm’

Initial readings / cm’

\Volume of BA2 used/

cm’

Values used to calculate average volume OF BA2 USEA....... e eumiusemreeeseeiseieiscnseee s ssessens st s s ens s s sseion

Average VolUME OF BAZ2 USEA ....coceuiuniercereee e st sns et st sns s s s ns st s s s

Questions:

(@) Write down the equation for the reaction between BA1 AND BA2

Experiment 2
You are provided with the following solutions;
e BAT: which is a solution prepared by dissolving 11.4grams of Na.COs.XH.O per litre.

e BAZ2: which is 0.1M hydrochloric acid solution
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e Methyl orange indicator.

You are required to determine the number of moles of water of crystallization in hydrated sodium
carbonate.

Procedure;

v' Pipette 25.0cm’ or 20.0cm’ of BA1 into a clean conical flask . Add 2-3 drops of methyl orange
indicator and titrate with solution BA2 from the burette to the end point (i.e the endpoint is
reached when the solution just turns pink).

v' Repeat the titration until successive readings differ by no more than 0.10cm’ and record your
results in the table below.

Results
VVolume of pipette used=........cccoumrrerneinsissisiinsiinen . CM

Burette readings

Titration 1 2 3

Final readings/ cm’

Initial readings / cm’

\Volume of BA2 used/

cm’

Values used to calculate average volume Of BA2 USed......uiimniciniisiminsi s st s sssss s

AVErage VOlUME OF BA2 USEA ....veeeuiuniercereee e iisens et s et e s s is s s s s s st s s sns s

Questions:

(a) Write the balanced equation between hydrochloric acid and sodium carbonate.
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Experiment 3
Aim: standardization of hydrochloric acid with sodium hydroxide solution.
You are provided with the following solutions;
» BAT: which is 0.1M sodium hydroxide solution
» BAZ2: which is hydrochloric acid solution of unknown concentration
» Phenolphthalein indicator.
You are required to determine the molar concentration of hydrochloric acid solution
Procedure:

Pipette 25.0cm’ or 20.0cm’ of solution BA 1 into a clean conical flask . Add 2-3 dops of phenolphthalein
indicator and titrate with solution BA2 from the burette until the pink solution just turns colourless and
record the readings in the table below.

Repeat the titration with other portions of the solution BA1 until the successive burette readings differ by
no more than +/- 0.10cm’

Table of results

V/OlUME OF PIPELLE USEQ.uuuiusvercereeereeisiisces st s sisees e s s s st s s et et s s s st s bt

Titration 1 2 3

Final readings/ cm’

Initial readings / cm’

\Volume of BA2 used/

cm’

Values used to calculate average volume OF BA2 USEQ......cuuriureeiimmentmimsess s iissis s sins st sss s sis s snss

AVErage VolUME OF BA2 USEA ....voeeuiumiercereee s s see et s sns et s s s s s ns st s s s s

Questions:
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(@) Write down the equation for the reaction between BA1 and BA2

(b) Calculate the:

Number of moles of sodium hydroxide used.

(c) Number of moles of hydrochloric acid solution that reacted with sodium hydroxide

(d) Determine the molar concentration of hydrochloric acid solution
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Experiment 4
Aim: standardization of hydrochloric acid with sodium carbonate solution
You are provided with the following solutions;
e BAT: which is 0.1M sodium carbonate solution
e BAZ2: which is hydrochloric acid solution of unknown concentration
e Methyl orange indicator
You are required to determine the concentration of hydrochloric acid solution in mol dm’
Procedure

v' Pipette 25.0cm’ or 20.0cm’ of BA1 into a clean conical flask. Add 2-3 drops of methyl orange
indicator and titrate with solution BA2 from the burette to the end point (i.e. the endpoint is
reached when the solution just turns pinR).

v' Repeat the titration until successive readings differ by no more than 0.10cm’ and record your
results in the table below.

Results
Volume OF PipELLe USed=....crvreremrvesssemssessssmsssssnsenes s CM

Burette readings

Titration 1 2 3
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Final readings/ cm’

Initial readings / cm’

\Volume of BA2 used/

3

cm

Values used to calculate average volume OF BA2 USE.......eiimiusinneeeseeineiiis st sss st s sissns s s os

Average volume Of BA2 USEA .......cuiiiisiiininsiis i st st ss s st ss s st s s st s

Questions:

(a) Write the balanced equation between BA1 and BA2.

(b) Calculate the:

Number of moles of sodium carbonate used

Number of moles of hydrochloric acid solution that reacted with BA1

ceeeye
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Determine the concentration of hydrochloric acid solution in moles per litre.
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Experiment 5
Aim : to standardize sodium hydroxide using sulphuric acid solution
You are provided with the following solutions;
= BA1: which is a solution of sodium hydroxide of unknown concentration
= BA2: which is 0. 1M sulphuric acid solution
=  Phenolphthalein indicator.
You are required to determine the concentration of sodium hydroxide solution in grams dm’
Procedure:

Pipette 25.0cm’ or 20.0cm’ of solution BA T into a clean conical flask . Add 2-3 drops of phenolphthalein
indicator and titrate with solution BA2 from the burette until the end point and record the readings in the
table below.

Repeat the titration with other portions of the solution BA1 until the successive burette readings differ by
no more than +/- 0.10cm’

Table of results

V/OlUME OF PIPELLE USEQ...uuuiusiertrreetsee s ces et s is st s s st s s st s s s s st s s s s

Titration 1 2 3

Final readings/ cm’

Initial readings / cm’

\Volume of BA2 used/

cm’

Values used to calculate average volume OF BA2 USE.......ceeuiuserseeeseeseiinscrreee s sessees s s sisens s s sseson

Average VolUME OF BAZ2 USEA ....coiuiiuriiriitine ittt sss st is s s s s st s s s s

Questions:

() Write the balanced equation between sulphuric acid and sodium hydroxide
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(b) Calculate the:

i.  Number of moles of sulphuric acid used

ii.  Number of moles of sodium hydroxide that reacted with sulphuric acid

(c) Determine the concentration of sodium hydroxide solution in grams dm~“(Na=23,0=16,H=1)
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Experiment 5

Aim: to standardize a solution of sulphuric acid using sodium carbonate

You are provided with the following solutions;
V' BAT: which was prepared by dissolving 7.15 grams of Na.CCs. 10H.0 per 250cm’ of solution
v BA2: which is sulphuric acid solution
v Methyl orange indicator.

You are required to determine the concentration of sulphuric acid solution in mol dm™

Procedure:

Pipette 25.0cm’ or 20.0cm’ of solution BA1into a clean conical flask. Add 2-3 drops of methyl orange
indicator and titrate with solution BA2 from the burette until the end point and record the readings in the
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table below.

Repeat the titration with other portions of the solution BA1 until the successive burette readings differ by
no more than +/- 0.10cm’

Table of results

VOUME OF PIPLEE USBU..uuiueiusiusiesiis s iseirees s st e sss st st st s s s s s s s s bbbttt et st st st st s s

Titration 1 2 3

Final readings/ cm’

Initial readings / cm’

\Volume of BA2 used/

cm’

Values used to calculate average volume OF BA2 USE.......euermimmemseeeseeise s crseee s sss st s sisens s sseson

Average VolUMe OF BAZ USEA ....ccuiiieiirieiie st sns st sss s s s s s s st s s st

Questions:

(a) Write the balanced equation between sulphuric acid and sodium carbonate.

(b) Calculate the:

i.  Molarity of sodium carbonate solution. (Na=23, C=12,0=16,H= 1)
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ii. Number of moles of sodium carbonate used

ii. ~ Number of moles of sulphuric acid solution that reacted with sodium
carbonate

(c) Determine the concentration of sulphuric acid solution in moles per litre.
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SECTION 7
DETERMNATION OF ATOMC MASS OF A METALLIC ELEMENT/ RADICAL
Experiment 1
Aim: determination of atomic mass of M in the metal hydroxide, M(CH):.
You are provided with the following solutions;
o BA1: which is 0.2M hydrochloric acid solution

o BA2: which is a solution containing 5.75 grams of a metal hydroxide , M(CH)., per litre (M
represents a metallic element)

0 Methyl orange indicator.
You are required to determine the atomic mass of M.
Procedure:

Pipette 25.0cm’ or 20.0cm’ of solution BA 1 into a clean conical flask . Add 2-3 drops of methyl orange
indicator and titrate the resultant solution with BA2 from the burette until the solution just turns orange
and record the readings in column 1 of the table below.
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Repeat the titration with other portions of the solution BA1 until the successive burette readings differ by
no more than +/- 0.10cm’

Table of results

VOlUME OF PIDELLE USEU..ovuvervvvurrerissessissenesss s sisessssssnsesssssssnessssssnsessssssens s CITL

Titration 1 2 3

Final readings/ cm’

Initial readings / cm’

\Volume of BA2 used/

cm’

AVErage VolUME OF BA2 USEA ....vueuiuniercereee s is s st s ses et s s s s s st s s s s

(a) Calculate the:

i. Number of moles of hydrochloric acid used

ii. Number of moles of M(CH). that reacted with hydrochloric acid
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i Molarity of the metal hydroxide, M(CH).

iv. Formula mass of M(CH).

v. Atomic mass of M in M(CH).
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Experiment 2
Aim: determination of relative atomic mass of W in a metal carbonate, W.CCO;
You are provided with the following solutions;
» BA1: which is 0.1M hydrochloric acid solution
» BA2: which is a solution containing 5.75 grams per litre of a metal carbonate , W.COs
» Phenolphthalein indicator.
You are required to determine the relative atomic mass of W.
Hydrochloric acid reacts with W.CUOs according to the ratio of 2:1
Procedure;
v' Pipette 25.0cm’ or 20.0cm’ of solution BA2 into a clean conical flask.
v’ Titrate the resultant solution with BA1 from the burette using phenolphthalein indicator
v’ Repeat the titration until you obtain consistent results.
v" Record your results in the table below.

VOUME OF PIDLEE USBA..uuiuniuniusiesiisisis v s s st ere sttt st s s s s s s s s s bbbttt s st st st s

Titration 1 2 3

Final readings/ cm’

Initial readings / cm’
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\Volume of BA2 used/

3

cm

Values used to calculate average volume Of BA2 USed.....uiimrniniisimiss s s s ssssss s

AVErage VOIUME OF BA2 USA ...veeeuiuniercereee e iiscns et st eee s e s s s s s s st s s st s

Questions:

(a) Write an ionic equation for the reaction between hydrochloric acid and W.CO;

(b) Calculate the:

i, Number of moles of BA1 that reacted

ii.  Molarity of BA2
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ii.  Relative atomic mass of W. (C=12, 0=16)
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Experiment 3

You are provided with the following solutions;

v BAT: This is 0. 1M sodium hydroxide solution

v’ Phenolphthalein indicator

v BAZ2: which is a solution made by dissolving 13.60 grams of an acid salt, KHX per litre of solution.

(X represents a sulphate or carbonate radical) . You are required to identify radical X).

Procedure:

Pipette 25.0cm’ or 20.0cm’ of solution BA2 into a clean conical flask . Add 2-3 drops of phenolphthalein

indicator and shake well. Titrate the resultant solution with BA1 from the burette until the solution just

turns pink and record the readings in the table below.

Repeat the titration with other portions of the solution BA1 until the successive burette readings differ by

no more than +/- 0.10cm’

Table of results

V/OUME OF PIPELLE USBA....uiiiiiiis e isis s v s s s s sns st st st s s s

cm’

Titration

.

Final readings/ cm’

Initial readings / cm’

\Volume of BA2 used/

cm’

Page 28 of 28




UNDERSTAND O LEVEL CHEMISTRY PRACTICALS HIGHLY

AVErage VolUME OF BA2 USEA ....ceeeuiuniercereee s is s ettt s s s s s s ses st s s sns s

(a) Calculate the:

i. Number of moles of sodium hydroxide solution in the average volume

Number of moles of the acid salt ,KHX that reacted with sodium hydroxide

iil. Molarity of the acid salt, KHX.
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(b) Determine the relative molecular mass of the acid salt, KHX .
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(¢) Identify X in the acid salt , KHX . (K=39, H=1)
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SECTION #

DETERMNATION OF NUMBER OF MOLES OF WATER OF CRYSTALLIZATION IN A HYDRATED

Experiment 1

Aim: to determine the number of moles of water of crystallization in sodium carbonate

You are provided with the following solutions;

COMPGUND

v BA1: which is solution made by dissolving 7.20 grams of NaCO3.XH2C per 250 cm3 of

solution

v' BA2: which is 0.1M sulphuric acid solution

v’ Methyl orange indicator.

You are required to determine the number of moles of water crystallization in hydrated sodium

carbonate.

Procedure:

Pipette 25.0cm’ or 20.0cm’ of solution BA 1 into a clean conical flask. Add 2-3 drops of methyl orange
indicator and titrate the resultant solution with sulphuric acid from the burette until the solution just turns
orange and record the readings in column 1 of the table below.

Repeat the titration with other portions of the solution BA1 until the successive burette readings differ by
no more than 0.10cm3 and record your results in the table below.

Results

V/OlUME OF PIPELLE USEQ..uuuiuniescerrereesimseescrr et es st s s ens st s ens e

cm

Titration

.

Final readings/ cm’

Initial readings / cm’

\Volume of BA2 used/

cm’

AVErage VOIUME OF BA2 USA ...veeeuiuniercereee s iises st s et eee st s s st s s st st s s st ens
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Questions

(a) Write a balanced equation for the reaction between sulphuric acid and hydrated sodium carbonate.

(b) Calculate the:

Number of moles of sulphuric acid solution in the average volume

Number of moles of hydrated sodium carbonate that reacted with BA2

Molarity of hydrated sodium carbonate
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Concentration of hydrated sodium carbonate in grams per litre (Na=23, C=12,H=1,
0=16)
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(c) Determine the relative molecular mass of hydrated sodium carbonate

(d) Hence , deduce the value of X in Na.C0s.XH.O (Na=23,C=12, O=16, H=1)
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Experiment 2

Aim: to determine the number of moles of water of crystallization in oxalic acid.

You are provided with the following solutions;
» BA1: which is 0.1M sodium hydroxide solution
» BA2: which is a solution made by dissolving 6.30 grams of H.C.0..WH.O per litre of solution
» Phenolphthalein indicator.

You are required to determine the number of moles of water of crystallization in hydrated Oxalic acid,
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HZCZOH.WHZO.
Procedure:

Pipette 25.0cm’ or 20.0cm’ of solution BA T into a clean conical flask. Add 2-3 drops of phenolphthalein
indicator and shake well. Titrate the resultant solution with BA2 from the burette until the solution just
turns pink and record the readings in the table below. Repeat the titration with other portions of the
solution BA 1 until the successive burette readings differ by no more than 0.10cm’

Table of results

V/OlUME OF PIPELEE USEQ...uuueusiueireerereeiiisrereresee s iisersere e ssssnsensesesee s ssssssenssneseeCITN

Titration 1 2 3

Final readings/ cm’

Initial readings / cm’

\Volume of BA2 used/

3

cm

Average VolUME OF BA2 USEA w.uuwrveuveemssmsensesensesvessssss s s sssssssss s esssssssssssssssssssesssssssssssssssnsssaas G

Equation of reaction

H.C.0.(aq) + 2NaOH(ag) ~——p Na:.C.0aq) + 2H.0()
(a) Calculate the:

i. Number of moles of sodium hydroxide solution used.

ii.  Number of moles of hydrated oxalic acid that reacted with BA1
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iil.  Molarity of hydrated oxalic acid, H.C:0u. WH.O

iv.  Concentration of hydrated oxalic acid, H.C.0..WHO in grams per litre
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(b) Determine the relative molecular mass of hydrated oxalic acid.
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(c) Hence, deduce the value of W in H:C.0u.WH.O( C=12, O=16, H=1)
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SECTION
DETERMINATION OF BASICITY OF AN ACID
Experiment 1
Aim : to determine the concentration of monobasic acid solution in grams dm’
You are provided with the following solutions;
e BAT1: which is a solution of monobasic acid, HX of formula mass 37.

e BA2: which is a solution made by dissolving 5.3 grams of sodium carbonate per litre of
solution

e Methyl orange indicator.
You are required to determine the concentration of monobasic acid solution in grams dm™
Procedure:

Pipette 25.0cm’ or 20.0cm’ of solution BA 1 into a clean conical flask. Add 2-3 drops of methyl orange
indicator and titrate with BA2 from the burette until the pink solution just turns yellow.

Repeat the titration with other portions of the solution BA1 until the successive burette readings differ by
no more than 0.10cm3 and record your results in the table below.
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Results

V/OlUME OF PIPELLE USEQ..cuuuiuuiescrrereseesiaseiscrr et s es st s s ens e s s ens e

cm’

Titration

1

Final readings/ cm’

Initial readings / cm’

\Volume of BA2 used/

cm’

Average VolUME OF BA2 USA .......ucwiueereeiisiirsee st siss st s st st st sis s s s s s s

Questions:

(a) Write a balanced equation between the monobasic acid and sodium carbonate

(b) Calculate the:

i

ii.

Molarity of sodium carbonate solution.

Number of moles of sodium carbonate that reacted with the acid
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iii. Number of moles of the acid that reacted with sodium carbonate

(c) Determine the;

i.  Molarity of the monobasic acid.

ii.  Concentration of the monobasic acid solution in grams per litre.
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Experiment 2
Aim: to determine the basicity of an acid of formula H.X.
You are provided with the following solutions;

» BAT1: This is 0.1M acid of formula HnX.

> BA2: which is solution prepared by dissolving 2.0 grams of sodium hydroxide per 250cm’
of solution.

» Phenolphthalein indicator.
You are required to determine the basicity of the acid of formula H.X

Note: the basicity of an acid is the number of hydrogen atoms in one molecule of an acid, which are
replaceable by a metal.

Procedure:
Pipette 25.0cm” or 20.0cm’ of solution BA 1 into a clean conical flask. Add 2-3 drops of phenolphthalein
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indicator and titrate the resultant solution with BA2 from the burette until the solution just turns pink .

Repeat the titration with other portions of the solution BA1 until the successive burette readings differ by
no more than 0.10cm3

Table of results

\/OlUME OF PIPELEE USEQ....uuiusiurireerereeirisenscersre s nnsenseee s sessensesesee s ssssssenseneseeCITN

Titration 1 2 3

Final readings/ cm’

Initial readings / cm’

\Volume of BA2 used/

cm’

Average VolUME OF BA2 USEA w.u.vvveurvevvssnsnssvsssssssssssssssssssssssssssssssssssssssssssmsssssssssssssssssssssssssssssssssanssss G

Questions:
(a) Write;

i.  The balanced molecular equation between acid, H-X and sodium hydroxide.

ii.  Anionic equation for the reaction

(b) Calculate the:

i.  Molarity of sodium hydroxide solution
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ii. ~ Number of moles of sodium hydroxide that reacted with the acid.

iil. ~ Number of moles of the acid, H.X that reacted with sodium hydroxide

iv.  Calculate the basicity of the acid of formula HnX.
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Experiment 3
Aim: to determine the molar concentration of a dibasic acid, H-X
You are provided with the following solutions;

e BAT: This is a solution of a dibasic acid.

e BA2: which is 0.2M sodium hydroxide solution

e Phenolphthalein indicator.

You are required to determine the molar concentration of the dibasic acid.

Procedure:
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Pipette 25.0cm’ or 20.0cm’ of solution BA2 into a conical flask . Add 2-3 drops of phenolphthalein indicator
and titrate with BA1 from the burette until the solution just turns colourless.

Repeat the titration with other portions of the solution BA1 until the successive burette readings differ by
no more than 0.10cm3

Table of results

VOlUME OF PIDELLE USEU..vvuvervveuserissenssssssenessssssssssssessssssnsesssssssnessssssnssssssssens eI

Titration 1 2 3

Final readings/ cm’

Initial readings / cm’

\Volume of BA2 used/

cm’

Average VolUMe OF BA2 USEA w...uvveurvevvsimsnssissssssssssssssssssssssssssssessssssssssssssmsssssssssssssssssssssssssssssssssssnnsss G

(a) Write;

i.  The balanced molecular equation between a dibasic acid and sodium hydroxide.

ii.  The ionic equation for the reaction

(b) Calculate the:

i.  Molarity of sodium hydroxide solution in BA2

Page 49 of 49
Mpangatisicentmergan8@gmail.com




UNDERSTAND O LEVEL CHEMISTRY PRACTICALS HIGHLY

ii.  Number of moles of sodium hydroxide that reacted with the acid.

iil.  Number of moles of the acid, H.X that reacted with sodium hydroxide

iv.  Molarity of the acid H.X in BA1
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(C) Determine the concentration of the acid H2X in BATin gdm™( H=1, X=88)

SECTION V/
DETERMINATION OF STIOCHIOMETRY OF THE NEUTRALIZATION REACTION
Experiment 1
Aim: determination of stoichiometric ratio for the reaction between hydrochloric acid and substance T
You are provided with the following solutions;

» BAT: which is 0.3M hydrochloric acid solution
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» BA2: which is a solution containing 5.75 grams per litre of substance T.
» Phenolphthalein indicator.

You are required to determine the stoichiometric ratio for the reaction between hydrochloric acid and
substance T.

Procedure:

Pipette 25.0cm’ or 20.0cm’ of solution BA2 into a clean conical flask. Add 2-3 drops of phenolphthalein
indicator. Titrate with BA1 from the burette.

Repeat the titration until the successive burette readings differ by no more than+/- 0.10cm’. Record your
results in the table below.

Table of results

V/OlUME OF DIDELEE USEQ . uuuiusiesceeeeesee i iaseesees st s eesees e s s s st s ettt s sk s s st e bt

Titration 1 2 3

Final readings/ cm’

Initial readings / cm’

\Volume of BA2 used/

3

cm

Values used to calculate the average VoluMe OF BAT.....uuuueuemsrsevesimssnssmenssssssesssssssnssmesssssssesssssssnsssseas G

Average Volume OF BA2 USEA ...ceuniuiereereeeree s inenscer e s ensene s s sssensesesee s sssessenssssses s sssssseneens CT1

Questions:
(a) Calculate the;

Number of moles of BA1 that reacted
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Number of moles of BA2 that reacted with BA1 .( formula mass of T=60)

The mole ratio in which hydrochloric acid reacts with substance T
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SECTION v/
DETERMNATION OF FORMULAE OF ORGANIC ACIDS
Experiment 1
Aim: to determine the formula of an organic acid, H-(CH.)«-COCH and name it.
You are provided with the following solutions;

v BA1: which is 0.2M sodium hydroxide solution

v’ BAZ2: which is a solution prepared by dissolving 6 grams of H-(CH:)x-COCH per litre.

v’ Phenolphthalein indicator.
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You are required to determine the formula of an organic acid, H-(CH;)x~COOH and give it a name.

Procedure:

Pipette 25.0cm’ or 20.0cm’ of solution BA 1 into a clean conical flask . Add 2-3 drops of phenolphthalein
indicator and shake well . Titrate the resultant solution with BA2 from the burette until the pink solution
just turns colourless and record the readings in the table below.

Repeat the titration until the successive burette readings differ by no more than+/- 0.10cm’,

Table of results

V/OlUME OF PIPELEE USEQ..uuuiuniuscereeeree i iesees st sisers e s s s st s et s s s s s s st s st

Titration

.

Final readings/ cm’

Initial readings / cm’

\Volume of BA2 used/

cm’

Average VolUMe OF BA2 USEA w...uvveurvevvsimsnssissssssssssssssssssssssssssssessssssssssssssmsssssssssssssssssssssssssssssssssssnnsss G

(a) Write an equation for the reaction between BA1 and BA2

(b) Calculate the:

Number of moles of sodium hydroxide solution used.
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ii.  Number of moles of the organic acid that reacted with BA1

ii.  Molarity of the organic acid, H-(CH:)x-COCH .
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(c) Determine the relative molecular mass of the organic acid, H-(CH:)x-COCH.

(d) Deduce the value of X in the organic acid, H-(CH.)x-COCOH and hence, determine the formula of
an organic acid, H-(CH.)x-COCH and give it a name. (C=12, 0=16, H=1)
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SECTION W7

DETERMNATION OF PERCENTAGE PURITY /IMPURITY OF SUBSTANCES
Experiment 1
Aim: determination of percentage purity of sodium carbonate in a given sample.
You are provided with the following Solutions;

e BA1: which is a solution containing 15.5 grams of an impure sample of sodium

Carbonate, Na.C0s. 10H:C per litre of solution

e BA2: This is a 0. 1M hydrochloric acid solution.

e Methyl orange indicator
You are required to determine the percentage purity of sodium carbonate.
Procedure:

Pipette 25.0cm’ or 20.0cm’ of solution BA T into a clean conical flask . Add 2-3 drops of methyl orange
indicator and titrate the resultant solution with BA2 from the burette until the solution just turns pink and
record the readings in column 1 of the table below.
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Repeat the titration with other portions of the solution BA1 until the successive burette readings differ by
no more than +/- 0.10cm’. Record your results in the table below.

Table of results

VOlUME OF PIDELLE USEU.vvvvvumrvvsusmeressssrrssssesssesssssssssssmssssssssssssssssssssssssssssssssans s CITU

Titration 1 2 3

Final readings/ cm’

Initial readings / cm’

\Volume of BA2 used/

cm’

Values used to calculate average volume of BA2 use

AVErage VolUME OF BA2 USEA ....coeuiuniercereee e s eee st sis st s sss s s s s s ses st s s s s

Questions:
(a) Calculate the;

i. Molarity of BAT
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ii. Mass of sodium carbonate in a litre of BA1(Na=23, C=12, O=16, H=1)
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(b) Percentage purity of sodium carbonate in the sample
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Experiment 2
Aim : determination of percentage impurity in a sample of impure sodium hydroxide.
You are provided with the following solutions;

» BAT: which is a solution containing 5.0 grams of an impure sample of sodium hydroxide , NaOH per
litre of solution.

» BA2: which is a 0.1M hydrochloric acid solution

» Methyl orange indicator.
You are required to determine the percentage impurity in a sample of impure sodium hydroxide.
Procedure:

Pipette 25.0cm’ or 20.0cm’ of solution BA 1 into a clean conical flask . Add 2-3 drops of methyl orange
indicator and titrate the resultant solution with BA2 from the burette until the solution just turns pink and
record the readings in column 1 of the table below.

Repeat the titration with other portions of the solution BA1 until the successive burette readings differ by
no more than +/- 0.10cm’. Record your results in the table below.
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Table of results

VOlUME OF PIPEEL USE.usuuurrvvesvsrresssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns G

Titration 1 2 3

Final readings/ cm’

Initial readings / cm’

\Volume of BA2 used/

3

cm

Values used to calculate average volume of BA2 use

Average volume Of BA2 US .......cuisiveneeiminnessniinens s ssinsess s sssessssesssssssessmssssessssssssesssessnens I

Questions:
(a) Calculate the;

i. Molarity of BA1

Page 63 of 63
Mpangatisicentmergan8@gmail.com




UNDERSTAND O LEVEL CHEMISTRY PRACTICALS HIGHLY

ii. Mass of sodium hydroxide in a litre of BA1 (Na=23, 0=16, H=1)
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(b) Percentage impurity of sodium hydroxide in the sample

Page 65 of 65
Mpangatisicentmergan8@gmail.com



UNDERSTAND O LEVEL CHEMISTRY PRACTICALS HIGHLY

CHAPTER TWO

THERMOMETRIC TITRATIONS
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Introductory notes. Thermometry deals with the study of chemical reaction accompanied by a marked heat
change or enthalpy change. The term heat is defined as energy, which is transferred from one place to
another owing to a temperature difference between them.

v When the heat from a chemical reaction is liberated to the surroundings, the reaction is called an
exothermic reaction.

Energy diagram for an exothermic

reaction

v When the heat is absorbed from the surroundings for a chemical reaction to take place, the
reaction is called an endothermic reaction. Hence enthalpy change is given +ve sign.

v The heat change which occurs in a chemical reaction is named after the type of reaction in which it
occurs.

v Example; heat of neutralization is defined as heat given out when one mole of an acid is completely
neutralized by one mole of a base, when the reaction is carried out in very dilute solution.

Note: the following must be noted:

v’ The initial temperature ,To of the solution (acid + base) is taken as the average

. _(Ta +Tb)
YT 2

v’ Temperature cannot reach the expected maximum since there are constant heat losses to the
surroundings. So to obtain the theoretical maximum temperature, a graph of temperature rise
against time is plotted.

—_— e T

Toomp : S —— Temperature rise, lo = Tmax- To
g e e -

“Tierm
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Experiment 1

You are provided with the following;

BA1: This is 1™ hydrochloric acid solution.

BA2: This is sodium hydroxide solution

You are required to determine the molar concentration of BA21 by thermometric titration.
Procedure:

v’ Rinse the inside of a plastic beaker or cup provided with distilled water. Also rinse the
thermometer. Record your results in the table below.

V' Pipette 25cm’ or 20cm’ of BA2 into the beaker; record the temperature of the solution as T+. This
is taken to be the initial temperature for the reaction.

v Fill the burette with standard solution BA1. Assemble the apparatus as shown below

Iripod -—p
- Stand j

—Thermomete ¢

Solution

BA2 Plasuc beakc;r

(cup)
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v' Carry out the titration by steadily adding 4.00cm’ portions of BA1 from the burette at regular
time intervals ( say 15s) .After each addition stir the mixture carefully with the thermometer and
record the steady temperature of the mixture.

v Ineach case record total volume of BA1 that has been added, and take up to 10 readings
throughout the titration.

Results;

TEMPEIALUTE T iesvvvvvsssseessvsssssssessssssss s s sss s sss st ssssss s s ssssss s sssssssssssssss e G

VOlUME OF PIDELLE USEU..vvuvervviusesrsisees s sss s ssssssssssssessssssssessssssnssssssssssens s CITL

Burette 1 2 3 H 5 6 7 8 S 10
readings

Total volume of | 4.00 8.00 12.00 | 16.00 | 20.00 | 24.00 | 28.00 | 32.00 | 36.00 | 40.00
BA1 added/ cm’

Temperature of
mixture(°C)

Questions;

(@) Plot a graph of temperature against volume of BA1 added, to obtain the following shape.
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