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Investigating the Effect of Changes in Ionic Concentration  
on the E.M.F. of a Cell 

 
Student Handout 

 
Purposes 

1. To investigate the effect of concentration on the e.m.f. of a cell. 

2. To determine the number of electrons involved in the Fe2+(aq)/Fe3+(aq) equilibrium. 
 
Introduction 

The Nernst equation is applicable to a half-cell as well as a combined cell.  
 
1. For a metal-metal ion half-cell, the equation has the following form: 

 

E = Eθ + ion]log[059.0
n

………………………………(1) 
 

2. For an ion-ion half-cell, the equation is modified to: 
 

E = Eθ +
[red]
[ox]log059.0

n
 ………………………..….. (2) 

 

3. For an overall cell reaction  a(ox)1 + b(red)1  c(red)2 + d(ox)2,   
the equation is 
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 The experiment employs a Cu(s)/Cu2+(aq) couple as the reference half-cell and a 
Fe2+(aq)/Fe3+(aq) couple for investigation. Variation in cell e.m.f., measured by a 
digital multimeter, is achieved by varying the concentration ratio of Fe2+(aq) to 
Fe3+(aq). Overall cell equation for the experiment :  
 
 

            2Fe3+(aq) + Cu(s)  2Fe2+(aq) + Cu2+(aq) 
                                            1 M  
According to equation (3),   
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A graph of Ecell vs 
](aq)[Fe
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log is a straight line the gradient of which is 

n
2  ×059.0 . A value for n can be calculated from the gradient of the graph. 
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Safety 

Avoid skin contact with chemicals. 
 
Materials and Apparatus 

1 M CuSO4(aq), 1 M FeSO4(aq), 1 M Fe(NO3)3(aq)  
 

 

Saturated KNO3 solution, a coil of nichrome wire and a coil of copper wire each fixed to 
a trimmed rubber bung, well-plate, plastic pipette, small strips of filter paper, 100 cm3 
beaker, microspatula, digital multimeter (DMM), connecting wires with crocodile clips. 
 
Experimental Procedures 

1. Using a clean plastic pipette, transfer 50 drops of 1 M CuSO4(aq) to the central well 
(see Fig. 1). 

2. Using two separate clean plastic pipettes, transfer 10 drops of 1 M Fe(NO3)3(aq) and 
40 drops of 1 M FeSO4(aq) to the well on the right (Well 1). 

 

1

234

5 Cu / Cu
2+

 
 

Fig. 1: Positions of Fe2+(aq)/Fe3+(aq) half-cells 

3. Wet a small strip of filter paper with saturated KNO3(aq), lower one end into the 
central well and the other end into the well on the right.  

4. Cover the central well with the rubber bung fitted with a coil of copper wire and the 
right well with another rubber bung fitted with a coil of nichrome wire. 

5. Taking the copper wire as the negative pole and the nichrome wire as the positive 
pole, measure the e.m.f. of the cell by a DMM (see Fig. 2). 

6. Construct four more Fe3+(aq)/Fe2+(aq) half-cells in wells 2 to 5 using the following 
solution mixtures and measure the e.m.f. of the cells. 

No. of drops Fe3+(aq)/Fe2+(aq) 
half-cell 1 M Fe3+(aq) 1 M Fe2+(aq) 

1 10 40 
2 20 30 
3 25 25 
4 30 20 
5 40 10  

HARMFUL 

EYE PROTECTION
MUST BE WORN
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Fig. 2: Cell e.m.f. measurement 

 
Results    

Complete the following table: 
 

[Fe3+(aq)] : [Fe2+(aq)] e.m.f./V log
)]aq(Fe[
)]aq([Fe

2

3

+

+

 

10 : 40   
20 : 30   
25 : 25   
30 : 20   
40 : 10   

 
Treatment of Data 

Enter your results into a spreadsheet software. Highlight the figures in the e.m.f. and 

log
)]aq(Fe[
)]aq([Fe

2

3

+

+

columns and select the Graph Wizard function. Choose the X-Y scattered 

plot option and label the graph plotted. Evaluate the slope of the best-fit straight line 
graph using the Trendline function.  
 
Discussion Questions  

1. What is the criterion for predicting polarities of electrodes of an electrochemical 
cell? 

2. Describe qualitatively the relationship between a decrease in concentration of the 
electrolyte around the cathode and cell e.m.f. Explain whether the result agrees 
with that predicted by the Nernst equation. You can use your experimental results 
for illustration. 

3. From the graph plotted, deduce the Eθ value of the Fe3+(aq)/Fe2+(aq) half-cell, 
given that the Cu(s)/Cu2+(aq) reference half-cell has an Eθ value of +0.34V. 
Compare with literature value. Comment on the discrepancy, if any. 

 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


