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Summary

In this project, the group must determine the amount of iron(III) and iron(II) in a sample of moss killer using different methods. Moss killer is used to make grass greener in gardens and soccer stadiums. Iron(II) is the only active compound.

The group must determine the iron(II) and iron(III) content of moss killer in different ways and conclude whether the moss killer contains at least 96% iron(II) in the total iron content.

Activity type

E
Use of scientific knowledge and understanding to solve problems

Working in teams to solve problems

Communication
Time and workload management

Techniques

Ultraviolet and Visible (UV-VIS) absorption spectroscopy
Atomic Absorption Spectrophotometry (AAS)
Potentiometry

Field

Environment

Agrochemical

Time

Practical lessons:
420 minutes

Theory lessons:
  90 minutes

Out of class:

  90 minutes

StandardBase procedures

Determination of iron in mosskiller using AAS

Determination of iron(II) content of mosskiller using potentiometry

StandardBase techniques

Ultraviolet and Visible (UV-VIS) absorption spectroscopy
Atomic Absorption Spectrophotometry (AAS)
Potentiometry

Other resources

Technomatch, Emmen, Netherlands: www.technomatch.nl
Literature: W.N.M.Ramsay, Clinica Chimica Acta 2(1957), 214 – 220

http://www.standardbase.com

http://bayergarden.co.uk\products.product.aspx?produkt=40

Student’s document

MOSS MURDER: Determining the amount of iron in moss killers

A manager of the tennis complex, Bimbledon, responsible for the greenness of the grass, had bought moss killer, three years ago. Moss killer is used in many countries as a fungicide to kill moss in lawns. It contains 5–25% iron(II) sulfate.
The moss killer (with iron(II) as the active compound) was cheap and he bought more than the amount necessary for one year. The first year, the grass was green and no moss was found. The second year, a little bit of moss was growing but, when he applied more moss killer, the moss disappeared. The third year, yet more moss was growing.

He talked about this problem with his neighbour (a teacher in a science training college). The neighbour said to him, “That is a fine project for my class. They can investigate if the active compound is converted into a non-active compound.”
Your brief

You are studying at a science training college and you must analyse the iron(II) and the iron(III) content of moss killer. In the literature, you found different methods: two analytical methods for iron(II) determination (one using UV‑VIS spectroscopy and the other, potentiometry) and a method for total iron determination using AAS.

The easiest one is the UV-VIS method, but are the results just as good as the other analytical methods? Find out which is (or are) the best and easiest method(s). You, as students, must choose the best method for the laboratory, taking into consideration time and workload implications, precision and accuracy. You need scientific skills and knowledge, you have to work in a team and communicate effectively.

Students perform the measurements and should communicate with the Bimbledon manager about the Fe(II)/Fe(III) ratio using a PowerPoint presentation.

You have to communicate with other students about how you will achieve this.

You have to plan time and workload management for this investigation.

Compare the methods used and show which method is best (in respect of time needed to do the measurements and precision and accuracy of results).

Your investigation
Form two groups, A and B.
Remember that a risk assessment must be made before starting practical work.
Task

Use the StandardBase procedures and the procedure described in this document. Each member of the group needs a copy. Read the procedures carefully, study the theory and make sure that everyone knows what needs to be done. Discuss in the group what each person will do. Make a plan for all the activities; book the necessary instruments, chemicals and set up a timetable.

Group A
Task 1 (half of the group)

Using Student sheet: Determination of iron(II) in moss killer using spectrophotometry, determine the iron(II) content.

Task 2 (other half of the group)

Using StandardBase procedure Determination of iron in mosskiller using AAS, determine the total iron content.
To calculate the amount of iron(III) you must subtract the iron(II) content from total iron content (AAS).
Group B
Task 1 (half of the group)
Using StandardBase procedure Determination of iron in mosskiller using AAS, determine the total iron content.
Task 2 (other half of the group)
Using StandardBase procedure Determination of iron(II) content of mosskiller using potentiometry, determine the iron(II) content.
To calculate the amount of iron(III) you must subtract the iron(II) content from total iron content (AAS).
Group A and Group B
Task3

Gather and summarise the groups’ results for the determination of iron(II) and write a report, for the head of the laboratory (teacher), on which procedure you would recommended to determine the iron(II) content, taking into consideration the time needed, precision and accuracy.
Task 4
Gather and summarise the groups’ results for the determination of iron(II) and total iron and write a report, for the head of the laboratory (teacher), on the acceptability of the moss killer for use to green up lawns. The moss killer is acceptable if the ratio iron(II)/iron(III) is more than 9.

Task 5
Discuss the results with all the groups and then discuss them with the manager of Bimbledon. (One of the students or the teacher can play the role of the manager who will need to be convinced about the findings.)

Your teacher will tell you when the analyses are to be carried out. Draw up a plan for all the analyses and book the necessary instrument and chemicals. Gather information about techniques to be used. Discuss the plan, analytical methods, instruments and chemicals with the members of your group, another group and your teacher. Make a chart showing time and workload.

Your findings

Write a report containing your results and conclusions for the head of the laboratory (teacher). Use your data to explain which method of determining the iron(II) and iron(III) in mosskiller you would recommend for your laboratory. Amplify your choice for the best determination to an audience of fellow students and teachers (using a PowerPoint presentation).

Draw a conclusion as to which method is the best.

Draw a conclusion about the usefulness of the mosskiller to green up lawns.

Student self assessment

Use the file Evaluating skills.doc from the ProBase website.

Student sheet:
Determination of iron(II) in mosskiller using spectrophotometry

Scope
The determination of iron(II) is based on the formation of the orange-red iron‑dipyridyl complex. Note: Total iron can be determined spectrophotometrically, where the iron(III) is reduced by ascorbic acid.
Principle

Mosskiller is dissolved in acidic water and after adding 2,2’-dipyridyl solution an orange-red complex will be formed. The intensity of absorption, or the intensity of the colour of the iron-2,2’-dipyridyl complex, is proportional to the concentration iron(II).

Reagent solutions

Standard iron(II) solution, 0.025 mg Fe(II)/mL

Weigh 0.175 g reagent-grade Fe(NH4)2(SO4)2.6H2O. Dissolve in 50 mL water that contains 4 mL 4 mol/L nitric acid. Transfer into a 1 L volumetric flask, fill it up to the mark and mix well.

2,2’-dipyridyl solution (w = 0.1%)

Dissolve 0.1 g of 2,2’-dipyridyl in 100 mL water.
Sodium acetate buffer pH = 4.4

Mix 50 mL 0.2 mol/L sodium acetate with 75 mL 0.2 mol/L acetic acid.

Preparation
The wavelength of the spectrophotometer could be checked by using the deuterium lamp at 656.10 nm. Note: Not all apparatus has this facility.
Procedure

Sample

Weigh out moss killer containing about 0.2 mg iron(II) and iron(III) on an analytical balance and transfer it to a 50 mL dry volumetric flask. Add 15 mL of sodium acetate buffer and 6 mL 0.1% 2,2’-dipyridyl solution. Make up to the mark with distilled water, mix well and allow to stand for 10 minutes. Measure the absorbance of the sample with a spectrophotometer using a wavelength of 523 nm.
Preparation of a calibration curve

Transfer 0.00, 2.00, 4.00, 6.00, 8.00 and 10.00 mL of the standard iron(II) solution to 50 mL volumetric flasks and treat the volume as the sample. Measure the absorbance of the standards with the spectrophotometer using a wavelength of 523 nm.

Calculation
The absorbance is plotted against the concentration (mol/L or mg Fe(II)/mL); the concentration of the sample can be determined by interpolation.

Expression of results

The results will be given in % by mass of iron(II). Note: assume the density of the solutions to be 1 g/mL.
Teacher’s document

Overview

The students are studying to become analysts at a training college. They must analyse the iron(II) and iron(III) content of moss killer. The students must choose the best method for their laboratory, taking into consideration time and workload implications, precision and accuracy. They need scientific skills and knowledge, they have to work in a team and communicate effectively.

Students learn to:

· tackle scientific problems by applying their practical skills and their knowledge and understanding of potentiometric titration, UV-VIS spectrophotometry and atomic absorption spectrophotometry.
· observe, measure and analyse data from potentiometric titration, UV-VIS spectrophotometry and atomic absorption spectrophotometry, and evaluate the results.

· work with others and manage relationships with people

· communicate by writing a working paper and prepare a PowerPoint presentation to be discussed with a range of audiences

They will develop scientific knowledge and understanding: 

· analytical standard procedures to determine the iron(III) and iron(II) content in moss killer in two different ways

· UV-VIS and potentiometry combined with AAS.

Developing students skills
Half of the students (Group A) will carry out photometric analysis of iron(II) with 2,2”-dipyridyl and the other half (Group B), the atomic absorption analysis of total iron. When they have completed these practicals, Group A must carry out an atomic absorption analysis of total iron, and Group B, the potentiometric analysis of iron(II). They should receive feedback after each one.

Appropriate questions should be asked as prompts to stimulate their thinking.

The development of skills will depend on the required assessment objectives for the course being followed by the students. The completed report suggests the ‘best’ method for the determination of iron(II) and a conclusion about the amount of iron in moss killers.

Organising and managing the class
The students should have experience of spectrophotometry (UV-VIS), atomic absorption spectroscopy and potentiometry.

It is suggested that students work in groups, minimum group size: 3.

Number of groups: 2.

If there are more than two groups, some groups can do the same procedure.

Each student should participate in the planning, the practical activity and the report. Make sure students have sufficient time to share and discuss their results before starting to write the report for the head of the laboratory (teacher) and the Bimbledon manager (teacher or student).

To make a good time and workload plan might be difficult for the students. They need feedback during the planning stage.

Guide the students with suggestions, but leave them to manage their work independently.

Creating a time and workload management plan may be easier if students use Microsoft Excel.

In column 1 put the preparations, measurements, etc. (one per row)
In column 2 put the estimated time in minutes

Example of a time and workload sheet (these values are only estimated values):

	Activity
	Time 

minutes

	UV-VIS
	

	Preparation of standard iron(II) solution
	40

	Preparation of calibration solutions
	60

	Preparation of sample
	20

	Measurements to make the calibration curves and measurements of samples
	30

	Report
	60

	
	

	AAS
	

	Preparation of standard iron(II) solution
	40

	Preparation of calibration solutions
	60

	Preparation of sample
	20

	Measurements to make the calibration curves and measurements of samples
	30

	Report
	60

	
	

	Potentiometry
	

	Standardisation of potassium permanganate solution
	60

	Preparation of sample
	40

	Titration of the samples
	50

	Report
	60

	
	

	Total time for group A or B
	420

	
	


Session plan for teachers

A suggested approach is:

· Teacher’s introduction to activity and check on prior knowledge (15 minutes)

· Students arranged into groups; discussion and allocation of work (30 minutes)

· Carrying out the practical work (about 420 minutes)
· Groups come together to share and discuss results (about 45 minutes)

· Completing report and PowerPoint presentation (about 90 minutes)

Technical notes

Equipment and materials

Only for the determination of iron(II) in mosskiller using spectrophotometry. For AAS and potentiometry, the lists are given in the StandardBase procedures.
Materials and their CAS numbers

	Name
	Grade
	CAS-No

	2,2’-dipyridyl
	Reagent
	366-18-7

	sodium acetate
	Reagent
	6131-90-4

	acetic acid
	Reagent
	64-19-7

	nitric acid 65%
	Reagent
	7664-93-9

	ammonium iron(II) sulfate hexahydrate p.a.
	AR
	7783-85-9


Equipment

Instruments

· calibrated analytical balance; accuracy = 0.1 mg

· VIS spectrophotometer

Glassware and other equipment

· 50 mL volumetric flasks (class A)

· 1000 mL volumetric flasks (class A)

· calibrated volumetric pipettes (2, 4, 6, 8, 10 mL)

· 5 mL pipette

AAS

Students who determine the total iron content using the AAS technique must read the procedure for analysing iron in the manufacturer’s manual. They must look for the optimum wavelength, split width, linear range and rich or lean flame.

UV-VIS
The mosskiller sample solution should give a reading within the calibration concentration range.

Note: When a precipitation occurs in the volumetric flask it is most likely to be an iron hydroxide. This is due to the use of distilled water (which is not acidic enough).

Testing prior knowledge

Choose the correct answer

1. The equation for a calibration line is: Y = 2090.2X + 0.00367 (mol/L)
A sample solution Y has a concentration of 1.024 x 10-4 mol/L. The absorbance of the iron solution is:
a. 0.157

b. 0.0318

c. 0.218

d. 3.18
2. Atomic Absorption Spectroscopy needs:

a. deuterium lamp

b. no lamp

c. tungsten carbide lamp

d. hollow cathode lamp

3. Which factor does not influence the absorbance using AAS?

a. matrix of the solution

b. temperature of the flame

c. wavelength

d, temperature of the room

4. In the potentiometric titration of iron(II) by permanganate, 
the potential (in V) of the equivalence point at pH = 0 is:

(E0(MnO4-/Mn2+, H3O+) = 1.55 V and E0(Fe3+/Fe2+) = 0.82 V)
a. 1.140

b. 0.770

c. 1.428

d. 1.550

5. In the potentiometric titration of iron(II) by permanganate,

455.0 mg Mohr’s salt [Fe(NH4)2(SO4)2.6 H2O] needs ........ mL KMnO4, c(KMnO4) = 0.02110 mol/L solution
a. 55.00

b. 23.86

c. 11.00

d. 19.08

Note: answers are given in red. These need to be removed before using the test.
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