






WORK SHEET 1a 
 
 
To prepare a solution of sodium hydrogensulfate that has a known concentration. 
 
Requirements 
 

x weighing bottle or boat 
x one 250 cm3 volumetric (graduated) flask 
x sodium hydrogensulfate solid (see below) 
x filter funnel 
x spatula 
x de-ionised or distilled water in a wash bottle 
x one 250 cm3 beaker 
x glass rod 
x digital mass balance (reading to 2 or 3 decimal places) 

 
The composition of the sodium hydrogensulfate should be known; either anhydrous (and the purest 
available) or the monohydrate. Students need to be advised which they are using. Suppliers can also 
call this reagent sodium bisulfate.  
 
  



Suggested Method 
 
The task is to prepare 250 cm3 of a solution of sodium hydrogensulfate with a known concentration 
in the range 0.0900 to 0.110 mol dm–3 

 
The procedure is as follows 
 

a) Calculate the mass of sodium hydrogensulfate solid needed to produce 250 cm3 of a  0.100 mol 
dm–3 solution. Show your working. If you are using the anhydrous solid, the mass to weigh out 
will be between 2.7 and 3.3 g, and if you are using the monohydrate, the mass to weigh out 
should be between 3.1 and 3.8 g 

b) Weigh a clean dry weighing bottle (or weighing boat). 
c) Place the weighing bottle on the pan of a digital balance and, using a spatula, place into 

the bottle approximately the mass of sodium hydrogensulfate that you have calculated to be 
necessary. 

d) Weigh the weighing bottle and its contents accurately and record the precise mass. 
e) Pour the contents of the weighing bottle into a beaker and re-weigh the weighing bottle 

(which may still contain traces of sodium hydrogensulfate). 
f) Calculate the mass of sodium hydrogensulfate that you have transferred. Remember to record 

all weighings to the precision of the balance that you have used. 
g) Add approximately 100 cm3 of de-ionised (or distilled) water to the beaker containing the solid 

and using a glass rod, stir the contents of the beaker until all of the sodium hydrogensulfate 
dissolves. 

h) Using a funnel, pour the contents of the beaker into a 250 cm3 volumetric (graduated) flask 
and then using the wash bottle rinse the beaker and funnel into the same volumetric flask.  Rinse 
the glass rod into these washings. 

i) Make the volumetric flask up to the graduated mark by carefully adding de-ionised water from 
the wash bottle. You will need to be careful so that you do not over-shoot the mark. 

j) Stopper the volumetric flask and shake it thoroughly to mix the contents of the flask. 
k) Calculate the exact concentration in mol dm–3 of your solution quoting the value to the 

appropriate precision. Show all of your working. 
 
  





WORK SHEET 1b 
 
To determine the concentration of a solution of sodium hydroxide by titration using a sodium 
hydrogensulfate solution that has a known concentration. 
 
Whenever possible, students should work individually. 
If it is essential to work in a pair or in a small group, because of the availability of apparatus, supervisors 
must be satisfied that they are able to assess the contribution from each student to the practical activity. 
 
Requirements 
 

x burette 
x stand and clamp 
x 25 cm3 pipette 
x pipette filler 
x Two 250 cm3 conical flasks 
x Two 250 cm3 beakers 
x funnel 
x wash bottle 
x phenolphthalein indicator 
x standard sodium hydrogensulfate solution (150 cm3) 
x sodium hydroxide solution (150 cm3) 

 
The sodium hydrogensulfate solution needs to be a solution with an accurately known concentration 
between 0.0900 and 0.100 mol dm-3 or could be the solution which the student prepared as part of 
Work Sheet 1a. 
 
Students should use a sodium hydroxide solution with an accurately known concentration between 
0.0900 and 0.100 mol dm–3 but labelled as “Sodium hydroxide solution of unknown concentration”. 
 
  



Suggested Method 
 

a) Pour approximately 100 cm3 of the sodium hydrogensulfate solution into a clean, dry beaker that 
is labelled µsodium hydrogensulfate¶.  Use a small volume of this solution to rinse the burette 
before filling it with the sodium hydrogensulfate solution. 

b) Pour approximately 100 cm3 of the sodium hydroxide solution into a second clean, dry beaker 
labelled µsodium hydroxide¶. 

c) Rinse a 25 cm3 pipette with the sodium hydroxide solution provided and then, using a pipette 
filler, pipette exactly 25.0 cm3 of sodium hydroxide solution into a 250 cm3 conical flask (which 
has been rinsed with de-ionised water). 

d) Add two to three drops of phenolphthalein indicator to the solution in the conical flask and note 
the colour of the indicator in alkali. 

e) Before you start to titrate, construct a Table ready to record your results. 
f) Record the initial burette reading.  Make sure that all your burette readings are to the 

appropriate precision. 
g) Titrate the contents of the conical flask by adding sodium hydrogensulfate solution to it from 

the burette.  Add the sodium hydrogensulfate solution slowly, swirling the flask gently to mix 
the solution.  Add the sodium hydrogensulfate solution dropwise near the end-point until the 
indicator undergoes a definite colour change; this is the end-point of the titration.  Record the 
colour change in your results. Record the final burette reading in your Table of results. 

h) Calculate and record in your Table of results the volume of sodium hydrogensulfate solution 
used. 

i) Repeat the titration until you obtain two results, which are concordant.  You should normally 
carry out at least three titrations. Record all of the results that you obtain. 

j) Calculate and record the mean volume of sodium hydrogensulfate solution used in the titration. 
Show your working. 
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Q1. 
Citric acid, C3H5O(COOH)3, occurs naturally in many fruits and can also be synthesised in 
the laboratory for use as a food flavouring. A student analysed a sample of citric acid to 
determine its percentage purity. 

The student dissolved 784 mg of impure citric acid in water to prepare 250 cm3 of solution 
in a volumetric flask. 

The student titrated 25.0 cm3 samples of this solution with 0.0500 mol dm–3 sodium 
hydroxide solution using phenolphthalein as the indicator. 

C3H5O(COOH)3(aq) + 3NaOH(aq) → C3H5O(COO)3Na3(aq) + 3H2O(l) 

(a)     The student rinsed the burette before filling it with the sodium hydroxide solution. 

State why the student should use sodium hydroxide solution rather than water for 
the final rinse of the burette. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(1) 
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(b)     The student carried out several titrations. The results are shown in the table. 

Complete the table to show the titre in each titration. 
  

Titration Rough 1 2 3 

Final reading / 
cm3 25.2 23.95 47.65 24.10 

Start reading / 
cm3 0.0 0.05 23.95 0.10 

Titre / cm3         

(1) 

(c)     Calculate the mean titre using the concordant results. 

Give your answer to the appropriate number of significant figures. 

 

 

 

Mean titre ____________________ cm3 

(2) 

(d)     The total uncertainty when using the burette is ±0.15 cm3. This is the combination of 
uncertainties in the start reading, final reading and the determination of the end 
point. 

Use your answer to part (c) to calculate the percentage uncertainty for the use of the 
burette in this experiment. 

 

 

Percentage uncertainty ____________________ % 
(1) 

  



 Page 3 of 6 

(e)     Use your answer to part (c) to find the mass, in mg, of citric acid dissolved in 250 
cm3 of the solution. 

The relative molecular mass (Mr) of citric acid is 192.0 

 

 

 

 

 

 

 

mass ____________________ mg 
(3) 

(f)     Calculate the percentage purity of this sample of citric acid. 

 

 

 

Percentage purity ____________________ % 
(1) 

(Total 9 marks) 
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Mark schemes 

Q1. 
(a)     use of water would dilute the NaOH OR 

use of water would change the concentration of NaOH OR 
to ensure the concentration of the NaOH is not changed OR 

Ignore reference to weakening the solution, watering down 
the solution, contaminate 
Allow 
it would gives a titre value that is larger 
it would decrease the pH of the NaOH 
(any additional qualifying reason given must be correct) 

1 
 

(b)     Rough = 25.2, 1= 23.90, 2 = 23.70, 3 = 24.00. 
Need all four (with rough to 1dp and the other three to 2dp) 

1 
 

(c)     M1    use of titrations 1 & 3 only 
M1 is for choosing correct titres 

1 

M2    23.95 (cm3) 
M2 is for calculating the mean to 2dp for their chosen titres 
24.0 cm3 = 1 mark (wrong number of decimal places) 
24 cm3 = 1 mark (only if it is clear that titration 2 is not 
included) 
23.86 cm3 = 1 mark (used all three titrations) 
23.9 cm3 = 0 marks (used all three titrations and wrong 
number of decimal places) 
If error(s) made in 2.2, allow ECF from 2.2, where they 
choose concordant titres and find the mean (can score M1 
and M2) 

1 
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(d)     (  × 100) = 0.63% 
(0.6263%) 
Allow any correct value with at least 2 significant figures 
based on their answer to 2.3. Rounding must be correct. 

1 
 

(e)     M1    moles NaOH =  × 0.0500 (=0.001198) 
1 

M2    moles acid in flask =  × 10 (= 0.003992) 
1 

M3    mass acid ( = 0.003992 x 192.0 = 0.766 g) = 766 (mg) 
Correct answer to at least 2sf = 3 marks (allow 760-770 mg) 
Correct value in grams (lose M3) = 2 marks (allow 0.76-
0.77 g) 
Allow ECF at each stage (including those based on value 
from 2.3) 
Incorrect answers that are a factor of 10 too small lose M2 
(76-77 mg = 2 marks, 0.076-0.077 g = 1 mark) 
(if use 25 cm3 for volume of NaOH, then max 2 marks (M2 
and M3 for 800 mg) 

1 
 

(f)      (  × 100) = 97.7 or 97.8% 
Allow any correct value to at least 2 significant figures based 
on their answer to Q(e) 
(values may be over 100% if 2.5 is incorrect) 

1 
[9] 
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Examiner reports 

Q1. 
(a)     Only a minority of students (42.3%) could explain why the final rinse of a burette in a 

titration should be done with the solution going into the burette rather than with 
water. This showed the importance of students understanding why they are doing 
what they are doing in a practical procedure rather than just following instructions. 

(b)     Very few students (only 15%) could give the volumes in each titration to the 
appropriate precision, for example writing 23.9 instead of 23.90 cm3. 

(c)     The calculation of the uncertainty in the use of the burette in the titration was 
answered well, but a significant number of students did double the uncertainty 
perhaps because they did not appreciate the origins of the ±0.15 cm3 uncertainty. 

(d)     Many students could identify the concordant titres to use to find the mean, although 
many did not, but few students quoted the mean to the appropriate precision. 

(e)     This calculation was done well, but some students used the wrong volume of alkali, 
using the volume of the acid instead. The conversion of g to mg was done well. This 
question discriminated particularly well. 

(f)      Nearly half of students could find the percentage purity based on their answer to 
question (e). Worryingly, just over 20% of students made no attempt at all at this 
question. 





Instrumental Errors 
 
There are two types of errors involved in experimental measurement: 
 
(i) Human errors ʹ which can be minimised through good practical technique. 
(ii) Apparatus errors ʹ errors in the apparatus used which cannot be avoided. 

 
Apparatus errors can be quantified, giving us a measure of confidence in our results. 
  



Apparatus errors 
 
There are two types of apparatus errors, fixed errors and variable errors.  
 
(i) Fixed errors ʹ these errors are always the same for a particular piece of apparatus and occur for 

pieces of apparatus which measure a fixed amount of substance. 
The error is expressed as a percentage of the amount measured. 
 

Pipette  25ml pipettes are most commonly used and have an error of +/- 0.06 ml. 
 
% error in 25ml pipette = 0.06 x 100 = 0.24% 
              25 
 
 
Graduated flask   250 ml flask generally used when preparing standard solutions; they 
have an error of 0.15ml. 
 
% error in graduated flask = 0.15  x 100 = 0.06% 
                  250 

 
These errors would change if you used a 10 ml pipette or a 100 ml graduated flask, for example. 
  



(ii) Variable errors  - these errors depend upon the amount of substance being measured 
e.g. balance, burette. 

 
Balance  2 d.p.    error in reading = +/- 0.005 
   3 d.p.     error in reading = +/- 0.0005 
 
These errors would be doubled. Why ?       
 
            
 
 
% total error in balance (2dp) =                     x 100 
              Mass measured 

 
  % total error in balance (3dp) =                    x 100 
               Mass measured 
 
Example 3.452 g of solid were weighed by difference using a 3dp balance. What is the 
% error in this measurement ? 
 
 

  



Burette The error in a burette reading can be quantified by considering the scale 
divisions on a burette. 
 
The divisions are     ml apart, so we can measure to the nearest   ml. 
 
A titre value is given by subtracting initial volume from final volume, so two readings are 
used giving a combined error of +/-0.1 ml. 
 
We must also allow for the volume of one drop (0.05 ml) as an error in the endpoint. 
 
So total burette error is +/-  0.15 ml. 
 
 
 % error burette =     0.15       x 100 
     Titre value  
 
 
Example  A titration gave an average titre value of 24.55 cm3. What is the percentage 
error in this value ? 

  



When we do titrations, we do not want the titre values to be small e.g. 8.00 cm 3 
 
Why ? 
 
 
 
 
 
 
Total error in an experiment 
 
To find the total % error in an experiment, we add the % errors for all pieces of 
apparatus used. 

  



You are expected to: 
 
  take into account errors and limitations of the experiment and identify areas for improvement. 
 

 
 

i.e. in a practical which involves measurement you will be expected to discuss quantitatively: 
 
x the errors inherent in your measurements and techniques 
x the difference betǁeen ǇoƵr calcƵlated ͚ansǁer͛ and the eǆpected ǀalƵe ǁhere aǀailable 
x improvements you could make to the experiment to limit these errors and improve your answer. 

 
For example, you may be asked to weigh out about 5g of material using a balance which reads to 
2 decimal places. 
The error in your reading will be 0.01 g in say 5.00 g,  i.e.  0.2 % 
If the mass required was only 1.00 g the percentage error would be 1.0 % 
 
 
  



It is sometimes important to: 
 
x consider how the error in your measurements might change during an experiment, 

e.g. if the times measured for a reaction at different temperatures get longer. 
x  
x consider which pieces of apparatus are the most important in seeking to reduce your error. 

e.g. it is not important to measure a mass of substance to 0.2% accuracy if you can only measure 
a temperature change to 2% accuracy. 
 

x identify the largest source of error. 
 
  



Possible errors in the use of other pieces of apparatus are listed below: 
 

Apparatus Actual error percentage error 
volumetric flask 0.6 cm3  in 250 cm3   0.24 % 
pipette 0.05 cm3 in 25 cm3  0.2 % 
burette: reading volume 
at start and end 

0.05 cm3 (1 drop) at each end of a 25 cm3 
titre 

0.2  x 2  =  0.4 % 

burette:   end point 0.05 (1 drop) in 25cm3 titre 0.2 % 
thermometer (0-100qC) 0.5 qC in 10 qC at each end of change 2 x 5  =  10 % 
thermometer (0-50qC) 0.1 qC in 10 qC at each end of change 2 x 1  =  2 % 
stopwatch 0.1 sec in 20 sec 0.5 
 0.1 sec in 100 sec 0.1 

 
 
Note  
x accuracy  strictly refers to how close you are to the correct answer; 
x precision  refers to how carefully your readings are made (to the nearest gram,  0.1 g, or 0.01 g)   
x You are expected always to be as precise as necessary for the experiment;  accuracy comes with 

increased skill.    

x You will be rewarded for concordancy in a series of titration readings (precision);  these may 
however give you a very inaccurate result if you have made the same mistake in procedure every 
time. 

x If you take an average of two readings, you should not quote the mean to a greater degree of 
accuracy than is possible to read, e.g. the mean of 24.50 cm3  and 24.55 cm3 should be given as 
24.53 cm3 (and not 24.525 cm3 ).   

 
 





 

 Questions on Errors 
 
In each of the following, assume that the standard maximum apparatus errors were as follows: 
 
  Balance (3 dp) ± 0.0005g 

   250 cm3 volumetric flask ± 0.5 cm3 

   25 cm3 pipette ± 0.05 cm3 

   burette ± 0.15 cm3 
 

 For each exercise estimate the percentage maximum error in using each piece of apparatus, and 
hence the maximum overall apparatus error. 

 
 Use the average titre to estimate the error in using the burette.  

 
  



 

 
 
1. In a titration 25cm3 of the alkali solution were transferred to a conical flask by means of a 

pipette. An acid solution was added from a burette until the alkali was exactly neutralised. 
The average of the concordant titres was 24.45 cm3 of the acid solution. 

 
 

 Estimate the percentage maximum error in using each piece of apparatus, and hence the 
maximum overall apparatus error. 

 
  



 

 
 
2. 2.343 g of a solid alkali were measured out on a three-figure balance (the technique used was 

‘weighing by difference’). The sample was dissolved in water and the volume made up to 250 
cm3. In a titration 25cm3 of this alkali solution was added to were transferred to a conical flask 
by means of a pipette. An acid solution was added from a burette until the alkali was exactly 
neutralised. the average of the concordant titres was 19.80 cm3 of the acid solution. 

 
 

 Estimate the percentage maximum error in using each piece of apparatus, and hence the 
maximum overall apparatus error. 

 












