
Oxidation-reduction titrations
In a titration, a solution of accurately known concentration (the standard solution) is reacted with a 
solution of unknown concentration. One of the solutions will have a volume measured accurately using 
a pipette, and this solution will be placed in a conical flask. The second solution will be added from a 
burette, which also accurately measures volume. The equivalence point is reached when the reductant is 
completely oxidised by the oxidant. Acid is often added to the flask as a reactant or as a catalyst to speed 
up the reaction; it is also possible to heat the contents to speed up the reaction rate.

Sometimes, an indicator is used to help the identification of the equivalence point. In this case, the 
indicator will be one that has distinctly different colours in the presence of the oxidised or reduced forms. 
Starch can be used as an indicator in titrations involving iodine.

The primary standard must be a compound that is pure and stable to the atmosphere. Concentration can be 
expressed in grams per litre, g L–1 or % m/V – mass of solute in 100 mL of solution or moles per litre, mol L–1

Steps in titration calculations

Step 1 – Write a balanced 
equation for the redox 
reaction

Step 2 – Calculate amount 
of standard solution used 
in the titration

Step 3 – Using molar ratio 
in the balanced equation, 
calculate amount in moles 
of unknown used in the 
titration

Step 4 – Use calculated 
amount of unknown 
and measured volume 
(expressed in litres) to 
determine concentration of 
unknown

Examples

In a titration, it was found that an average of 18.55 mL of KMnO4(aq)  was 
required to reach the endpoint of a titration with a standard aqueous solution 
of oxalic acid. The concentration of the oxalic acid solution was known 
to be 0.0150 mol L−1. The volume of oxalic acid used was 25.0 mL. The 
concentration of the KMnO4 solution is determined as follows.

2MnO4
−  +  5H2C2O4  +  6H+ $ 2Mn2+  +  10CO2  +  8H2O

 n(H2C2O4) = c(H2C2O4) × V(H2C2O4)  Oxalic acid is the standard solution. 

  = 0.0150 mol L−1 × 0.0250 L  = 3.75 × 10−4 mol 

 Keep 3 significant figures – not 3 decimal places – throughout calculations. 

Ratio MnO4
− : H2C2O4  = 2 : 5  MnO4

− is the unknown. 

 n(MnO4
−) = 2/5  × n(H2C2O4) = 2/5  × 3.75 × 10−4

  = 1.50 × 10−4 mol

 c (MnO4
−) = n(MnO4

–)

V(MnO4
–)

 =  1.50 × 10–4 mol

0.0186 L

  = 8.06 × 10−3 mol L−1 (3 sf)
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Analysis by back titration
A back titration involves adding a measured excess of a reagent of known concentration to a sample that 
is being analysed. When the reaction is complete, the excess reagent is determined by titration with an 
appropriate standard solution. This information can be used to determine the amount of reagent that 
reacted with the sample being analysed, and hence the concentration of the original sample.

Examples

The alcohol content of a sample of wine was determined by a back titration method. A 10.0 mL 
sample of wine was diluted to 100 mL in a volumetric flask. A 2.00 mL sample of this diluted wine 
was added to 10.0 mL of 0.0500 mol L–1 acidified potassium dichromate solution. The mixture 
was heated so that the ethanol in the wine was oxidised to ethanoic acid:

 3C2H5OH  +  2Cr2O7
2−  +  16H+    3CH3COOH  +  4Cr3+  +  11H2O (Eqn 1)

Excess KI was added so that any remaining Cr2O7
2– reacted with the iodide to produce iodine:

 Cr2O7
2−   +  14H+  +  6I–    2Cr3+  +  7H2O  +  3I2   (Eqn 2)

The iodine produced was titrated with standard 0.100 mol L–1 sodium thiosulfate solution. The 
average titre volume was 11.45 mL.

 I2  +  2S2O3
2–    2I–  +  S4O6

2−      (Eqn 3)

The indicator used in this titration was a 1% solution of starch.

Solution

1. Calculate the total amount in moles of dichromate added to the wine.

 n (Cr2O7
2−)total = 0.0100 L × 0.0500 mol L−1 = 5.00 × 10−4 mol

2. Using the titration data, calculate the amount of sodium thiosulfate used in the titration.

 Volume of S2O3
2− used in titration = 0.01145 L, c (S2O3

2−) = 0.100 mol L−1

 n (S2O3
2−) = 0.100 mol L−1 × 0.01145 L = 1.15 × 10−3 mol

3.  Using the mole ratio from equations (2) and (3), determine the amount of dichromate 
remaining in the flask after reaction with the ethanol in the wine.

 n (Cr2O7
2−)remaining = 1/6 × n (S2O3

2−) = 1.92 × 10−4 mol

4.  By comparison with the original amount of dichromate added to the flask, calculate the 
amount of dichromate that has reacted with the ethanol in the wine.

 n (Cr2O7
2−)reacted with ethanol = n (Cr2O7

2−)total – n (Cr2O7
2−)remaining

     = 5.00 × 10−4 mol – 1.92 × 10−4 mol

     = 3.08 × 10−4 mol

5.  Using equation (1), calculate the amount of ethanol present in the 2.00 mL sample of diluted 
wine and hence the concentration in mol L–1.

 n (ethanol) in 2.00 mL of diluted sample = 3

2
 × 3.08 × 10−4 mol = 4.62 × 10−4 mol

 c (ethanol) = n(ethanol)

V(ethanol)
 = 4.62 × 10–4 mol

2.0 × 10–3 L
 = 0.231 mol L−1

6. The concentration of ethanol, C2H5OH, in the original sample can be calculated:

 • in units of mol L–1 c (ethanol in original wine) = 10 × 0.231 mol L−1 = 2.31 mol L−1

 • in units of g L–1 concentration in g L–1 = 2.31 mol L−1 × M(C2H5OH) = 106 g L–1

 • as a percentage (m/V) %(m/V) = 10.6% 
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Problems with two unknowns
Sometimes analytical problems have two or even three unknowns and they are solved using simultaneous 
equations.

Example

Two identical 5.00 g samples of an anhydrous mixture containing barium chloride, magnesium 
chloride and barium nitrate are weighed out. The first sample was dissolved in distilled water and 
an excess of dilute sulfuric acid was added. The resulting precipitate was filtered, washed and 
dried. It weighed 3.93 g.

The second sample was made up to 250 mL with distilled water in a volumetric flask. 25.00 mL 
aliquots were titrated with 0.231 mol L–1 silver nitrate solution. The average titre was 21.24 mL.

What was the percentage composition by mass of the mixture?

Solution

Let n(BaCl2) = x mol n(MgCl2) = y mol n(Ba(NO3)2) = z mol

M(BaCl2) = 208.3 g mol–1 M(MgCl2)  = 94.3 g mol–1 M(Ba(NO3)2 = 261.3 g mol–1

Therefore: 208.3x + 94.3y + 261.3z  = 5.00  Eqn 1

Precipitation of BaSO4 means n(Ba2+)  = 
m(BaSO4)

M(BaSO4)
 = 

3.93 g

233.3 g mol–1
 = 0.0168 mol

Since two of the original solids had Ba2+, then x + z = 0.01683 mol Eqn 2

Titration with AgNO3 results in precipitation of AgCl. Considering the formulae  
of BaCl2 and MgCl2, then 2x + 2y = n(AgCl precipitated).

n(AgCl) = 0.02124 L × 0.231 mol L–1  = 0.00491 mol in 25 mL  
or 0.0491 mol in 250 mL

 2x + 2y = 0.0491 mol or x + y  = 
0.0491

2
 = 0.02455 mol Eqn 3

Combining the three eqns to solve for x, y and z:

 From Eqn 2 z = 0.0168 – x

 From Eqn 3 y = 0.02455 – x

Substituting in Eqn 1 gives 147.3x = 1.713, and hence x = 0.0116 mol

y = 0.01295 mol and z = 0.00523 mol

m(BaCl)2 = 2.416 g = 48.3%, m(MgCl2) = 1.221 g = 24.4%, m(Ba(NO3)2) = 1.367 g = 27.3%
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Questions: Quantitative analysis

Question One
The soil in New Zealand is low in iodine, and hence food grown in New Zealand will have low levels of 
iodine. A diet deficient in iodine can lead to health issues such as goitre, and impaired physical and mental 
development. To increase iodine in the diet, it can be added to salt using potassium iodate, KIO3.

The Australia New Zealand Food Standards Code requires iodised salt to contain ‘equivalent to no less than 
25 mg/kg of iodine; and no more than 65 mg/kg of iodine’. 

The amount of iodine present in a sample of iodised salt can be determined by titration against a standard 
solution of sodium thiosulfate, Na2S2O3. The iodate is converted to iodine and the resulting solution is used 
in the titration. Iodine is sparingly soluble in water but, in the presence of iodide ions forms the soluble  
tri-iodide ion.

 I2(s) + I–(aq)  I3
–(aq)

Method for analysis of iodate ions in salt 

A 50.00 g sample of iodised salt is added to a 250.0 mL volumetric flask and is made up to the mark with 
distilled water. The mixture is shaken until the salt has completely dissolved. 

A 50.00 mL sample of the iodised salt solution is placed in a conical flask, and mixed with 5 mL of 1 mol L–1 
HCl solution, and 5 mL of 0.6 mol L–1 KI solution. The solution changes to a brown colour indicating the 
formation of I2.

 IO3
– + 5I– + 6H+ → 3I2 + 3H2O

A fresh solution of sodium thiosulfate, Na2S2O3(aq), is prepared by placing 2.456 g of solid Na2S2O3∙5H2O 
into a 100.0 mL volumetric  ask and making it up to the mark with distilled water. This solution is then 
diluted by taking a 5.000 mL sample and diluting it to 250.0 mL in a volumetric flask.

The solution in the conical flask is titrated against the sodium thiosulfate solution using starch solution as an 
indicator. The reaction for the titration is:

 I2 + 2S2O3
2– → 2I– + S4O6

2–

Calculate the lower limit for the titre values (burette readings) for the given sodium thiosulfate solution 
when the procedure described above is used to determine whether a sample of iodised salt meets the 
standards quoted.

 M(Na2S2O3∙5H2O) = 248.2 g mol–1   M(KIO3) = 214.0 g mol–1   M(I) = 126.9 g mol–1 

 Year 2018 
Ans. p. 117

4	 Achievement	Standard	91387	(Chemistry	3.1)

C
h

ap
ter 1

 ISBN 978-1-988586-41-0 © Copying or scanning from ESA books is subject to the provisions of the Copyright Act 1994.

ScholChemAME 2020.indd   4ScholChemAME 2020.indd   4 7/05/20   12:21 PM7/05/20   12:21 PM



Question Two

The box alongside 
is an extract from 
the NZ Winegrowers 
Labelling Guide.

Alcohol by volume
A wine label must include an alcohol declaration (Standard 2.7.1). The acceptable 
form for the declaration is ‘mL / 100 g’ or ‘mL / 100 mL’ or ‘x’% alcohol by volume, or 
words or expression of the same or similar meaning: e.g. ‘% vol’ will suffice. Tolerances 
of the declared alcohol content from the actual alcohol content are:

• wine and sparkling wine ± 1.5%

A bottle of wine to be analysed is labelled as ‘13.5% vol’. The following analytical procedure was carried 
out to check the accuracy of this labelling.

A 1.000 mL sample of freshly opened wine was pipetted into a round bottom flask. To this was added 
100.0 mL of potassium dichromate solution, K2Cr2O7(aq), and 25.00 mL of 2 mol L–1 sulfuric acid solution, 
H2SO4(aq). This wine-dichromate mixture was refluxed for an hour, then left to cool to room temperature.

A standard solution of iron(II) was prepared by placing 10.30 g of iron(II) ammonium sulfate, 
Fe(NH4)2(SO4)2∙6H2O, into a 250.0 mL volumetric flask along with 50 mL of 2 mol L–1 H2SO4 and sufficient 
water to make 250.0 mL of solution. To standardise the potassium dichromate solution, 25.00 mL samples 
of the standard iron(II) solution were acidified and titrated against the potassium dichromate solution using 
sodium diphenylamine-4-sulfonate indicator. An average volume of 17.43 mL was required to reach the 
end-point, as indicated by the appearance of a red colour.

To analyse the wine sample, the wine-dichromate mixture was also titrated against acidified samples of the 
standard iron(II) solution. Using 10.00 mL samples of the standard solution required, on average, 19.88 mL 
of the wine-dichromate reaction mixture to reach the endpoint.

Determine whether the bottle of wine meets the required labelling guide rules as described in the box above.

M(Fe(NH4)2(SO4)2.6H2O) = 392.2 g mol–1 M(CH3CH2OH) = 46.07 g mol–1

d(CH3CH2OH) = 0.7893 g mL–1   d = m
v

6Fe2+ + Cr2O7
2– + 14H+ $ 2Cr3+ + 6Fe3+ + 7H2O

2Cr2O7
2– + 3CH3CH2OH + 16H+ $ 3CH3COOH + 4Cr3+ + 11H2O

 Year 2017 
Ans. p. 117
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Question Three
Iron ore, Fe2O3, in a rock sample can be analysed by titration with acidified potassium dichromate solution, 
K2Cr2O7/H

+.

 A 2.8351 g sample of haematite rock containing Fe2O3 was dissolved in hot concentrated hydrochloric acid, 
HCl, and the solution diluted to 250.0 mL in a volumetric flask.

 20.00 mL samples were pipetted into conical flasks, and a small excess of tin(II) chloride solution was 
added to change the colour from yellow to pale green. A saturated solution of mercury(II) chloride was 
then added until a small amount of white precipitate appeared. A few drops of diphenylamine sulfonate 
indicator were added. The resulting mixture was titrated with a standard solution of potassium dichromate. 
The average titre value recorded was 18.56 mL.

 The standard solution of potassium dichromate was made by dissolving 2.5077 g of K2Cr2O7 in sufficient 
water to give 500.0 mL of solution.

a. Calculate the % composition of Fe2O3 in the haematite sample.

b.  Explain why it is not appropriate to carry out this titration using potassium permanganate, KMnO4, 
instead of potassium dichromate, as the oxidant.

 Year 2016 
Ans. p. 117

6	 Achievement	Standard	91387	(Chemistry	3.1)

C
h

ap
ter 1

 ISBN 978-1-988586-41-0 © Copying or scanning from ESA books is subject to the provisions of the Copyright Act 1994.

ScholChemAME 2020.indd   6ScholChemAME 2020.indd   6 7/05/20   12:21 PM7/05/20   12:21 PM



Question Four
Hydrogen peroxide solution, H2O2(aq), can be purchased from the supermarket with a concentration given 
as ‘20 vol or 6%’. This represents 6 g of H2O2(ℓ) in 100 mL of solution.  

To determine the percentage decomposition of hydrogen peroxide in a bottle purchased from the 
supermarket, the following procedure was carried out. 

A standard solution of sodium oxalate, Na2C2O4(aq), was prepared by dissolving 1.756 g of anhydrous 
Na2C2O4 in sufficient distilled water to make 250.0 mL of solution. 

A solution of potassium permanganate, KMnO4(aq), was prepared so that it was approximately 
0.04 mol L–1. To accurately determine the concentration of the solution, a 25.00 mL sample of the oxalate 
solution was pipetted into a conical flask and mixed with 20 mL of 2 mol L–1 sulfuric acid, H2SO4(aq). The 
mixture was heated to 60–70 °C and titrated against the KMnO4 solution until a faint pink colour appeared 
and was maintained for longer than 20 seconds. After repeats, the average titre value was 17.85 mL. 

From the supermarket bottle, a 10.00 mL sample was extracted and diluted with distilled water to 
100.0 mL in a volumetric flask. 10.00 mL samples of the diluted solution were mixed, in a conical flask, with 
20 mL of 2 mol L–1 H2SO4, and titrated against the KMnO4 solution. The average titre value recorded was 
13.43 mL. 

The balanced equations for the two reactions in the procedure are: 

 5C2O4
2– + 2MnO4

– + 16H+ → 10CO2 + 2Mn2+ + 8H2O 

 5H2O2 + 2MnO4
– + 6H+ → 5O2 + 2Mn2+ + 8H2O 

a. Determine the mass of hydrogen peroxide per 100 mL in the bottle and use this to evaluate the extent 
of decomposition that has occurred since manufacture. 

  M(Na2C2O4) = 134.0 g mol–1   M(H2O2) = 34.01 g mol–1 

 

 Year 2019 
Ans. p. 117
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b. Give reasons for the following steps in the titration procedure, including justification of how they 
improve the accuracy of the analysis: 

 •  standardisation of the KMnO4 solution 

 •  addition of H2SO4 solution to the reaction mixture 

 •  heating the Na2C2O4 solution prior to titration with the KMnO4 solution.

Question Five
A solution is made by adding 42.69 g of a mixture of the aldehydes methanal, HCHO, and ethanal, 
CH3CHO, to 76.59 g of water. Addition of excess ammoniacal silver nitrate solution to 2.18 g of the mixed 
aldehyde solution results in the precipitation of 4.64 g of silver metal. Determine, by carrying out the 
appropriate calculation, the mass, in g, of each of the aldehydes, methanal, and ethanal, in the mixture.

 M(Ag) = 107.9 g mol–1  M(HCHO) = 30.03 g mol–1  M(CH3CHO) = 44.05 g mol–1

 

 Year 2015 
Ans. p. 118
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The spectroscopic techniques included in the internally assessed Achievement Standard 91388 
(Chemistry 3.2) ‘Demonstrate understanding of spectroscopic data in chemistry’ are:

• IR spectroscopy
• 13C NMR spectroscopy
• mass spectrometry.

IR spectroscopy involves interaction between a molecule and energy in the infrared region of the 
electromagnetic spectrum (4 000 cm–1 to 400 cm–1) due to vibrations of their covalent bonds. The simplest 
types of vibration are bending and stretching vibrations, but the energy at which a bond absorbs radiation 
depends on a number of factors – such as the mass of the bonded atoms; whether the bond is a single, 
double or triple bond; the type of vibration (bend or stretch). Characteristic ranges for infrared absorption 
of different functional groups are given in the table following.

Characteristic bands in infrared spectra

Functional 
group

Organic molecule in which functional 
group is found

Type of vibration
Characteristic 

wavenumber/cm–1

C–H alkanes, alkenes stretch 2 850–3 100

C=C alkenes stretch 1 630–1 690

O–H alcohols stretch (H-bonded) 3 200–3 600

C–O alcohols, esters stretch 1 000–1 300

C=O aldehydes, ketones, carboxylic acids, esters stretch 1 670–1 780

C=O acid chlorides stretch 1 785–1 815

O–H carboxylic acids stretch 2 500–3 300

C=O amides stretch 1 630–1 700

N–H amides, amines bend 1 550–1 640

C–N amines stretch 1 000–1 250

N–H amines, amides stretch 3 300–3 500

C–Cl chloroalkanes stretch 600–800

C–Br bromoalkanes stretch 500–600

When studying an infrared spectrum, it is important to note the bonds that are present as well as those that 
are absent (e.g. the lack of a carbonyl group or the lack of an –OH group).

Carbon-13 NMR depends on nuclear spin. In the absence of a magnetic field, the spinning nuclei are 
randomly oriented, but when a magnetic field is applied the nuclei line up so that they either have their 
spin aligned parallel with the applied field (lower energy state) or with the spin opposed (higher energy 
state). Electromagnetic radiation in the radio-wave region of the electromagnetic spectrum can provide 
the energy needed to ‘flip’ the alignment of the nuclei – hence the term nuclear magnetic resonance. The 
actual energy at which the carbon-13 nucleus flips depends on the atoms to which the carbon is attached. 
Bonded electrons shield the nucleus and thus there is an increase in the energy required to bring about
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resonance; however, the more electronegative 
the atom to which the carbon is attached, the less 
shielding there is. For example, the C of a carbonyl, 
C=O, group has little shielding and is on the 
downfield (left side) of the spectrum, while the C 
of a methyl, CH3, group is more strongly shielded 
and is on the upfield (right) side of the spectrum. 
The difference between the position of absorbance 
of the nuclei compared with that of a reference 
(usually tetramethylsilane, Si(CH3)4, referred to 
as TMS) is referred to as the chemical shift, δ, 
and is given in units of ppm. The shift of TMS is 
0 ppm. Characteristic values for different carbon 
environments follow.

Characteristic shifts in 13C NMR spectra

Carbon environment Chemical shift (ppm)

C=O (in ketones) 205–220

C=O (in aldehydes) 190–200

C=O (in acids and esters) 170–185

C=C (in alkenes) 115–140

RCO2CH2R
’ (esters) 60–80

RCH2OH 50–65

RCH2Cl 40–45

RCH2Br 30–40

RCH2NH2 37–45

R3CH 25–35

CH3CO– 20–30

R2CH2 16–25

RCH3 10–15

Mass spectrometry involves the ionisation of gas-phase particles to produce species carrying a positive 
charge – e.g. M+, the molecular ion. The mass of the molecular ion will give the molar mass of the 
molecule. The M+ ion can also be broken into fragments – those carrying a positive charge will be deflected 
by a magnetic field, while uncharged radical fragments will not. Following acceleration and deflection by 
a magnetic field, the relative abundance of the different ions is detected and a mass spectrum produced. 
This spectrum shows abundance plotted against the mass to charge (i.e. m/z) ratio. The more stable the 
ion, the more likely it is to form and appear in the spectrum – e.g. tertiary carbocations will have a higher 
abundance than primary carbocations. The peak with the highest abundance is referred to as the base peak.

In considering a mass spectrum, it is important to look at both the positions of peaks and also the 
differences between the m/z values of the major peaks. These differences show the mass of fragments 
broken off. The presence of either chlorine or bromine can be identified by the presence of both M+ and 
(M + 2)+ peaks due to the presence of isotopes – in the case of chlorine, 35Cl and 37Cl are present in a 3:1 
ratio; whereas for bromine, 79Br and 81Br are present in a 1:1 ratio. Some common mass fragments follow.

Fragments in mass spectra

Relative mass Molecular ion, M+

15 CH3
+

17 OH+

28 CO+

29 CH3CH2
+ or CHO+

31 CH3O
+ or CH2OH+

43 C3H7
+

45 COOH+
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Chapter 1: Quantitative analysis AS 91387 
(Chemistry 3.1)

Ch 1 Quantitative analysis

Question One
n(S2O3

2–) = n(Na2S2O3
.5H2O) = 

2.456 g

248.2 g mol–1
 

  = 9.895 × 10–3 mol in 100 mL

[S2O3
2–] = 

9.985 × 10–3 mol

0.1000 L
 = 9.895 × 10–2 mol L–1

Diluted solution [S2O3
2–] = 9.895 × 10–2 mol L–1 × 

5.000 mL

250.0 mL
    = 1.979 × 10–3 mol L–1

Assume the term ‘iodine’ in the food standard statement refers 
to I rather than I2, as the latter is also referred to as simply 
‘iodine’ in the question.

The minimum standard is 25 × 10–3 g of I in 1 000 g of salt –  
this is 1.25 × 10–3 g of I per 50.0 g salt dissolved in 250.0 mL.

n(I) = 
1.25 × 10–3 g

1.269 g mol–1
 = 9.85 × 10–6 mol in 250.0 mL

In 50.0 mL sample, there would be 1.970 × 10–6 mol I = n(IO3
–)

n(I2) formed by reaction between IO3
– and I– = 3 × n(IO3

–)  
= 5.910 × 10–6 mol

In titration, n(S2O3
2–) = 2 × n(I2) = 1.182 × 10–5 mol

Since [S2O3
2–] = 1.979 × 10–3 mol L–1, then titre volume 

  = 
1.182 × 10–5 mol

1.979 × 10–3 mol L–1
 = 5.973 × 10–3 L = 5.973 mL

This is the minimum titre volume for the salt sample to contain 
more than 25mg/kg of iodine.

Question Two
Conc. standard iron(II) ammonium sulfate soln =

10.30 g
392.2 g mol–1 × 0.250 L

 = 0.1050 mol L–1 = [Fe2+]

Reaction of Fe2+ with Cr2O7
2– according to eqn 1

n(Fe2+) = 0.1050 mol L–1 × 0.0250 L = 2.626 × 10–3 mol 
= 6 × n(Cr2O7

2–)

n(Cr2O7
2–) = 4.377 × 10–4 mol and [Cr2O7

2–] = 4.377 × 10‒4 mol
0.01743 L

 = 0.02511 mol L–1

Ethanol in wine was oxidised by dichromate and excess 
dichromate was determined by back-titration with Fe2+.

n(Fe2+)added to wine/dichromate mixture  = 0.0100 L × 0.1050 mol L–1 
= 1.050 × 10–3 mol

n(Cr2O7
2–)remaining in 19.88 mL of mixture  = n(Fe2+)

6
 = 1.750 × 10–4 mol

n(Cr2O7
2–)in 126 mL mixture = 1.750 × 10–4 mol

0.01988 L
 × 0.126 L

 = 1.109 × 10–3 mol

p. 4

p. 5

But, n(Cr2O7
2–)total originally in mixture  = 0.02511 mol L–1 × 0.100 L 

= 2.511 × 10–3 mol

n(Cr2O7
2–)reacted with ethanol  = 2.511 × 10–3 mol – 1.109 × 10–3 mol 

= 1.402 × 10–3 mol

n(CH3CH2OH) = 3
2
 × n(Cr2O7

2–)reacted with ethanol  = 3
2
 × 1.402 × 10–3 mol

 = 2.103 × 10–3 mol

This was in 1.00 mL; so, in in 100.0 mL:

n(CH3CH2OH) = 0.2103 mol

m(CH3CH2OH) = 0.2103 mol × 46.07 g mol–1 = 9.689 g

V(CH3CH2OH) = 9.689 g
0.7893 g mL–1 = 12.27 mL or 12.27% vol

Label states 13.5%. Accepted limits ± 1.5%; so, this is within the 
limits.

Question Three
a. Titration of Fe2+ and Cr2O7

2–:

 6Fe2+ + Cr2O7
2– + 14H+  6Fe3+ + 2Cr3+ + 7H2O

 M(K2Cr2O7) = 294.2 g mol–1, c(Cr2O7
2–) = 

2.5077 g

294.2 g mol–1

0.500 L
 = 0.017048 mol L–1

  From titration, n(Cr2O7
2–) = 0.01856 L × 0.017048 mol L–1 

= 3.1641 × 10–4 mol

  n(Fe2+) = 6 × n(Cr2O7
2–) = 0.001898 mol in 20.00 mL

  In 250 mL, n(Fe2+) = 0.023731 mol = n(Fe3+) in original sample

 n(Fe2O3) = 0.5 × n(Fe2+) = 0.011865 mol

  m(Fe2O3) = 0.011865 mol × 159.8 g mol–1 = 1.895 g and

 %Fe2O3 = 
1.895 g × 100

2.8351 g
 

= 66.88%

b.  The electrode potentials show that MnO4
– will oxidise Cl– to 

Cl2 (a hazardous gas), since the cell potential for this reaction 
is positive (E°cell = 1.51 – 1.40 = 0.11 V). It should be noted 
that this assumes standard conditions – but cell potential is 
concentration dependent, and no concentrations are being 
considered here.

  In contrast, the reaction would not occur between Cl– and 
Cr2O7

2– under standard conditions.

Question Four
a.  The concentration of MnO4

– is determined by titration with 
the standard solution of Na2C2O4.

 n(Na2C2O4) = 1.756 g
134.0 g mol–1  = 0.01310 mol

 c(Na2C2O4) = 0.01310 mol
0.2500 L

 = 0.05242 mol L–1

 From first titration: 

 n(C2O4
2–) = 0.05242 mol L–1 × 0.02500 L = 1.3105 × 10–3 mol

 n(MnO4
–) = 0.4 × n(C2O4

2–) = 5.242 × 10–4 mol

 c(MnO4
–) = 5.242 × 10–4 mol

0.01785 L
 = 0.02937 mol L–1

p. 6

p. 7
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 From second titration:

 n(MnO4
–) = 0.02937 mol L–1 × 0.01343 L = 3.944 × 10–4 mol

 n(H2O2) = 2.5 × n(MnO4
–) = 9.860 × 10–4 mol

 c(H2O2) in the diluted solution 

  = 9.860 × 10–4 mol
0.01000 L

 = 0.09860 mol L–1

 c(H2O2) in the original solution 

  = 10 × 0.09860 mol L–1 = 0.9860 mol L–1

 mass H2O2 per 100 mL 

  = 0.9860 mol L–1 × 0.1 × 34.01 g mol–1 = 3.353 g

  Original had 6.00 g H2O2 per 100 mL, which means  
(6.000 – 3.352) = 2.649 g has dissociated. 

 This is 2.648
6.00

 × 100 = 44.15%.

b.  KMnO4 is not a primary standard. Therefore, the 
concentration of the solution to an appropriate number 
of significant figures must be determined by titration 
with a substance that is a primary standard. In this case, 
the approximate concentration is 33% different from the 
concentration determined by titration.

  H2SO4 is added because it is a reactant in the balanced 
equation for the reaction. 

  The Na2C2O4 solution was heated prior to titration, as this 
increases the rate of reaction with the MnO4

– so that the 
endpoint can be accurately determined. 

Question Five
Let m(HCHO) = x and m(CH3CHO) = y;

thus x + y = 42.69 g  Eqn 1

Total mass of solution = 42.69 g + 76.59 g = 119.28 g

Eqn for reaction of aldehyde RCHO with Ag+ is:

 H2O + RCHO + 2Ag+ $ 2Ag + RCOOH + 2H+

n(Ag) = 
4.64 g

107.9 g mol–1
 = 0.0430 mol

From mole ratio in balanced eqn:

n(RCHO) = 
0.0430 mol

2
 = 0.0215 mol in the 2.18 g sample

Thus, the amount in the original 119.28 g of solution is:

0.0215 mol × 
119.28

2.18
 = 1.176 mol

Thus: 
x

30.03
 + 

y

44.05
 = 1.176 mol

 And 44.05x + 30.03y  = 1.176 × 30.03 × 44.05 

  = 1 555.6 Eqn 2

 Eqn 1 × 44.05 gives 44.05x + 44.05y  = 44.05 × 42.69 

  = 1 880.5 Eqn 3

Solving using eqns 2 and 3 gives:

y = m(CH3CHO) = 23.17 g, and x = m(HCHO) = 19.52 g

Chapter 2: Spectroscopic techniques 
AS 91388 (Chemistry 3.2)
Ch 2 Using spectra to solve organic 
problems

Question One
Compounds Q and R both have broad absorption peaks at about 
3200–3500 cm–1 in their IR spectra – showing the presence of 
an OH group in both compounds. Compound Q also has a 
sharp peak at about 1700 cm–1 – showing the presence of a C=O 
group. The C-13 NMR shows 4 peaks and therefore 4 carbon 
environments. This means Compound Q is 4-hydroxybutanal.

p. 8

p. 11

Compound R only has 2 carbon environments and no C=O group 
so is 1,4-butanediol – being a symmetrical molecule it has 4 C 
atoms but only 2 carbon environments.

Compound S also has 4 carbon environments and in the IR the 
sharp peak at about 1750 cm–1 shows the presence of a C=O 
bond. The peak at 180 ppm in C-13 NMR also shows presence of 
C=O bond. Compound S is 4-butyrolactone.

Question Two
Compound A has ratio C:(H + Cl) = 10:18, showing there are 
2 double bond equivalents (double bonds or rings). Compound A 
does not decolourise Br2, so no C=C double bonds.

Total molar mass of C10H17O2Cl = 204 g mol–1 (assuming 35Cl).

Hydrolysis splits Compound A into 2 molecules.

Molecular ion peaks indicate Compound B molar mass 
M = 114 g mol–1, and Compound C M = 108 g mol–1. These 
hydrolysis products show original molecule was an ester. Products 
of hydrolysis are carboxylic acid and alcohol.

IR spectrum of Compound B shows it is a carboxylic acid – broad 
peak at 2500–3300 cm–1 due to O-H stretch, while the peak at 
about 1700 cm–1 shows presence of a carbonyl C=O group.

The only molecular formula that matches this information 
(114 – 32 for 2 oxygen atoms = 82) is C6H10O2, indicating 
2 double bond equivalents, a ring and the double bond C=O 
of a carboxylic acid group. In the 13C NMR, the peak at about 
183 ppm is the carboxylic acid carbon, leaving only 3 other 
carbon environments.

Compound B has a 5-membered ring and the structure is:

COH

O

Mass spec of Compound C (an alcohol) has peaks M and M+2 
in ratio 3:1, indicating presence of a Cl atom. The molar mass 
of 108 g mol–1 and presence of Cl and OH indicate formula is 
C4H9OCl (i.e. 108 –35 = 73 and 73 – 16 = 57). The molecule is 
saturated, and 13C NMR shows 4 different carbon environments. 
Reaction of Compound C with SOCl2 (substitution reaction of OH 
with Cl) gave Compound D with only 3 carbon environments, 
showing the presence of two CH2Cl groups. Structures follow.

Compound C:

ClCH2CHCH2OH

CH3

Compound D:

ClCH2CHCH2Cl

CH3

Compound A is:

COCH2CHCH2Cl

O CH3

Note the presence of a single chiral carbon.

Question Three
Compound B is 2-methylpropanoic acid – evidence being the 
OH and C=O peaks in the IR spectrum, only 3 peaks in the 13C 
spectrum – including one at 185 ppm, consistent with C=O, while 
that at 20 ppm will be the C of the two CH3 groups.

Only 3 carbon environments indicates branching in carbon 
chain. Peak at m/z = 43 in mass spec suports the (CH3)2CH+ 
fragment.

Compound C is propan-2-ol – evidence being the OH group in IR 
spectrum, only 2 carbon environments in 13C NMR and the fact 
that the molar mass is 60 g mol–1.

p. 13

p. 15
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