
Raffles Institution 
H2 Chemistry Practical 2022 

Planning Experiments - Introduction 

@• Practical Assessment 

1.1 Scheme of Assessment 

Paper Type of paper Duration Weiahtina {%\ Marks 
1 Multiple Choice 1 h 15 30 
2 Structured Questions 2h 30 75 
3 Free Response Questions 2h 35 80 
4 Practical Paper 2 h 30 min 20 55 

1.2 Assessment Objectives 

A Knowledge with understanding 
B Handling, applying and evaluating information 
C Experimental skills and investigations 

Candidates should be able to: 

1. follow a detailed set or sequence of instructions and use techniques, apparatus and materials safety and 
effectively • 

2. make, record and present observations and measurements with due regard for precision and accuracy 
3. interpret and evaluate observations and experimental data 
4. identify a problem, devise and plan investigations, select techniques, apparatus and materials 
5. evaluate methods and techn iques, and suggest possible improvements 

1.3 Paper 4 (2 h 30 min) 

• This paper will assess appropriate aspects of objectives C1 to C5 in the following skill areas: P, MMO, PDO 
and ACE. 

1. Planning (P) 

Candidates should be able to: 

• define the question/problem using appropriate knowledge and understanding 
• give a clear logical account of the experimental procedure to be followed 5% 

• describe how the data should be used in order to reach a conclusion 20% 
• assess the risks of the experiment and describe precautions that should be taken 

to keep risks to a minimum 

2. Manipulation, measurement and observation (MMO) Note: The assessment of PDO and 
ACE may also include questions on 3. Presentation of data and observations (PDO) data-analysis which do not require 15% 

4. Analysis, conclusions and evaluation (ACE) practical equipment and apparatus. 

• One, or more, of the (experimental) questions may incorporate some assessment of Skill P, set in the context 
of the syllabus content, requiring candidates to apply and integrate knowledge and understanding from 
different sections of the syllabus. It may also require the treatment of given experimental data to draw a 
relevant conclusion and analyse a proposed plan. 



2.1 Main components of a written report for the plan of an experiment 

Headings Remarks 
1 Aim • Always read the given question carefully and understand 

the aim of the experiment. 
2 Theory 

• identify the topic (e.g. kinetics) • May be asked to write briefly about the chemistry 
• define the problem and give the principles underlying the experiment. 

theoretical basis of why a certain • May be asked to state the dependent variable and the 
method is used independent variable in the experiment. 

• give outline of method 
3 Pre-experimental calculations ✓ 

• show calculations of quantities of • Make suitable assumptions to work out appropriate 
reagents to be used quantities (masses or volumes of chemicals) to be 

used. 

4 Procedure ✓ 

• state chemicals and apparatus used • Give a detailed sequence of steps to be carried out to 
• propose detailed sequence of steps collect experimental data. 

• Within the procedure, 

► all apparatus used and their capacities (if relevant) 
should be stated. 

► the mass or volume of each chemical used should 
be stated (pre-experiment calculations have to be 
done beforehand) 

5 Results ✓ 

• construct appropriate tables to record • Construct appropriate tables to record experimental data. 
experimental data 

6 Treatment of results ✓ 

• preferably use a hypothetical • Use relevant formulae to perform calculations 
experimental result (e.g. y cm3) and • Plot relevant graphs 
show how it can be used to achieve 
the aim of the experiment 

7 Safety considerations ✓ 

• identify one or more safety risks • Suggestion should always tackle the accompanying risk 
• suggest ways to overcome safety e.g. "gloves and lab coat should be wom as concentrated 

risks sulfuric acid is corrosive and can cause bums if it com·es 
in contact with the skin". 
NOT just "gloves should be worn" or "gloves should be 
worn as the chemical is flammable." 

8 Reliability of results 

• state and explain measures taken to 
ensure reliability of results 
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2.2 Types of experimental variables 

• In an experiment, there are generally three types of variables . 

1 independent variable • The independent variable is the variable that is changed in an 
experiment to investigate its effect. 

• This is the variable that is being investigated in the experiment and its 

value is chosen to be varied. 

2 dependent variable • The dependent variable is the variable that is measured in an 

experiment. 

• This is the variable with value that depends on the independent variable 
and is being measured in the experiment. 

3 constant variable(s) • These are other key factor(s) that can affect the dependent variable. 

• These variables must be controlled (usually kept constant) in the 
experiment to help ensure valid conclusion can be made. 

• These are also termed controlled variables . 

• Example 1 

Hydrochloric acid and magnesium ribbon react to produce hydrogen gas. 

2HC/(aq) + Mg(s) ➔ MgC/2(aq) + Hi(g) 

You are to plan the details of an experiment, based on the volume of gas produced in 
the reaction, to investigate how the rate of reaction depends on the concentration of the 

hydrochloric acid. 

independent variable • concentration of HC/ 

dependent variable • volume of H2 gas collected in a specified time 

• time taken to produce a specified volume of H2 gas 

constant variable • temperature 

• amount/length/mass/surface area of magnesium ribbon 

• Example 2 

When aqueous sodium chloride, NaCl, is added to aqueous lead nitrate, Pb(NO3)i, a white 
precipitate of lead chloride, PbCZ2, is produced. A suggested stoichiometric equation is 

Pb(NO3)2(aq) + 2NaCi(aq) ·➔ PbC~(s) + 2NaNO3(aq) 

In separate experiments, different volumes of 0.20moldm-3 aqueous sodium chloride are 
added to a fixed volume of 0.10 mol dm-3 aqueous lead nitrate. In each case, the precipitate 
is filtered, washed with distilled water and thoroughly dried. The mass of the precipitate is 
recorded. 

You are to plan an experiment to investigate this reaction in order to confirm or reject the 
stoichiometry of the equation. 

independent variable • volume/amountlmass of NaCl 

dependent variable • mass/amount of PbC'2 

constant variable • temperature 
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2.3 Writing the procedure 

• Each procedural step must be properly described and typically comprises three parts: 

1. A verb (an action word - "weigh", "transfer", etc) 

2. Quantity and Identity of chemical to be measured and recorded e.g. (20.00 cm3 of NaOH) 

3. Instrument/ apparatus (specifying their capacity, if relevant) to be used (e.g. 100 cm3 beaker, 
electronic balance, 25.0 cm3 pipette, etc) 

• Examples: 

• Using a 25 cm3 measuring cylinder, measure 20.0 cm3 of NaOH(aq). 
• Using an electronic balance, weigh accurately about 2.5 g of Na2C03 into a clean and dry weighing 

bottle. 

Types of Planning Experiments 

• There are many types of planning experiments. They can be classified based on topics as listed below. 

3.1 Planning volumetric analysis experiments 

3.2 Planning gravimetric analysis experiments 

3.3 Planning gas collection experiments 

3.4 Planning energetics experiments 

3.5 Planning equilibrium experiments 

3.6 Planning kinetics experiments 

3.7 Planning electrochemistry experiments 

3.8 Planning organic qualitative analysis experiments 

3.9 Planning inorganic qualitative analysis experiments 

3.10 Planning organic synthesis experiments 

• Some common apparatus used in the laboratory: 

pipette 

graduated flask/ 
volumetric flask 
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Raffles Institution 
H2 Chemistry Practical 2022 

Planning Experiments 1 - Volumetric Analysis 

Lecture Outline Reference 
1 Important Points to Consider 1 Understanding Experimental Planning for 

Advanced Level Chemistry: The Learner's 
Approach (by Jeanne Tan and Kim Seng 
Chan) 

2 Acid-Base Titrations 
3 Redox Titrations 
4 Other Considerations (including micro-titration) 
5 Worked Examples 

Important Points to Consider 

(a) Identify the aim of the experiment and the type of titration to be carried out. 

Type of titration Remarks and Examples 
1 acid-base titration The type of acid and base used in the titration will determine the choice of 

indicator to be used. 

• Determination of concentration of sodium hydroxide in a given sample . 
• Determination of concentration of an acid in a sample of apple juice . 

2 redox titration Titrating an oxidising agent (KMn04, K2Cr201, H2Ci, etc.) against a reducing 
agent (Fe2•, H202, C2042-, etc.) or vice versa. 
• Determination of x in FeSQ4.xH20 . 
• Determination of concentration of H202 in a given sample . 

3 back titration Back titrations are employed when the determination of the amount of a 
substance poses some difficulty in the direct titration method, e.g. solid 
substances and volatile substances. Excess of one reagent reacted with 
compound of interest and titration is used to determine amount of unreacted 
reagent. 

• Determination of percentage by mass of CaCQ3 in a sample of 
limestone. 

• Determination of percentage by mass of NH•• in a given ammonium salt. 

4 double indicator titration Titrating a base or acid with two end-points will require two types of 
indicators. 

• Determination of percentage by mass of Na2CQ3 in a mixture containing 
I NaOH and Na2CQ3. 

• Determination of percentage by mass of NaHC03 in a mixture of 
NaHCQ3 and Na2C03. 

5 precipitation titration • Determination of concentration of Ag• in a given solution. 
• Determination of concentration of c, in a given solution . 

(b) Decide on whether a graduated flask (or volumetric flask) is needed. 

(c) 

• Can the given solutions be titrated directly? 
• Is there a need to prepare a solution from a given solid sample? 
• Is there a need to dilute a given solution to an appropriate concentration? 
• What is the capacity of the graduated flask to be used? 250 cm3 or 100 cm3? 

Decide on which solution is to be placed in the 50.00 cm3 burette and which 
solution is to be pipetted into the 250 cm3 conical flask for titration. 
For example, the diagram on the right shows the titration of A (in conical flask) 
against B (in burette). 

(d) State clearly the volume of solution to be pipetted. Common pipette sizes are 
10.0 cm3, 20.0 cm3 and 25.0 cm3

. 
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(e) If 25.0 cm3 of solution is to be pipetted into a conical flask for titration, assume titration result of between 
20.00 cm 3 and 25.00 cm3 when working out the quantity of reagent needed during pre-experimental 
calculations. The ratio of the volume of solution pipetted for titration to the volume of solution added from 
the burette should be approximately 1: 1. 

• If the titration result obtained is too low (e.g. 8.00 cm3), the percentage uncertainty (error) associated 
with this titre volume would be rather high and this would lead to problems of accuracy of measurement. 

• If the titration result obtained is too high (e.g. 55.00 cm3}, the titration process would be time-consuming 
and may incur a higher percentage uncertainty (error), as there would be a need to refill the burette 
during each titration. 

Acid-Base Titrations 

2.1 Common indicators 

• Know the colour change at the end-point for different indicators. 

Colour 
Indicator Approximate 

pH range in 'acidic' at end-point 
in 'alkaline' 

solution solution 

Methyl orange 3.2 - 4.4 red orange yellow 

Screened methyl orange 3.2 - 4.4 violet grey green 

Thymol blue 8.0 - 9.6 yellow green blue 

Thymolphthalein 9.4-10.6 colourless 
light blue (if titrant is alkali) 

blue colourless (if tltrant is acid) 

Bromothymol blue 6.0 - 7.6 yellow green blue 

Phenolphthalein 
light pink (if titrant is alkali) Note: Not used in school labs 8.3 -10.0 colourless pink 

due to potential risk of colourless (if titrant is acid) 
carcinogenicity. 

2.2 Choosing an indicator 

• Identify the type of acid-base titration to be carried out and select a suitable indicator to be used. 

Tvoe Marked pH change Suitable indicator 

1 strong acid - strong base 4-10 thymolphthalein, Note: 

thymol blue, More details will be given 

methyl orange, in the lecture notes on 

screened methyl oranqe 
Ionic Equilibria. 

2 strong acid - weak base 3.5 - 6.5 methyl orange, 

screened methyl oran~e 

3 weak acid - strong base 7.5 - 10.5 thymolphthalein, 

thymol blue 

4 weak acid - weak base no marked change No suitable indicator 

• Note that candidates can be asked to explain their choice of indicator for a planned titration. 

Example: Explain your choice of indicator for this titration. 

• This titration involves the reaction between a strong acid and weak base. 
• Methyl orange (or screened methyl orange) is a suitable indicator since its pH range {pH 3.1 to 4.4) 

coincides with the region of rapid pH change (about pH 3.5 to 6.5) in this titration. 

6 



3.1 Types of redox titrations 

Type Examples Remarks 
1 Manganate(VII) • KMnO.(aq) and Fe2•(aq) • No indicator is needed . 

titration • KMnO.(aq) and H202(aa) 

• KMnO.(aq) and C20.Z·(aq) • No indicator is needed . 

• The C20•2· solution is acidified and 
usually heated to about 65 °C before 
beina titrated aaainst KMnO.(aa\. 

• KMnQ4(aq) and N02-(aq) • No indicator is needed . 

• The KMno. solution is acidified and 
pipetted into conical flask and titrated 
aaainst NOz-(aal in the burette. 

2 Dichromate(VI) • KzCr201(aq) and Fe2•(aq) • A redox indicator is needed . 
titration 

3 lodine-thiosulfate • l2(aq) and S2032·(aq) • Starch solution is commonly used as 
titration • Iodine is usually generated the indicator. 
(or iodometric in situ by mixing Kl(aq) and 
titration) a suitable oxidising agent 

(with either one in excess) 

3.2 Colour change at the end-point for manganate(VII) titration 

Manganate(VII) 
End-point colour change 

titration with acidified KMn04 placed in the with acidified KMn04 placed in the 
burette conical flask 

C I=="' .. ~"" --- ---""""· --- ~ - ..... .... """"· .. ':' 

from pale pink to colourless 

from colourless to pale pink Note: Just before the end-point, the conical 

Note: Just before the end-point, the conical flask flask contains very little unreacted KMnO. (pale 

KMnQ4(aq) and contains Mn1' (colourless in dilute solution) and pink due to low concentration) and Mn2• 

H202(aq) very little unreacted H,O2 only. At the end-point, the (colourless in dilute solution) only. At the end-
addition of one drop oi excess KMnO. which point, the addition of one drop of excess H2O2 

remains unreacted and this gives a pale pink colour which remains unreacted and the solution will 
(pale pink due to very dilute purple). be colourless (since all KMnO, has been 

reacted). 

from yellow to pale orange/pink from pale orange to yellow 
Note: Just before the end-point, the conical flask Note: Just before the end-point, the conical 
contains very little unreacted Fe2• (almost flask contains Fe3• (yellow), very little unreacted 

KMn04(aq) and 
colourless due to low concentration), Fe3

• (yellow) KMnO, (pale pink due to low concentration) and 
and Mn2' (colourless in dilute solution) only. At the Mn2• (colourless in dilute solution) only. Mixture 

Fe2•(aq) end-point, the addition of one drop of excess of yellow and pink gives an orange colour. At 
KMnO4 which remains unreacted and this gives a the end-point. the addition of one drop of excess 
pale pink colour (pale pink due to very dilute Fe2' which remains unreacted and colour will be 
purple) . Mixture of yellow and pink gives an orange yellow due to the Fe3• present (note: all 
colour. KMno. has been reacted). 

• To decide on the colour change at the end-point of any unfamiliar redox titration, consider both the colours 
of the reactants used and the products formed in the conical flask during the course of titration. 
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3.3 Acidifying solutions - choice of acids 

• Some redox titrations require acidification with an appropriate acid. This is usually apparent from the 
question or the balanced chemical equation. For example: 

MnO.-(aq) + 5Fe2•(aq) + 8W(aq)- Mn2·(aq) + 5Fe3•(aq) + 4H20(I) 

• The choice of acid used must be considered carefully. For example, hydrochloric acid cannot be used to 
provide the acidic medium for the titration between KMnO◄ and H202. The Cr ion from HC/(aq) would be 
oxidised by either Hi02(aq) or MnO◄- to C/2(g). 

• Dilute H2SO.(aq) is commonly used to provide the acidic medium for redox titrations and is usually added in 
excess using a measuring cylinder. 

3.4 Colour change at the end-point for iodometric titration 

End-point colour change 
lodometric 
titration with iodine and starch indicator placed with iodine (and no starch indicator) in 

in the conical flask the conical flask 

l2(aq) and 
from blue-black to colourless from pale yellow to colourless Na2S203(aq) 

• For iodometric titrations, iodine is usually generated in situ in the conical flask. The brown iodine solution is 
then titrated against a standard solution of sodium thiosulfate placed in the burette. When the solution in the 
conical flask becomes pale yellow, starch indicator is added and a blue-black (or deep blue) starch-iodine 
complex is formed. The titration is continued until the blue-black solution turns colourless. 

oxidising 

7 
colourless 
solution 

agent 
t 

_g blue-black 
solution 

KI(aq) 
burette f + starch (excess) 

l containing pale yellow 
Na2S20iaq) solution 

J2(aq) -2J.,_ 
t 
yellow ..... conical flask 

solution 

• generated in situ 
containing t 

li(aq) 
brown 

solution 

• The addition of the starch indicator makes the colour change at the end-point more obvious. However, the 
starch indicator should not be added right at the start of the titration. 

• At the start of the titration, the concentration of iodine is relatively high. If the starch indicator is added at the 
start of the titration, many iodine molecules will be trapped in the starch molecules. Since the liberation of 
the iodine molecules from the starch molecules takes time, the titration results will be inaccurate. 
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Other Considerations 

4.1 Sultablllty of the concentrations of solutions used for titration 

(•I Tltrant Volume 

• When a titration is performed, the titranl volume is preferably between 10.00 cm3 and 30.00 cm3. 

t0.1 0 
• Since% uncertainty (or error) for Vti!ran1 = -- ,c 100%, % uncertainty is high if VtitraitiS too low. 

Vtitrant 

• Since the capacity of burette used is 50.00 cm3, it is important that Vtitran1 is smaller than 50.00 cml (or the 
capacity of the burette). Otherwise, the burette needs to be refilled to complete the titration, making it 
lime-consuming and may incur a higher% uncertainty. 

(b) Using micro-titration to check suitability of concentrations of solutions used 

• Let the two solutions used in a titration be FA1 and FA2. FA1 is the titrant (placed in burette) while FA2 is 
pipetted into conical flask. 

• If VFA1 < 10.00 cm3, FA1 is too concentrated and needs to be diluted. 

• lfVFA1 > 30.00 cm3, FA2 is too concentrated and needs to be diluted. 

• A micro-titration is a simple and fast method to check if the solutions used are of suitable concentrations. 

• Procedure for micro-titration: 

❖ Using a dropping pipette (or dropper), add 10 drops of FA2 to a boiling tube (If necessary, add a suitable 
indicator or acid). 

❖ Next, wash the dropping pipette with deionised water and then with FA1. 

❖ Using the same dropping pipette, add FA1 drop by drop to the boiling tube. Count the number of drops 
and shake the boiling tube to ensure good mixing until a colour change is observed (end-point of 
reaction). Record the number of drops of FA1 used. 

• Determining the suitability of [FA 1] and [FA2] from micro-titration results: 

❖ Let DFA1 and DFA2 be the number of drops of FA 1 and FA2 used in a micro-titration. 
❖ Let VFA1 and VFA2 be the volumes of FA1 and FA2 used in a normal titration; 

Micro-titration Nonnal titration 

f Similar to 
the burette 

FA1~ .f in a titration 

1/ 9 r=? I --
FA1 --+ 

◄- 10 drops of 
Similar to the ~ 
conical flask 

'--' FA2 in a titration 
25.0cm~ 

FA2 

FA2 DFA2 = 10 drops VFA2 = 25.0 cm3 

FA1 DrA• VFA1 
-· 

❖ The number of drops of FA 1 used in a micro-titration can be used to estimate the volume of FA 1 needed 
when a normal titration is carried out. 

V ·11~ n 
FA1 = I.? Vft:)'I 
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❖ Fill in the table below which shows the corresponding volume of FA 1 expected with DFAI obtained. 

DFA2 in test tube I DFA1 required in micro- Corresponding VFA1 in 
Remarks drops titration/ drops normal titration/ cm3 

10 10 7. l ·Ov iM 
10 12 3i) . 01 0 .- lt.t\-<- ~Al 
10 4 L.) -~ 0 Vtl ittt fAl 

(c) Using micro-titration results to determine the volume required to be used for dilution 

• Let Vo be the volume of solution required to be used for dilution. 

• Dilution is done by the following procedure: 

❖ Using a burette, introduce Vo cm3 of FA2 into a clean 250 cm3 volumetric flask. 

❖ Add deionised water to the 250 cm3 mark. Stopper and shake the volumetric flask to ensure that the 
solution is well mixed. 

r---------------------------------------------------------------------------------Example: 
A student performed a micro-titration using 10 drops of FA2. She found that 67 drops of FA 1 were required 
to reach the end point of the titration. 

(i) Which solution should be diluted? f~").. 
(ii) Calculate the volume of the solution needed for dilution in (i) if the total volume of the diluted solution 

is 250 cm3 

Points to consider Decisions 

How much of each solution used in each titration? Let FA2 be diluted to the concentration such 
that VFA1 used is about 25 cm3 when 
25.0 cm3 of diluted FA2 is titrated against 
FA1. 

Dilution factor 

The number of times FA2 is to be diluted is called the 

.B-dilution factor. ~ b,:t Dilution factor = ..... 
1-o 

number of drops of FA 1 
Dilution factor, DF = b f d f FA2 num er o reps o 

Volume required for dilution 

If the final volume that FA2 was to be diluted to is 250 i~O 
~i-~ \ ✓ ~1,i'vW.,\<, cm3, the volume of FA2 needed for the dilution, Vo= ;,.;:.-- --

E:fil 
~,1"' 

W{' 
F 

10 

I 
I 
I 
I 
I 
I 

J 



4.2 Safety 

• 

• 

Students can be asked to suggest safety precautions that should be undertaken during the experiment 

and to state the reasons for them. 

Examples of some basic safety precautions related to titration . 

Safety precaution Reason 

1 Fill the burette with hydrochloric acid with the To prevent any accidental spillage of the corrosive 

aid of the funnel and preferably do so at acid solution into the eyes which will cause 

below eye-level. irritation and harm. 

2 Pipette the aqueous sodium hydroxide To avoid any accidental contact or swallowing of 

solution with the aid of the pipette filler. The corrosive and toxic chemicals which can cause 

solution should not be drawn into the pipette serious harm. 
by mouth. 

3 Wear safety goggles and safety gloves when To avoid any direct skin and eye contact with the 

diluting the 1 mol dm·3 H2SO◄. dilute sulfuric acid, which is corrosive and can 
cause irritation to the skin. 

• Students can also be asked to identify one or more safety risks unique to the experiment and to suggest 

ways to overcome or minimise these safety risks. 

• Examples 

Safety risk/hazard Way to minimise or overcome the risk/hazard 

1 To prepare FA3 solution for titration, During the preparation of FA3, ensure that there is 

magnesium ribbon has to be added to no naked flame lying around to avoid any hydrogen 

hydrochloric acid. This produces hydrogen gas produced catching fire and causing an 

gas which is highly inflammable. explosion. 

2 FA 1 contains Na2C204 which is highly toxic Wear safety goggles, safety gloves and laboratory 

and also an irritant. coat when handling FA 1 to avoid any direct contact 
with the skin and also any accidental contact with 
the eyes. 

4.3 Reliability of results 

• Candidates can be asked to state measures to take to ensure reliability of results in a titration. Some 

measures are: 

• Stopper and shake the volumetric flask well to ensure a homogeneous solution is obtained. 

• Swirl the solution in the conical flask continuously during titration to ensure that the reactants are well 

mixed. 
• Repeat the titration to get at least two consistent titration readings (i.e. at least two titre values that are 

within 0.10 cm3 of each other). 

• The experiment can be repeated to check for the rel iability of the titration results. 

4.4 Checklist of skills 

Students should be able to 

(a) draw a simple diagram of a titration setup , with labelling of the solutions in the burette and conical flask 

(b) write procedures for each of the following: 

• the preparation of a standard solution using the 250 cm3 graduated flask, 

• the dilution of a given solution usi!1g the 250 cm3 graduated flask, 

• the steps to carry out an acid-base titration 
• the steps to carry out a redox titration 
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Worked Examples 

♦ ♦ Worked Example 1 ♦ ♦ 

A solid sample contains about 80% by mass of Na2C03. 

You are to design an experiment in which the percentage purity by mass of Na2C03 

in the impure sample can be determined accurately using a titrimetric method. 

You may assume that the following are available: 

• 3 g of impure Na2C03 sample 
• 0.100 mol dm-3dilute HC/ 
• acid-base indicators 
• usual titration apparatus 

(a) Write a plan involving volumetric analysis for the determination of the percentage 
purity by mass of Na2C03 in the given solid sample. 

Your plan should include the following: 
• calculation of a suitable mass of i;ample to be used 
• procedure for the preparation of'Na2C03 solution 
• details of the titration procedure 

(b) Show how the experimental results may be used to find the percentage purity of 
Na2C03 in the sample. 

(c) State any assumptions made regarding the impurity in the sample. 

-----------------------------------------------------------------------------------------------1 

Guiding questions : 
• What is the type of titration to be conducted? Is there a need for back titration? : 
• Is there is a need to prepare a solution using a graduated flask? If so, what is the capacity of the graduated: 

flask to be used? 
• Which solution, Na2COJ or HCI, is to be placed in the conical flask or burette? 
• What is a suitable indicator? What is the expected colour change at the end-point of titration? : 

l--------------------------- ------------------------------------- ---------------------------- ---

burette 
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Solution • (a) 

• Do pre~xperimental calculation. 
• Include appropriate headings 

• State clearly if there is a need to 
prepare a solution using a 
250 cm3 graduated flask. 

• State clearly the volume of the 
solution to be pipetted into a 
250 cm3 conical flask and the 
solution to be placed in the 
burette. 

• Assume a suitable value for the 
desired titration result and use it 
to 'back-<:alculate' the mass of 
impure Na2C03 to be used. 

Pre◄xperimental calculation 
• Include relevant equations, if 

necessary. 

• Show all essential steps in the 
calculation. 

• Write proper statements. 

• Use appropriate number of 
significant figures. 

• Include relevant units. 

• Include appropriate headings for 
clarity. 

• Number each step in the 
procedure. 

Each procedural step typically 
comprises three parts: 

• A verb 
• (an action word - weigh, 

transfer, dissolve, etc). 

• Quantity and identity of 
chemical to be measured and 
recorded . 
(e.g. 20.0 cm3 of NaOH) 

• Instrument / apparatus 
(specifying their capacity) to 
be used. 
(e.g. electronic balance, 100 
cm3 beaker, etc.) 

Calculation of mass of Impure Na2COl to be used 

• The mass of Impure Na2CO3 to be used needs to be calculated first. 
This mass of impure Na2CO3 has to be dissolved in water and the 
solution made up to 250 cm3 in a 250 cm3 graduated flask. 

• 25.0 cm3 of the prepared Na2CO3 solution is pipetted into a conical 
flask and the solution titrated against standard HC/(aq) placed in the 
burette. 

Let the average volume of HC/ used in the titration be 25.00 cm3. 

Amount of HC/ reacted = 25.00/1000 x 0.100 = 2.50 x 10-3 mol 

Na2CO3(s) + 2HCl(aq)--+ 2NaCl(aq) + CO2(g) + H2O(I) 

Amount of Na2CO3 in 25.0 cm3 of solution = (½) (2.50 x 1 Q--3) 
= 1.25 x 1o--3mol 

Amount of Na2CO3 in 250 cm3 of solution= (10) (1.25 x 10-3) 
= 1.25 x 10-2 mol 

Molar mass of Na2COJ = 106.0 g mol·1 

Mass of Na2CO3 = (1 .25 x 10-2) (106.0) = 1.325 g 

The impure solid contains about 80% Na2COJ by mass. 
Mass of impure Na2CO3 to be used = 1.325/0.80 = 1.66 g 

Preparation of 250 cm3 of Na2CO3 solution 

Procedure: 

1. Using an electronic balance, weigh out accurately about 1.66 g of 
the impure Na2CO3 sample in a clean and dry weighing bottle. 

2. Dissolve the sample in some deionised water in a 100 cm3 beaker. 
Transfer the sample quantitatively from the weighing bottle to the 
beaker by rinsing the weighing bottle a few times with deionised water 
and transfer all the washings into the beaker. 

3. Transfer the solution in the beaker quantitatively into a 250 cm3 

graduated flask with the aid of a funnel and a glass rod. Rinse the 
beaker a few times with deionised water and transfer all the washings 
into the graduated flask. 

4. Fill the graduated flask to the 250 cm3 mark with more deionised 
water. Use a dropping pipette (or dropper) to add the deionised water 
drop by drop when nearing the mark. 

5. Stopper the graduated flask and shake the solution thoroughly to 
ensure that it is homogeneous. Label the solution FA 3. 

13 



• lnd ude appropriate headings for 
clarity . 

• State the capacity of the pipette. 
• Name the indicator used. 
• State the number of drops of 

indicator to be added. 

• State the colour change at the 
end-point of the titration. 

• Include the criterion for 
'consistent' results. 

Solution - (b) 

Treabnent of results 

• For this part, show how the 
primary data collected can 
be used to achieve the aim 
of the experiment. 

• Use hypothetical result (e.g. 
m g and V cm3

) to represent 
the primary data collected . 

• Express the final answer in 
terms of m and V with the 
appropriate units. 

• Always check whether the 
final expression is correct by 
substituting m and V using 
suitable numerical values. 

Solution - (c) 

Titration of Na,CO;i solution against standard HCl(aq) 

Procedure: 

6. Fill the burette with the 0.100 mol dm-3 HC/ provided. 

7. Pipette 25.0 cm3 of FA 3 into a 250 cm3 conical flask. Add 2 drops of 
methyl orange indicator. Titrate this solution in the conical flask 
against the standard HC/(aq) placed in the burette. 

8. Stop the titration when the end-point is reached i.e. when one drop 
of the HC/(aq) added from the burette changes the colour of the 
solution in the conical flask from yellow to orange. 

9. Record the titration results using an appropriate table. 

10. Repeat the titration until at least two consistent results are 
obtained (i.e. the two titre volumes are within 0.10 cm3 of each 
other). 

Let the mass of impure Na2C03 sample used be m g 
Volume of Na2C03 solution pipetted for titration = 25.0 cm3 
Let the average volume of dilute HC/ for used for titration be V cm3. 

Amount of HC/ reacted = (V/1000) (0.100) = 1.00 x 10--4 V mol 

Na2C03(S) + 2HCl(aq) ---► 2NaC/(aq) + C02(9) .+ H20(/) 

Amount of Na2C03 in 25.0 cm3 of solution=(½) (1 .00 x1Q--4 V) 
= 5.00 x 10-S V mol 

Amount of Na2C03 in 250 cm3 of solution = (10) (5.00 x 10-5 V) 
= 5.00 x 10--4 V mol 

Molar mass of Na2COJ = 106.0 g mol·1 

Mass of Na2CQ3 = (5.00 x 1 Q--4 V) (106.0) = 0.0530 V g 
Mass of impure Na2C03 sample used to prepare 250 cm3 of solution = m g 

Percentage purity by mass of Na2C03 = (0.0530 V/m) (100%) = 5.30 V/m % 

The impurity present is assumed to be water soluble and does not react with dilute HCI. 
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♦ ♦ Worked Example 2 ♦ ♦ 

An old bottle of methanoic acid solution was found in a laboratory. 

It is known that methanoic acid Is a weak acid that decomposes slowly according to the following 
equation. 

HC02H ~ CO + H20 

You are to design an experiment to determine the concentration of methanoic acid remaining in 
the bottle using a titration method. 

You may assume that the following are available: 

• 150 cm3 of the partially decomposed solution from the bottle (FA1) 
• 0.200 mol dm-3 NaOH (FA2) 
• 250 cm3 graduated flask 
• deionised water 
• thymolphthalein and methyl orange indicators 
• the apparatus and materials normally found in a school or college laboratory 

The solutions were tested and it was found that 20 drops of FA1 required 4 drops of FA2 for 
complete reaction. 

(a) Write a plan for the volumetric analysis of FA 1. 

In your plan you should give: 

• details, including quantities, for the preparation of a suitable NaOH solution (i.e. FA3) 
from FA2 to be used during titration 

• the essential details of the titration procedure. 

Present your plan as a sequence of numbered steps. [5] 

(b) The label on the bottle reads ·0.1 mol dm-3 methanoic acid". 

Show how the experimental results may be used to determine the percentage decomposition 
of methanoic acid in the sample. Assume that the average titre value is x cm3• [2] 

----------------------------------------------------------------------------------------------. 
I 

Guiding questions : 
I 

• Based on the micro-titration results, is there a need to dilute any solution? If so, what volume of solution is : 
to be used for dilution? What is the capacity of graduated flask to be used? : 

• What type of titration is to be conducted and which indicator, thymolphthalein or methyl orange, is suitable?: 
• Which solution is to be placed in the conical flask and burette? : 
• What is the expected colour change at the end-point of titration? : 

~----------------------------------------------------------------------------------------------' 

burette 

burene 

)I, 
l ) 
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Solution - (a) 

• For this pre-experimental 
calculation, make use of the 
preliminary titration (miao
titration) results to determine 
which solution needs to be 
diluted. 

• See section 4.1 on page 9. 

• The HCOOH and NaOH solutions 
to be used for this 
acid-base titration should 
preferably have similar 
concentrations so that 25.0 cm3 of 
the acid will react with about 
25.0 cm3 of the base. 

• Key points to consider here: 

• dilution of FA2 is necessary 
• volume of FA2 to be used for 

dilution needs to be 
determined 

• this is a weak acid-strong 
base titration, so the suitable 
indicator is thymolphthalein. 

Solution - {b) 

Treatment of results 

• For this part, express the final 
answer in terms of x. 

Pre-experimental calculation 

Since 20 drops of FA1 required only 4 drops of FA2 for complete 
reaction, FA2 is too concentrated to be used for titration and needs to 
be diluted. 

Dilution factor = 20/4 = 5 

In this case, FA2 needs to be diluted 5 times so that 20 drops of FA1 will 
require 20 drops of diluted FA2 (i.e. FA3) for complete reaction. 

The diluted FA2 solution will be labelled as FA3. 
250 cm3 of FA3 is to be prepared using a 250 cm3 graduated flask. 

Volume of FA2 to be used for dilution = 250/5 = 50 cm3 

Preparation of FA3 {i.e. diluted FA2 solution) 

Procedure: 

1. Using a burette, add 50.00 cm3 of FA2 into a 250 cm3 graduated 
flask. 

2. Fill the graduated flask to the 250 cm3 mark with deionised water. 
Use a dropping pipette (or teat pipette) to add deionised water drop 
by drop when nearing the mark. 

3. Stopper the graduated flask and shake the solution to ensure that it 
is homogeneous. Label the solution FA3. 

Titration of FA1 against FA3 placed in the burette 

Procedure: 

4. Fill another burette with FA3. 

5. Pipette 25.0 cm3 of FA 1 into a 250 cm3 conical flask and add 2 drops 
ofthymolphthalein indicator. Titrate this FA1 against FA3. 

6. Stop the titration when the end-point is reached i.e. when one drop 
of FA3 added changes the colour of the solution in the conical flask 
from colourless to pale blue. 

7. Record the titration results using an appropriate table. 

8. Repeat the titration until at least two consistent results are 
obtained i.e. the titre volumes are within 0.1 O cm3 of each other . 

Concentration of NaOH in FA3 = 0.200/5 = 0.0400 mol dm-3 

Amount of NaOH used=_.!_ x 0.0400 = 4 x 10-Sx mol 
1000 

HCOOH(aq) + NaOH(aq) ➔ HCOO·Na•(aq) + H2O(I) 
Amount of HCOOH in 25.0 cm3 FA1 = 4 x 10-Sx mol 

Concentration of HCOOH in FA1 = 4 x 10-5x + ~ = 0.0016x mol dm-3 
1000 

% of HCOOH that remains= (0.0016x I 0.1) (100%) = 1.6x % 
% decomposition of HCOOH = (100 - 1.6x) % 
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