
Using ACELL to explore fluctuating student perceptions of an acylation 
of ferrocene experiment 

Daniel C. Southam,*a Bradley Shand,a Mark A. Buntine,a,b Scott H. Kable,c Justin R. Read, b,c and 
Jonathan C. Morrisb,d 

Supplementary information 5 

The following data on assessment criteria, and a detailed educational analysis using the ACELL framework, is presented here to permit 
the reader further context to discussions in the main body of the manuscript. 

Assessment criteria 

The students, as part of their experimental procedure, were provided with the following specific and general assessment criteria and 
report requirements: 10 

i.) It is important that it is clear to the assessor that you understood the experiment and basic theory behind the reactions that you 
carried out.  This can be shown adequately by discussing the significance of your results (including analysis of spectra), writing 
a mechanism for the reaction and addressing the questions asked in the manual. 

ii.) Accuracy of results as shown by visualisation of your products and TLC plates (remember to circle all spots in pencil as they 
will often fade before your reports are assessed), as well as yield, melting points and analysis of spectra generally reflect a 15 

degree of competency in mastering laboratory techniques and will therefore contribute to the assessment of this practical. 
iii.) Clarity and layout of your report will also contribute to your assessment.  
iv.) Experimental design is extremely important in the majority of science disciplines and it always begins with a ‘theoretical’ 

proposal.  Results from the final part of this experiment (TLC analysis) are to be used for you to design an experimental 
procedure that will effectively isolate acetylferrocene from your crude acylation product.  How well you achieve this will 20 

contribute to your assessment. 
The students then prepared an experimental report, which was instructed to contain the following components: 

• the flow sheets you have prepared (where requested) 
• rough working pages 
• the full experimental section, which should include the reagent table and a listing of all spectroscopic data either provided or 25 

recorded. 
• answers to the questions 

Finally, the report prepared was assessed on the basis of the following criteria: 
a.) quality and yield of products, 
b.) clarity of report - including neatness and legibility, 30 

c.) answers to questions. 
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Table S1 ACELL educational analysis of this experiment 

Learning Outcomes  
What will students learn? 

Process  
How will students learn it? 

Indicators  
How will staff and students know that the students 

have achieved the learning outcomes? 

Theoretical and conceptual knowledge 

The students will use material taught in lectures to 
explain how electrophilic aromatic substitution of 

aromatic molecules works. 

By providing a mechanism for the reaction During the experiment, interaction with a 
demonstrator will indicate that students are 

proceeding on the right path. Students are expected 
to provide a mechanism as part of in their 

submitted report. Staff/demonstrator would provide 
feedback on the mechanism provided. 

The students will use material taught in lectures to 
assign the various spectra obtained/provided during 

the experiment. 

They have to identify the relevant IR absorptions. 
They are asked to analyse the NMR spectra 

provided and assign any relevant peaks 

During the experiment, interaction with a 
demonstrator will indicate that students are 

proceeding on the right path. The identification and 
assignment of absorptions/signals forms part of the 
report submitted for marking. Staff/demonstrator 

would provide feedback on the assignments made.

Scientific and practical skills 

Ability to observe and record, and report, using 
appropriate scientific language. 

They are required to write up the experiment 
during the formal session. Their experimental 
observations, structural assignments and their 
conclusions form the basis of this report. This 

would take the form of an experimental section, 
plus analysis of data obtained and/or provided. 

They will hand in the written-up work to the 
demonstrator. The demonstrator will mark the 

report and provide feedback on the quality of the 
work. 

Experimentally, students will learn the procedure 
and aspects of chromatography (both thin-layer and 

column) 

The student performs the experiment with 
occasional guidance provided by a demonstrator. 
When they observe the thin-layer chromatograms 

they will know, themselves, that they have 
mastered this technique. 

The successful purification of acetylferrocene will 
be the indication that the students have mastered 
the necessary skills required of this experiment. 

Ability to form hypotheses and test them 
experimentally 

The student must determine a way of separating 
acetylferrocene from ferrocene. They try a range of 
different eluting solvents and based on their results, 

they must develop a procedure to achieve the 
separation on the sample they have prepared. 

The student will obtain a pure sample of 
acetylferrocene. 

Thinking skills 

The student will develop self-management skills as 
they must plan and organise a way to purify 

acetylferrocene. 

The student must determine a way of separating 
acetylferrocene from ferrocene. They try a range of 
different eluting solvents and based on their results, 

they must develop a procedure to achieve the 
separation on the sample they have prepared. 

Before the actual procedure is carried out, the 
student must discuss their plan with the 

demonstrator. Approval of the plan will indicate 
the successful application of skills. If the plan is 
not approved, the resulting discussion will help 
guide the student in their development of a new 

plan. 

Generic skills 

Students will enhance effective communication by 
having to submit a written report. 

Written communication skills will be developed as 
the report is prepared. 

The required written report will evaluate this 
aspect. 

Electronic Supplementary Material (ESI) for Chemistry Education Research and Practice
This journal is © The Royal Society of Chemistry 2013



 

Electronic Supplementary Material (ESI) for Chemistry Education Research and Practice
This journal is © The Royal Society of Chemistry 2013



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


