Feature Spectroscopyinasuitcase

Spectroscopy in
your classroom

Tracy McGhie explains how your students can solve a murder mystery

using state-of-the-art equipment

Asthe Spectroscopy in a Suitcase coordinator
based at the University of Leicester, I have
been involved in the project since 2008. The
concept was developed by Jonny Woodward
and Paul Cullis of the University of Leicester,
who wanted schools and colleges to be able
to give their pupils and students hands-on
experience of state-of-the-art, university-
grade spectroscopy equipment - enhancing
the teaching of spectroscopy and chemistry in
secondary education.

Since its initial trial in just three UK regions,
I have watched the project go from strength
to strength. Under the administration of the
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RSC, Spectroscopy in a Suitcase now covers
everyregion of the country - thanks largely
to funding from Higher Education Funding
Council for England (HEFCE), as part of the
Chemistry for our Future and national HE
STEM programmes, and the National Science
Academy of Wales. Industrial support from
the likes of Bruker, Thermo Fisher Scientific
and Sigma-Aldrich has also played a part.
This country-wide coverage makes use
of 17 sets of suitcase apparatus and offers
workshops and activities that are delivered
by 19 partner universities. Over the last three
years, the project has exceeded all targets by
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Postgraduate discusses
results with school
students

delivering activities to over 26 000 students
through more than 520 events. With teachers
keen to secure repeat bookings, the success
and popularity of Spectroscopy in a Suitcase is
clear for all to see.

Spectroscopy is part of the GCSE, BTEC and
AS/A2 syllabuses, and can be an important
and engaging subject for students. But the
high costs of instrumentation means that
most schools and colleges do not have access
to the right equipment for effective hands-
on learning. Spectroscopy in a Suitcase
workshops show students the kind of practical
work that will be found in a typical chemistry
degree, raising aspirations and providing a
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glimpse into the world of higher education
and illustrating some of the real-life uses of
chemistry in industry.

The project also helps widen participation
by breaking down barriers to higher
education: students have the opportunity
to use and understand university-level
equipment, and enjoy direct contact with
postgraduate student ambassadors, who
are able to answer more general questions
about life at university. This use of student
ambassadors has proved to be one of the key
success factors for the project.

Atypicalworkshop

Spectroscopy in a Suitcase workshops are free
and requests to book one can be made on the
RSC website. Once such a request is received,

a coordinator contacts the teacher in charge to
arrange a suitable date and agree the activities
tobeincluded.

The most popular activity is the analysis of
unknowns using FT-IR spectroscopy, which
usually takes around two hours, depending on
the lesson length and student numbers. Each
workshop comfortably caters for 10-24 students,
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allowing plenty of opportunity for hands-on
activity. The primary target audience is year 12
or 13, studying at BTEC or A-level.

The FT-IR workshop also forms part one of
the popular three-part murder mystery activity:
abody (Mr Blue) has been found in a lab, and the
students must identify the unknown chemicals
found in the vicinity of his body, including
amystery medicine found in his pocket. In
part two students use the Beer-Lambert law
and a UV/visible spectrometer to work out
the concentration of the mystery medicine in
the victim’s blood plasma. Finally they read
and analyse witness statements and mass
spectrometry data to arrive at a conclusion
about what caused our victim’s death, and who
the most likely perpetrator would be.

On arrival at the school or college, the
spectroscopy equipment is set up in the
classroom or laboratory. This takes about 20
minutes, including the FT-IR spectrometer’s
internal calibration checks, so it is important
that a classroom is available a little time before
the workshop is due to start. If possible a
ground-floor lab is always preferred for ease
of access.
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Getting familiar withinfrared

Abrief outline of infrared spectroscopy is
given using a poster presentation, although
students get the maximum benefit from
the workshop if they have been taught the
theory of infrared spectroscopy and mass
spectrometry by their teacher in advance.

Inthe FT-IR spectra they run themselves,
students look for peaks that give them
functional group information, such as O-H and
C=0 stretches. Using the mass spectrometry
data from the provided workbook, including
the molecular ion and fragmentation peaks,
students try to work out the structure and
name for each of the molecules they sample.
University ambassadors will be on hand to guide
them through the process. Familiarity with the
functional groups associated with alcohols,
carboxylic acids, aldehydes, ketones and esters
will be helpful to the students, along with
knowledge of the structure of a benzene ring.

When assembling the equipment, the
ambassadors set up workstations for groups
of two to three students, with each station
having a set of pure sodium chloride plates
for preparation of liquid samples for FT-IR
analysis. Students are shown how to prepare
asample (with just one drop between the two
plates) and how to clean the plates carefully
with solvent, ready for the next sample.

Once a student has prepared their samples
they take it to the FT-IR instrument, record
its spectrum following simple on-screen
instructions, and print the results for
analysis. During this process the students
are taught to take key information from the
IR spectrum. A paper copy of relevant mass
spectrais also given to the students, and they
learn to use common mass fragments, along
with empirical formulae, to piece together
the jigsaw and come up with complete
molecular structures.

By the end of the session, it’s not
uncommon to have seen a few ‘lightbulb
moments’, where the theory they have
studied in isolation now slots into place
alongside the practical techniques they
have learned. Students also find out that
itis not necessary to identify every single
peakin the spectrum, just the key peaks
that tell them something useful, and that the
different analytical techniques have different
strengths and weaknesses.

Groupwork

Once all the liquid samples have been
analysed, the students work as a group to
identify the solid samples, including the
medicine found at the scene of the crime, in
the case of the murder mystery workshop.
For this they have the opportunity to use an
attenuated total reflectance (ATR) attachment,
which enables the direct FT-IR spectroscopy
of solid substances by bouncing infrared

light through a diamond crystal covered in
the sample, and back to the detector using
mirrors. The solid samples are ground to a
fine powder, placed carefully on the diamond
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ATR surface and pressure is applied via an
overhead arm.

For this part of the practical, the students
ask the computer to search its database
to find the best match for the compound,
rather than working out its identity from first
principles. So far, in the five years worth of
workshops I have run, the correct answer
hasbeen delivered every time, with just
one exception: on one occasion, for some
unknown reason, the computer suggested
cocaine instead of aspirin as the best match.
Not a very good match, but most amusing for
the students. I assured their teacher that the
white powder we had just sampled definitely
wasn’tillegal. Suchresults doillustrate the
valuable point that such database answers
are only a best match, and not to be believed
without question.

The infrared spectroscopy session usually
finishes with a roundup of the results.
Students take turns to discuss how they
arrived at their answers, in their groups, for
each of the individual samples.
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FTIRinstrument (above)

‘justonedrop! sample
preparation using NaCl
plates (below left)

Studentrunsasamplein
the FTIR (belowright)
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Murder mystery partll: UV-vis spectroscopy
The UV-visible spectroscopy experiment
isaccompanied by a variety of practical
resources, which are designed for a range of
ages. These include kinetics, food dyes and
Beer-Lambert plots, however the most popular
activity is the second part of the murder
mystery story.

Running the full murder mystery takes
about two and a half hours, and is often
booked by schools that have triple lessons or
are off-timetable on a special activity day. The
practical is based around a Beer-Lambert plot,
demonstrating to students the proportionality
of absorbance and concentration. Students
prepare a series of calibration standards
by measuring the absorbance of known

R concentrations, and

. use this data to make a
StEIdentS love straight-line calibration
usingauto graph in Microsoft
pipettesasit Excel. This graph is
makesthemfeel printed and used by the

R students to determine
very sl the absorbance
of unknown

concentrations in the victim’s blood plasma.

Workstations include the calibration
solutions, an iron(i11) chloride complexing
solution and auto pipettes and tips. We find
students love using the auto pipettes as it
makes them feel very ‘CSI’ as they prepare
their solutions for analysis.

Once they have determined the drug
concentration in the blood plasma sample,
they have to decide if the victim took a
therapeutic or lethal dose.

Murder mystery partlll: mass spectrometry
With the practical work complete, the

final part of the murder mystery involves a
paper-based exercise in which students use
supplied mass spectrometry data and witness
statements to determine the cause of death.
Workshop participants also identify the killer
from one of four key suspects. This part of the
workshop usually causes lots of discussion
between the peer groups as they come up
with theories and possible scenarios for Mr
Blue’s death. The idea is to teach the students
to use the scientific evidence to construct
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Food dye analysis using
UV-visible spectrometer

their theory, and to support or eliminate the
suspects accordingly.

Since its inception I have thoroughly
enjoyed organising and delivering these
Spectroscopy in a Suitcase workshops. It’s
great to see the students enjoying chemistry as
they take up the challenge of solving a classic
‘who dunnit?” Running their own samples
engages the students and helps to make
textbook theory come to life. An additional
consequence of the project is that university
staff and students also benefit from the
opportunity to visit schools, gaining a greater
understanding of the sector and forging
stronger links with local schools and colleges.

Furtherinformation

® The resources discussed in this article are available to
view and download from the Learn Chemistry section of
the RSC website. http://rsc.li/ZxIQYY

® Teachersinterested in booking a workshop should
visit the SpectraSchool area of the RSC website for
resources including an introduction to spectroscopy
(with animations), the Spectrocopy in a Suitcase booking
page, and an interactive spectroscopy tool for molecules
relevant to A-level studies. http://rsc.li/NnQXR1

Feedback and comments from Spectroscopy inaSuitcase workshops

Fromstudents
©® Great fun-it has shown what is required when
attending university.

® Nice to see chemistry in action, rather than just
read about spectroscopy in the textbook.

® Thank you very much! This has helped me
understand this topic alot more and | enjoyed it
immensely.

® |t was very informative, has helped me make
aclear decision on what | wish to study at
university.

® What | liked best was the opportunity to
question the team on their work and experience
of doing this at university.

Fromteachers

®Beingable to see the equipment we usually
only talk about, and being able to useit. | found
it useful as a member of staff: the ability to see
modern techniques linked to a computer really
added to the event. D Hill

®[I'm]impressed with the resources on
SpectraSchool. The material, animations,
spectra, etcarejust the ticket. Maurice Christie

j

Students preparing their samples for analysis
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