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Teacher Guidelines:

The following guidelines are supplied to enable teachers to carry out valid and consistent assessment using this internal assessment resource.

Context/setting:

The ions present can be detected by precipitation reactions and the formation of complex ions.

Conditions:

Individual practical and written tasks.

The practical must be carried out in a laboratory under conditions of careful supervision.

The suggested time allowed is 1 hour.

Resource requirements:

Materials required:

red litmus paper 

· 1 mol L-1 NaOH(aq)

· 1 mol L-1 HCl(aq)

· 1 mol L-1 H2SO4(aq)

· 1 mol L-1 NH3(aq)

· mol L-1 AgNO3(aq)

· mol L-1 KSCN(aq)

· mol L-1 Ba(NO3)2(aq)

· 5 unknown solutions

Laboratory equipment - test tubes and test tube racks, Bunsen burner

Additional information:

Teachers should test the process using the prepared solutions, before the assessment.  He/she will need to ensure that the solutions are of a concentration where the unknown ions can be detected by precipitation.

Students should be familiar with the flow chart provided, having already used it in formative assessment activities.

Note:

This resource provides a task for assessment of this standard based on identification of a set of 8 ions.

These ions can easily be replaced or changed around to provide an alternative task.

When selecting a solution for analysis, the assessor must ensure that the presence of one ion does not affect the observations for the analysis of the other ion according to the flow chart.  For example in the case of iron(III) chloride, analysis for the chloride ion will produce a precipitate of iron(III) hydroxide that is insoluble in excess ammonia.
When work is submitted to NZQA for external moderation the assessor must clearly identify the particular ions present in the unknown solutions used by the students.
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Student Instructions Sheet

This is an individual practical and written activity.

Tasks 1 to 5 involve analysis of 5 solutions in which either the anion, cation or both ions must be identified.

For each sample you must:

· choose suitable reagents and carry out the tests that will allow you to identify the ion present

· describe the tests carried out and record all observations made

· identify the ion present

· write balanced equations for any precipitation reactions and for the formation of complex ions.  These equations must be linked to the observations recorded.

Task 6 describes tests carried out on another solution so that the anion and cation can be identified.  (You do not need to carry out the practical work yourself.)

Based on the observations given:

· identify the anion and cation present

· write balanced equations for the precipitation reactions that occurred and for the formation of any complex ions.  Link these equations to the observations recorded.

You may use the flow charts provided.

Write your answers in the spaces provided.

Task One

Identify the cation present in solution A.  It is either Ag+(aq) or Fe3+(aq).

	
	Description of test(s) carried out
	Observations
	Equations

	Ag+(aq)

OR

Fe3+(aq)


	
	
	


Ion present is:


Task Two

Identify the anion present in solution B.  It is either SO42((aq) or OH((aq).

	
	Description of test(s) carried out
	Observations
	Equations

	SO42((aq)

OR

OH((aq)


	
	
	


Ion present is: 

Task Three

Solution C is an aqueous solution of a metal nitrate.  Identify the cation present.

	Description of test(s) carried out
	Observations
	Equations

	
	
	


Cation present is:


Task Four

Solution D is an aqueous solution of a sodium salt.  Identify the anion present.

	Description of test(s) carried out
	Observations
	Equations

	
	
	


Anion present is: 

Task Five

Identify the anion and the cation present in solution E.

	Description of test(s) carried out
	Observations
	Equations

	Test for anion
	
	

	Test for cation
	
	


Anion present is: 
Cation present is: 

Task Six

A colourless solution is analysed to determine the cation and anion present.

To separate samples of this solution various tests were carried out and the observations were recorded as follows.

· no effect on red litmus

· no reaction with aqueous silver nitrate

· no reaction with aqueous barium nitrate

· a white precipitate formed when a small volume of aqueous sodium hydroxide was added and this disappeared when excess sodium hydroxide was added

· a white precipitate formed with dilute sulfuric acid

· a white precipitate formed when a small volume of aqueous ammonia was added and this remained in the presence of excess ammonia.

Using these observations identify the cation and anion present in the solution.

Write balanced equations for the precipitation reactions that occurred and for the formation of any complex ions.  Link these equations to the observations recorded.

Identifying Cations        NH4+,  Na+,  Mg2+,  Ag+,  Fe2+,  Fe3+,  Cu2+,  Al3+,  Pb2+,  Zn2+,  Ba2+



new  sample



new  sample




   new  sample 



new


sample


  new


sample


  new 


sample
Identifying Anions         CO32(,  Cl(,  I(,  SO42(,  NO3(,  OH(

AS90305 Version 2   Assessment Schedule:  Identifying Ions in Solution  Chem 2.1 

	Evidence
	Judgement for Achievement
	Judgement for Merit
	Judgement for Excellence

	Task One  The unknown ion is Fe3+ 

· addition of NaOH produces an orange/brown precipitate

Fe3+(aq)  +  3 OH((aq)   (   Fe(OH)3(s)

and

· addition of KSCN produces a dark red solution

Fe3+(aq)  +  SCN((aq)   (   [FeSCN]2+(aq)
	A majority of ions are correctly identified ( 5 ions.

The determination of these ions must be supported by experimental observations and identification of precipitates from appropriate tests.

The precipitates may be identified by name or correct formula.
	A majority of ions are correctly identified ( 5 ions.

The determination of these ions must be supported by experimental observations and identification of precipitates from appropriate tests.

Justification of the precipitates formed includes correctly balanced equations for precipitation reactions.

For ionic equations states do not need to be shown.
	6 ions are correctly identified since excellence includes an ion being identified using the formation of a complex ion.

The determination of these ions must be supported by experimental observations and identification of precipitates from appropriate tests.

Justification of the ions identified includes correctly balanced equations for precipitation reactions and the formation of complex ions.

For ionic equations states do not need to be shown

	Task Two  The unknown is SO42(
· when tested with red litmus no colour change is observed

· addition of Ba(NO3)2 produces a white precipitate

SO42((aq)  +  Ba2+(aq)   (   BaSO4(s)
	
	
	

	Task Three  The unknown is a solution of Mg(NO3)2
· addition of small volume of NaOH produces a white precipitate

· excess NaOH added the precipitate remains

Mg2+(aq)  +  2 OH((aq)   (   Mg(OH)2(s)

· addition of H2SO4 no precipitate is formed (showing ion is Mg2+ rather than Ba2+)
	
	
	

	Task Four  The unknown is a solution of Na2CO3

· when tested with red litmus this goes blue (showing the ion is OH( or CO32()

· addition of hydrochloric acid produces bubbles of gas
	
	
	

	Task Five  The unknown solution is ZnCl2
test for anion

· when tested with red litmus no colour change is observed

· addition of Ba(NO3)2 no precipitate is formed

· to a new sample AgNO3 added and a white precipitate is formed, this precipitate disappears when aqueous ammonia is added

Cl((aq)  +  Ag+(aq)   (   AgCl(s)

AgCl(s)  +  2 NH3(aq)   (   [Ag(NH3)2]+(aq)  +  Cl((aq)

or

Ag+(aq)  +  2 NH3(aq)   (   [Ag(NH3)2]+(aq)

test for cation

· addition of a small volume of NaOH produces a white precipitate

· excess NaOH added the precipitate disappears

· addition of a small volume of aqueous NH3 produces a white precipitate

· excess aqueous NH3 added the precipitate disappears

Zn2+(aq)  +  2 OH((aq)   (   Zn(OH)2(s)

Zn(OH)2(s)  +  2 OH((aq)   (   [Zn(OH)4]2((aq)

or  Zn2+(aq)  +  4 OH((aq)   (   [Zn(OH)4]2((aq)
Zn(OH)2(s)  +  4 NH3(aq)   (   [Zn(NH3)4]2+(aq)  +  2 OH((aq)

or  Zn2+(aq)  +  4 NH3(aq)   (   [Zn(NH3)4]2+(aq)
	
	
	

	Task Six

no effect on red litmus ( not basic ( not OH(, CO32(
no reaction with aqueous silver nitrate ( not Cl(, I(
no reaction with aqueous barium nitrate ( not SO42(
therefore anion must be NO3(  (no equations since no reactions)

a white precipitate formed when a small volume of aqueous sodium hydroxide was added and this disappeared when excess sodium hydroxide was added ( must be Al3+, Zn2+ or Pb2+

a white precipitate formed when a small volume of aqueous ammonia was added and this remained in the presence of excess ammonia ( therefore not Zn2+
a white precipitate formed with dilute sulfuric acid ( cation must be Pb2+
Pb2+(aq)  +  2 OH((aq)   (   Pb(OH)2(s)

Pb(OH)2(s)  +  2 OH((aq)   (   [Pb(OH)4]2((aq)

or  Pb2+(aq)  +  4 OH((aq)   (  [Pb(OH)4]2((aq)
Pb2+(aq)  +  SO42((aq)   (   PbSO4(s)
	
	
	


Note:

· For Merit or Excellence, student evidence must clearly show links between observations and equations.
· Equations for precipitation reactions may include spectator ions, but the precipitate must be clearly identified.





































































































































































































































dark red solution confirms   Fe3+





add 2 drops KSCN solution





litmus stays red      Na+





add 2 drops of dilute NaOH solution.





add NaOH solution, heat, test gas with red litmus.





no precipitate�NH4+,  Na+





litmus goes blue   NH4+





add excess�NaOH solution





precipitate disappears�Al3+,  Zn2+,  Pb2+





white precipitate forms�Al3+,  Zn2+,  Pb2+,  Mg2+,  Ba2+





precipitate remains�Mg2+,  Ba2+





add 2 drops, then�excess NH3 solution





add dilute H2SO4 solution





white precipitate forms and disappears,  Zn2+





colourless solution�Mg2+








white precipitate�Ba2+








white precipitate forms�Al3+,  Pb2+





add dilute H2SO4 solution





green precipitate forms�Fe2+











colourless solution�Al3+





white precipitate�Pb2+





orange precipitate forms�Fe3+





blue precipitate forms�Cu2+





blue precipitate then deep blue solution


Cu2+





add 2 drops, then excess�NH3 solution





brown precipitate then colourless solution   Ag+





add 2 drops, then excess�NH3 solution





brown precipitate forms�Ag+





bubbles of gas�CO32(





add dilute HCl solution





no precipitate�NO3(





new  sample





add AgNO3 solution





precipitate�Cl(,  I(





add dilute NH3 solution





precipitate disappears�Cl(





precipitate remains�I(





no precipitate





add red litmus





litmus remains red�SO42(,  Cl(,  I(,  NO3(





white precipitate�SO42(





add Ba(NO3)2 solution





no bubbles�OH(





litmus goes blue�OH(,  CO32(
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