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AChievement stAndArd 91911 
(Chemistry 2.2)

Carry out an investigation into 
chemical species present in a sample 
using qualitative analysis

Internally assessed, 3 credits

Covered in Chapters 6–8 following
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Qualitative analysis

CHAPTER

6
Assessment criteria

Achievement Merit Excellence

Carry out an investigation 
into chemical species 
present in a sample using 
qualitative analysis.

Carry out an in-depth 
investigation into chemical 
species present in a sample 
using qualitative analysis.

Carry out a comprehensive 
investigation into chemical 
species present in a sample 
using qualitative analysis.

Notes
(1)  Carry out an investigation into chemical species present in a sample using qualitative 

analysis involves:

	 •	 collecting	primary	data	using	an	identification	procedure
 • identifying chemical species present by matching primary data to the procedure
 • linking the chemical species to the compound present in the sample
	 •	 	describing	the	significance	of	an	identified	chemical	species	for	people	and/or	the	

environment.

  Carry out an in-depth investigation into chemical species present in a sample using 
qualitative analysis involves:

	 •	 	explaining	the	identification	of	chemical	species	present	by	linking	the	primary	
data to the procedure

 •  writing relevant equations to explain all the changes occurring during the 
identification	procedure

	 •	 	explaining	the	significance	of	an	identified	chemical	species	for	people	and/or	the	
environment.

  Carry out a comprehensive investigation into chemical species present in a sample 
using qualitative analysis involves:

	 •	 	justifying	the	identification	of	chemical	species	present	by	linking	secondary	data	
and chemical principles to the reactions occurring during the analysis

	 •	 	discussing	the	significance	of	an	identified	chemical	species	for	people	and/or	the	
environment.

(2) An identification procedure may include:

 • identifying ions based on solubility rules and the formation of complex ions
 • identifying organic compounds based on functional group reactions.

(3) Secondary data may include:

 • solubility rules and formulae of complex ions
 • a functional group reaction map
	 •	 relevant	scientific	literature.
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CHAPTER

6
NCEA Level 2 Chemistry material covered in this chapter helps students to meet the 
requirements for Achievement Standard 91911 (Chemistry 2.2) ‘Carry out an investigation 
into chemical species present in a sample using qualitative analysis’ through examining 
the following:
•	 collecting	primary	data	using	an	identification	procedure
•	 	linking	the	identification	of	the	chemical	species	to	the	data	collected	and	to	data	

supplied about the procedure
• writing relevant equations to explain the changes observed
•	 writing	about	the	significance	of	the	chemical	species.

Introduction
Achievement Standard 91911 (Chemistry 2.2) involves an investigation in which you will 
determine the identity of the chemical species present in a given sample, by carrying 
out a practical chemical procedure. The sample may be an aqueous solution of a salt (in 
which case you will determine the cation and the anion present), or it may be a liquid or 
solid containing an organic molecule (in which case you will determine the functional 
group present in the molecule).

Collecting primary data using an identification 
procedure
The	identification	procedure	will	normally	take	the	form	of	a	flow	chart	–	a	flow	chart	
allows you to separate chemical species from each other based on their chemical or 
physical properties.

Example: A mystery white powder (1)

A white powder from a pantry could be one of:
  salt, baking soda, sugar (sucrose),  

cornflour,	glucose,	tartaric	acid.
The	flow	chart	sets	out	steps	for	the	investigation	
of a white powder from a pantry. 
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The observation at each step of the procedure should be recorded.

Salt, baking soda, 
sugar, glucose, 

tartaric acid 

Salt, baking soda, 
sugar, glucose

Salt, sugar, glucose

Salt, sugar

Does not dissolve 

Turns blue

Turns red

Fizzes

Turns brick-red

Melts

No change

No change

No change

No	fizz

Dissolves

Salt,	baking	soda,	sugar,	glucose,	cornflour,	tartaric	acid	

 Test with water1

Cornflour

Cornflour

Tartaric acid

Baking soda

Glucose

SugarSalt

 Add iodine solution2

 Test with blue litmus paper3

 Test with vinegar4

 Test with Benedict’s solution and heat5

 Heat small sample of solid6

Adding water separates 
out	the	cornflour	–	as	it	is	
the only compound that 
is insoluble. 

Cornflour	can	be	
confirmed	as	present	
as it will turn iodine 
solution blue. 

If there is no 
cornflour	present	
then adding a drop 
of the solution 
(made by adding 
the white powder to 
water) to blue litmus 
paper will separate 
out tartaric acid.

If there is no tartaric acid present, adding vinegar 
to some of the solution will separate out the baking 
soda	–	baking	soda	is	the	only	one	that	fizzes.	

If there is no baking soda present, 
a small amount of the solution can 
be added to Benedict’s solution 
and heated – a brick-red solid 
forms when glucose is present.

If no glucose is present, then the solid will be 
either sugar or salt – if a small sample of the white 
powder is heated then it would be expected that 
the sugar will melt while the salt does not. 

Linking identification of chemical species to data 
collected and to data supplied about the procedure
Data	supplied	about	the	identification	procedure	will	relate	to	information	known	about	
the	species	that	could	be	present	–	together,	this	will	be	used	to	construct	the	flow	chart.

Example: A mystery white powder (2)

Each step in the procedure is based on recognising unique chemical and physical 
properties of the possible white powders.
Cornflour	is	the	only	insoluble	powder.
Tartaric acid is the only powder that will make an acidic solution, and acid solutions 
will turn blue litmus red.
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Baking soda produces bubbles with vinegar because baking soda is the chemical 
sodium bicarbonate (sodium hydrogencarbonate) which reacts with an acid (vinegar is 
an acid) to produce carbon dioxide gas.
Glucose and sucrose are both sugars, but only glucose reacts with Benedict’s solution 
to change it from blue to a red solid. Glucose is called a reducing sugar; the molecule 
is able to reduce the oxidation state of copper from +2 (in the blue solution) to +1 (in 
the brick-red solid).
Salt and sugar look similar and cannot be separated from each other using any of 
the above tests. However, salt has a much higher melting point than sugar so doesn’t 
change when heated, while sugar melts (salt is an ionic solid, and sugar is molecular).

Writing relevant equations to explain the changes observed
Provided the formulae and reaction are relatively straightforward, each chemical reaction 
should be represented by a balanced chemical equation.

Example: A mystery white powder (3)

The reaction between baking soda and vinegar is the reaction between sodium 
hydrogencarbonate and ethanoic acid:
 NaHCO3(aq) + CH3COOH(aq) → CO2(g) + H2O(l) + CH3COONa(aq)
This reaction can also be represented with an ionic equation (see Chapter 3, page 28):
 HCO3

–(aq) + H+(aq) → CO2(g) + H2O(l)

Physical changes can also be represented using an equation.

Example: A mystery white powder (4)

Sucrose has the chemical formula C12H22O11. When sucrose is melted, the change of 
state can be represented as:
 C12H22O11(s) → C12H22O11(l)

When organic molecules are involved, balanced equations are not always required for a 
reaction.	However,	functional	groups	in	the	reactants	and	products	need	to	be	identified	
with reagents given on the arrow in the equation.

Example: A mystery white powder (5)

For the reaction of glucose with Benedict’s solution, the aldehyde group on the 
glucose molecule is oxidised to an acid. This can be represented as:

R — C — H

Benedict’s 
solution

O O

R — C — OH
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Writing about the significance of the chemical species
Reference material will be available to allow an explanation to be written about the 
significance	of	the	chemical	species	identified	to	people	or	to	the	environment.	This	
means	that	when	two	ions	(cation	and	anion),	are	identified	in	an	ionic	solution,	only	one	
of the ions needs to be written about. The references used should be provided to show the 
source of the information used.

Example: Impact of sugar on people or the environment

Discussing the impact of sugar on people or the environment could involve:
•  consideration of the impact on dental health of consuming too many sugary drinks
•  links between sugar consumption and developing diabetes or obesity
•  the impact on the environment of growing and processing sugar cane to produce 

sugar.

Example: The impact of growing sugar on the environment

Sugar is grown mostly as sugar cane, but can also be produced from sugar beets. 
Sugar cane thrives in hot sunny climates, so is mostly grown commercially in tropical 
regions.	Like	many	agricultural	crops,	growing	sugar	will	have	a	significant	impact	on	
the surrounding water, soil and air. Particular issues with sugar production relate to 
the destruction of habitats, use and pollution of local water supplies, intensive use of 
chemicals both for growing and processing the crops, and preharvest burning.
When land is cleared for sugar-cane plantations, the local habitat is either destroyed 
or ecosystems threatened, reducing the local biodiversity. Extensive cultivation of 
sugar over many years can also reduce soil fertility unless steps are taken to restore 
this. There is evidence of reduced fertility of the soil after 30 years of heavy sugar 
cultivation.
Large amounts of water are needed both to grow sugar cane and to process the sugar 
extracted. Water for irrigation can reduce the water levels of surrounding rivers. Waste 
water from growing sugar beet can be heavily polluted with agricultural chemicals, 
including fertilisers and pesticides, which can lead to issues for local ecosystems. For 
example, fertilisers and pesticides from sugar plantations in areas surrounding the 
Great Barrier Reef are causing loss of coral on the reef. By-products from processing 
the	cane	can	also	pollute	local	waterways.	For	example,	millions	of	fish	were	killed	in	
1995 in Bolivia from the discharge during the cleaning of the sugar mills.
Cane	fields	are	often	burnt	before	harvesting	as	this	makes	it	easier	to	cut	the	crop	and	
helps with pest control. However, this leads to air pollution and also to a decrease in 
soil quality.

 References

Sugar and the Environment accessed from  
http://wwf.panda.org/?22255/Sugar-and-the-Environment-Encouraging-Better-
Management-Practices-in-Sugar-Production-and-Processing
https://www.thoughtco.com/effect-of-sugar-on-the-environment-1204100
https://www.wwf.org.au/what-we-do/food/sugar#gs.13iezn
https://www.huffingtonpost.com.au/2017/02/03/how-your-sugar-and-the-great-barrier-
reef-are-inextricably-conne_a_21602809/
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CHAPTER

7
NCEA Level 2 Chemistry material covered in this chapter helps students to meet the 
requirements for Achievement Standard 91911 (Chemistry 2.2) ‘Carry out an investigation 
into a chemical species present in a sample using qualitative analysis’ through examining 
the following:
• identifying ions based on solubility rules and the formation of complex ions
• writing relevant equations to explain the changes observed.

Introduction
Most biological processes take place 
in aqueous solutions. Many of these 
involve dissolved ions (often known as 
electrolytes) which are important for the 
functioning of cells and organs. Some 
ions important for the functioning of 
the human body are sodium ions, Na+, 
potassium ions, K+, chloride ions, Cl–, 
and hydrogencarbonate ions, HCO3

–. 
Plants obtain the nutrients they need 
from the soil (including ions such as 
phosphate, PO4

3–, nitrate, NO3
–, and 

potassium, K+) dissolved in water.

Ions in aqueous solutions can be separated using their different solubilities, and, where 
necessary,	their	identity	confirmed	by	a	unique	reaction	with	a	specific	chemical.

Soluble ionic compounds
Some ionic compounds are soluble in water. When ionic solids dissolve in water, they 
completely dissociate to form aqueous ions.

In equations representing chemical reactions, the state (or phase) of the reactants and 
products is shown using the following symbols:
 (g) gas, (l) liquid, (s) solid, (aq) dissolved in water
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Example: A solution of sodium chloride

Sodium chloride, a soluble ionic compound, dissolves in water to form a solution 
containing sodium ions, Na+(aq) and chloride ions, Cl–(aq), in a large amount of water 
molecules, H2O(l). The dissolving process is represented by the equation:

 NaCl(s)   H2O    Na+(aq) + Cl–(aq)

water solution of
sodium chloride

sodium chloride

H2O
Na+

Cl–

Sodium chloride solution

Solutions are always clear. They may be colourless (e.g. NaCl(aq)) or coloured (e.g. 
CuSO4(aq)).

Insoluble ionic compounds
Insoluble ionic compounds do not readily form solutions. However, even the most 
insoluble compound will dissolve to some extent if left long enough in water.

Soluble and insoluble compounds are the extremes of a range of solubilities. ‘In-between’ 
compounds may be described as slightly or sparingly soluble.

Precipitation
Insoluble ionic solids can form when two solutions of soluble 
compounds are mixed. Cations from one solution and anions from 
the other solution react to form an insoluble solid or precipitate. 
This process is called precipitation. The image alongside shows the 
precipitation of lead iodide from a source of iodide ions, I–(aq), being 
added to a source of lead(II) ions, Pb2+(aq):

 Pb2+(aq) + 2I–(aq) → PbI2(s)

Example: A precipitate of calcium carbonate

When a calcium chloride solution is mixed with a solution of sodium 
carbonate, calcium ions, Ca2+(aq), combine with carbonate ions, CO3

2–

(aq), to form a precipitate of insoluble calcium carbonate, CaCO3(s).
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solutions 
mixedNa2CO3(aq)

precipitation 
occurs

Na+

Cl–

Ca2+

CO3
2–

CaCO3(s)

CaCl2(aq)

The equation for the reaction is:
 CaCl2(aq) + Na2CO3(aq)   $   CaCO3(s) + 2NaCl(aq)

Ionic equations
Equations for precipitation reactions show only the ions involved in precipitation. 
Spectator ions are not shown. Such equations are called ionic equations.

Example: Ionic equation for precipitation of CaCO3

As	discussed	earlier	(see	pages	71,	72),	aqueous	solutions	of	ionic	solids	contain	
dissociated ions. When solutions of sodium carbonate, Na2CO3(aq), and calcium 
chloride, CaCl2(aq), are mixed, the reactants are better shown as:
 2Na+(aq) + CO3

2–(aq) + Ca2+(aq) + 2Cl–(aq)
Only the combination of calcium ions and carbonate ions will form an insoluble salt, 
and hence CaCO3(s) precipitates out. The equation can be written using the following 
ionic equation:
 Ca2+(aq) + CO3

2–(aq) → CaCO3(s)
The spectator ions, Na+(aq) and Cl–(aq), do not need to be included.

Formal equations are sometimes written when quantitative considerations are involved. 
A formal equation is required when amounts of substances reacting are required. These 
equations must include states.

Example: Formal equation for precipitation of CaCO3

The formal equation for the for precipitation of CaCO3 from calcium chloride and 
sodium carbonate solutions is:
 CaCl2(aq) + Na2CO3(aq) → CaCO3(s) + 2NaCl(aq)
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Solubility rules
Solubility rules describe which compounds are soluble and which are insoluble. The 
solubility rules can be used to predict the formation of precipitates when solutions are mixed.

*
Ion(s) present in 

compound
Solubility Exceptions 

1. sodium, Na+; potassium, 
K+; ammonium, NH4

+

All are soluble 

2. nitrate NO3
– All are soluble

3. chloride Cl– All are soluble except silver chloride and lead chloride

4. sulfate SO4
2– All are soluble except lead sulfate, calcium sulfate and 

barium sulfate

5. carbonate CO3
2– All are 

insoluble
except those of group 1 (sodium 

carbonate, potassium carbonate) 
and ammonium carbonate

6. hydroxide OH– All are 
insoluble

except those of group 1 (sodium 
hydroxide, potassium hydroxide 
and ammonium hydroxxide)

7. iodide I– All are soluble except silver iodide and lead iodide

* 1, 2, 3 etc. in the LHS column of the table are the Rules referred to later in this book.

Formation of precipitates
To decide if a precipitate (ppt) will form when two solutions are mixed, the ions 
involved must be known and the solubility rules applied. By considering the potential 
combinations of ions, the solubility rules can be used to identify whether any of the 
potential combinations of ions are insoluble.

Example:  Will a precipitate form when solutions of iron(II) chloride and sodium 
hydroxide mix?

To predict whether a precipitate will form when iron(II) chloride, FeCl2(aq), and 
sodium hydroxide, NaOH(aq), are mixed, determine the following.
(1) Ions in the solutions
 Fe2+, Cl–, Na+ and OH–

(2) Possible combinations
 Fe(OH)2 and NaCl
(3) Solubility rules
  All hydroxides are insoluble except those of Group 1; so, Fe(OH)2 is insoluble.
  All chlorides except AgCl and PbCl2 are soluble; so, NaCl is not insoluble (i.e. 

NaCl is soluble). 
(4)	 Prediction for precipitation
 Fe(OH)2

(5) Ionic equation
 Fe2+(aq) + 2OH–(aq) → Fe(OH)2(s)
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Activity 1A: Names and formulae (page 8)

1. a. dinitrogen oxide
 b. sulfur dichloride
 c. carbon monoxide
 d.  phosphorus pentafluoride 

e. sulfur hexachloride
f. chlorine dioxide
g. nitrogen dioxide
h. phosphorus trihydride

i. selenium tetrafluoride
j. sulfur trioxide
k. disulfur dichloride
l. dinitrogen tetroxide

2. a. PI3

 b. SeF6

 c. SO2

d. OF2

e. P2O5

f. NO

g. SiCl4
h. P2S3

3. a. H2O dihydrogen oxide
 b. NH3 nitrogen trihydride
 c. CH4 carbon tetrahydride

Activity 1B: Formulae of ionic compounds (page 10)
1. a. zinc carbonate b. potassium phosphate 

c. calcium hydrogencarbonate d. copper(I) oxide 
e. ammonium dichromate f. potassium thiocyanate 
g. sodium hypochlorite h. cobalt nitrate 
i. iron(III) sulfate j. lead hydroxide 
k. chromium(III) chloride l. sodium permanganate

2. a. Mg(OH)2 b. Hg(NO3)2 c. FeO d. PbI2 
e. CuBr2 f. LiHCO3 g. (NH4)2CO3 h. AgNO2 
i. Ba3N2 j. Ca3P2 k. K2SO3 l. Al2(SO4)3 

m. CoBr2 n. Na2CrO4 o. CuCl p. FeF3 
q. KMnO4 r. SnO s. Ag2S t. NH4Cl
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Activity 3B: Mole calculations (page 26)

1. a. M(Al2O3) = 102.0 g mol–1

 b. n = m
M

 = 1.02 g

102 g mol–1
 = 0.0100 mol

 c. n(Al3+) = 2 × n(Al2O3) = 0.0200 mol
 d. n(O2–) = 3 × n(Al2O3) = 0.0300 mol
2. a. M(CaCO3) = M(Ca) + M(C) + 3M(O)
  = 40.1 + 12.0 + 3 × 16.0
  = 100.1 g mol–1

 b. m = n × M = 0.0500 mol × 100.1 g mol–1

  = 5.00 g

 c. n = m
M

 = 10.0 g

100.1 g mol–1
 = 0.10 mol

 d. n = m
M

 = 50.0 g

100.1 g mol–1
 = 0.500 mol

  1 mol = 6.02 × 1023 Ca2+ ions
  0.5 mol = 3.01 × 1023 Ca2+ ions
3.  m = n × M 
 a. m = 5.50 mol × 46.0 g mol–1 = 253 g
 b. m = 0.150 mol × 84.0 g mol–1 = 12.6 g
 c. m = 1.25 mol × 143.5 g mol–1 = 179.4 g
 d. m = 0.600 mol × 180 g mol–1 = 108 g
 e. m = 25.0 mol × 254 g mol–1 = 6 350 g 

4.  n = m
M

   

 a. n = 15.2 g

58.5 g mol–1 = 0.260 mol

 b. n = 25.0 g

99.4 g mol–1
 = 0.252 mol

 c. n = 1.95 g

17.0 g mol–1
 = 0.115 mol

 d. n = 282 g

125.4 g mol–1  = 2.25 mol

Activity 3C: Balancing equations (page 29)

1. a. H2(g) + Cl2(g)   $   2HCl(g)   b. 4Al(s) + 3O2(g)   $   2Al2O3(s) 
 c. 4Na(s) + O2(g)   $   2Na2O(s)  d. 2SO2(g) + O2(g)   $   2SO3(g) 
 e. C3H8(g) + 5O2(g) $ 3CO2(g) + 4H2O(g)
2. a. Ba2+(aq) + SO4

2–(aq) $ BaSO4(s)
 b. 2H+(g) + 2OH–(aq) $ 2H2O(l)
  Or: H+(g) + OH–(aq) $ H2O(l)
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