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EXECUTIVE SUMMARY

The purpose of this report is to summarise activities related to the delivery of the A-CINCH High
School Work Package and its evaluation. The aim of the work package was to develop a lesson
package for 16-18 year olds that introduced them to radiochemistry topics. Two different lesson
packages have been developed, tested and finalised. One lesson focuses on nuclear medicine

chromatography, the other lesson cover pyro-processing and electrochemical cells.

93 students and 10 teachers/STEM ambassadors have taken part in the lesson package trials and
provided feedback on the lessons. Overall, positive feedback was received from the trials with 90%
of students interested in learning more about nuclear chemistry after the workshops and 100% of
teachers agreeing that the workshops were an interesting way to showcase how chemistry can be

applied practically.

The lesson packages have been designed so that workshops can be delivered independently by
teachers and STEM ambassadors. The resources have been uploaded to the CINCH HHUB, to NNL’s
Outreach database, and to the STEM Community website to allow public access and use of the

resources.
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1 INTRODUCTION

Two separate radiochemistry lesson packages for 16-18 year olds have been developed. The lessons
have been linked to the high school curriculum and have been designed so that teachers and STEM
ambassadors can deliver the workshops independently. The first lesson explores nuclear medicine
and chromatography using a virtual online experiment. The second lesson explains how

electrochemical cells are used in pyro-processing to create a closed nuclear fuel cycle.

1.1 Development of Nuclear Medicine Lesson Package

In the previous CINCH project, MEET-CINCH, a pilot version of a lesson package using the lonLab
(a robotic nuclear radio chemistry experiment) to separate a radioisotope used in nuclear medicine
was created. During the initial phase of the A-CINCH project, the focus of work on D5.5 was to create
a new and improved version of this lesson package.

Initially, the live lonLab was incorporated into the lesson through a video stream, however, this meant
only the teacher could carry out the experiment with the students watching, and the teacher had to get
in contact with LUH in advance to arrange the setup of the lonLab. To solve these issues, LUH
designed a virtual Interactive Screen Experiment (ISE) based on the lonLab for the improved lesson
package, this reduced IT problems and allowed several students to perform the experiment with

different parameters at the same time.

As well as the ISE, an animated introductory video was created for the lesson. Work was carried out
with UNIVLEEDS to produce a three-minute video that explains the theory of radioisotopes and how
they are used in Nuclear Medicine. The video has been designed to be played at the start of the lesson

and can be found here: What are medical radioisotopes?. As an extension activity after the lesson, a

link and prompt to access D5.3 - UNIVLEEDS Career Case Study videos has been included in the
teacher guide.

The Nuclear Medicine lesson package includes the following resources: the ISE, an introductory
video, a PowerPoint presentation to structure the lesson, a teacher guide that provides a walkthrough
of the lesson, and a student workbook that provides experiment instructions and extension activities.
These can be seen in Annex 1.

1.2 Development of Pyro-Processing Lesson Package
The second lesson package focuses on Pyro-Processing. The lesson was linked to the high school
curriculum through the topic of electrochemical cells and redox reactions. The lesson begins with an

animated video that introduces students to the topic of Pyro-Processing - Pyrochemical Processing:

A Sustainable Solution for Nuclear. This is followed by the teacher going through an explanation of

the theory of electrochemical cells and how they are used in Pyro-Processing to create a closed nuclear
5


https://vimeo.com/649207531/80baf68305
https://www.youtube.com/watch?v=wEbA-zZSz70
https://www.youtube.com/watch?v=wEbA-zZSz70
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cycle. The students then carry out an experiment to build their own electrochemical cell and relate
this to the separation of spent nuclear fuel. After the experiment, the students complete an activity to
draw a closed nuclear fuel cycle and a crossword based on the theory of the lesson. The lesson finishes
with a round up discussion about the experiment and extension activities that encourage students to
consider whether they would support an open or closed nuclear fuel cycle and what kind of energy

future they would like.

As with the Nuclear Medicine lesson package, the pyro-processing lesson contains an introductory
video, a PowerPoint presentation, a teacher guide, and a student workbook. It also includes a risk

assessment for the electrochemical cell experiment.

1.3 Use of Resources after A-CINCH Project

The lesson packages have been designed so that workshops can be delivered independently by
teachers and STEM ambassadors without involvement from the A-CINCH team. The resources will
be uploaded to the CINCH HUB and to NNL’s Outreach database for use in future outreach events.
To enable public use of the lesson packages, they have been uploaded to the STEM Community
website, this is a forum for STEM educators where resources and discussions on chemistry education
are shared - STEM Community.



https://community.stem.org.uk/
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2 WORKSHOP TRIALS AND FEEDBACK

The High School work package has carried out 6 trials with students. The Nuclear Medicine:
Chromatography in Action workshop was trialled at a High School and at the 2 A-CINCH Summer
Schools. The Pyro-Processing: Electrochemical Cells in Action workshop was trialled at two High

Schools. Feedback was collected after each trial to improve the lesson packages.

Hagley High School
June 2022

Summer School
July 2022

University of Cyprus
Summer School

Delivering High |
School Workshops June 2023

Lady Manners School
May 2023

College
July 2023

Figure 1. High School Work Package Trials

2.1 Improvements Made After Trials
During the first school trial of the Nuclear Medicine lesson package, several students encountered
similar issues when using the ISE. To solve this, the ISE instructions were rewritten in the student
workbook to be clearer and an experiment trouble shooting section was added to the teacher guide.
These improvements made a clear difference during the second trial of the lesson with students able
to conduct the experiment with greater independence.

Feedback gathered from a teacher on the first draft of the Pyro-Processing lesson suggested that the
theory covered in the lesson was too broad and complicated for one lesson. The lesson was then
stream-lined to be more concise with content on balancing half equations removed. Conversations
with students during the first trial of the Pyro-Processing lesson indicated that students wanted more
discussion about nuclear power during the workshop, based on this, an extension activity was added
to the lesson that encourages students to consider reasons for and against a closed nuclear fuel cycle
and to discuss what they would like the energy supply of the future to look like. This extension activity
was positively received in the second trial of the lesson package.
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2.2 Student Feedback

93 students have taken part in the A-CINCH high school workshops across the project, each of these
students was asked to fill in a feedback sheet after the lesson. 99% of the students found the
workshops interesting and engaging, with 98% agreeing that they had gained new knowledge and
skills. 90% of students were interested in learning more about nuclear chemistry after the workshops

and 76% of students agreed that the workshops had made them consider a career related to nuclear
science.

IMPACT OF THE A-CINCH WORKSHOPS ON STUDENTS

B Strongly Agree B Agree M Disagree M Strongly Disagree

THIS ACTIVITY HAS MADE ME CONSIDER A CAREER
RELATED TO NUCLEAR. LS ole 1 :

I AM INTERESTED IN LEARNING MORE ABOUT
NUCLEAR CHEMISTRY.

41 43 8
| WOULD LIKE TO ANOTHER ACTIVITY LIKE THIS. 46 45

| HAVE GAINED NEW KNOWLEDGE/SKILLS FROM THIS 36 55
WORKSHOP.

II

| FOUND THE WORKSHOP INTERESTING AND 52 40
ENGAGING.

AFTER THE WORKSHOP, | HAD A GOOD 27 66
UNDERSTANDING OF WHAT NUCLEAR CHEMISTRY IS.

Figure 2. Student Feedback

2.3 Teacher and STEM Ambassador Feedback

Ten teachers and STEM ambassadors have been involved in the high school workshops and have
given positive feedback about the lessons. The teachers felt the workshops were excellent resources
to show the real-world applications of the chemistry theory they were teaching. Most importantly, all
the teachers and STEM ambassadors strongly agreed that they would feel comfortable delivering the

workshops independently with the resources provided.
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TEACHER/STEM AMBASSADOR FEEDBACK

B Strongly Agree m Agree M Disagree

| WOULD BE COMFORTABLE USING THE
TEACHING MATERIAL PROVIDED TO RUN MY
OWN LESSON.

I THINK THE WORKSHOP WAS AN INTERESTING
WAY TO SHOWCASE HOW CHEMISTRY CAN BE
APPLIED PRACTICALLY.

THE WORKSHOP WAS EASY TO DELIVER WITH
THE RESOURCES PROVIDED.

I THINK THE CONTENT OF THE WORKSHOP WAS
PITCHED AT THE CORRECT LEVEL.

Figure 3. Teacher Feedback

CH@)
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3 CONCLUSIONS

Two completed lesson packages have been developed titled “Nuclear Medicine: Chromatography in
Action” and “Pyro-Processing: Electrochemical Cells in Action”. Six trials of the lesson packages
were carried out with 93 students and 10 teachers/STEM ambassadors taking part in the trials.
Feedback from the trials was used to improve the lesson packages. Overall, positive feedback was
received from the trials with 98% of students agreeing that they had gained new knowledge and skills,

and 90% of students interested in learning more about nuclear chemistry after the workshops.

Comments from teachers reflected positively on the fact that the workshops were excellent resources
to show the real-world applications of the chemistry theory. All teachers and STEM ambassadors
who took part in the trials strongly agreed that they would feel comfortable delivering the workshops
independently with the resources provided. The resources have been uploaded to the CINCH HUB,
to NNLs Outreach database, and to the STEM Community website to allow for future use of the

resources by teachers and STEM ambassadors.

10
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ANNEXES

Annex I: Article From Lady Manners School Workshop

Lady Manners School
and Sixth Form

CONTACT US MENU —

We were delighted to welcome Joanna Bland and Cicily Hillebrand into school
to deliver a nuclear chemistry workshop to our Y12 chemistry students. Joanna
who is an chemist (and an ex-student of LMS) and Cicily who is a chemical
engineer delivered an extremely engaging session involving the chemistry of
nuclear fuel processing. The techniques that they are working on have the
potential to make nuclear energy generation a more efficient and sustainable
process with a greatly reduced environmental impact and the students enjoyed
applying their understanding of chemistry to this new context. They were also
very interested to learn about the career progression that might be expected
from working in the chemical sciences and engineering and our visitors gave
lots of useful information about their route into these areas and how they see
their careers progressing in the future. A huge thank you to Joanna and Cicily
for such a rewarding afternoon and well done to Y12 chemists for the positive

engagement and many insightful questions that were asked.
Mr Edge

Ty } w ‘i

1

el |

Y

11
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> Pyro-Processing:
Electrochemical Cells in Action

Objectives
= Understand the nudear fuel cyde and hoa
mudear fuel generates electriaty.

= Explam how pyro-processng canbeused o
create a closed bop rudear fuel oycle.

= Irvestigate electrachemical colls and how they
can be used in pyro-processang,

= Conduct an experiment ta demonstrate an
elecirdytic cell.

Pre-Lesson Preparation Activities
= [Read through the teacher guide.
*  Printstudentworkshests.

*  (hedk the link to e nitmductory
widea warks.

» (ollect squpment for the
experime nt.

Fastracts

Sulbyject: Chemistry

Age range’ 16-18 years aid

Teadcher preparation Hme: 20 miniles

Lesson time required: 1 haou
ILonchlti ot 5 e LAk

Overview

'When uranum rods ane used as nuckear fuel, ey
underga fission ta produce energy. However, fisson
only accursin a fraction of the ursnumin the rods,
S5 of the rad remairs uranium. RByro-processng
uses an electrochemical cell to recyde the valushle
uraniumto create new fasrods

n this lemon, students willl understand how pyra-
prcesang can beused o aeate a dosed nudear
ful oycle. They will then inwetigate redm reactions:
in electrochemicall cells and how this enables ryro-
processng Studen s will conductan electralyss
expeniment usng copper (1) wifte ta demaonsirate
an electmchermical coll.

& studert warksheet provides the experiment
imstruction s and hes activities. forthe students to
test ther knowledge on redax reactios.

Annex Il: Pyro-Processing Lesson Resources

> Pyro-Processing:
Elactrochanial Calls s Acion

CINCH®)

Materials & Equipment

#  Computer and projectar or smart soreen for the teacher ta display the presentation.

«  Experiment equipment set far eweny 2-4 students. &g af Capper (1) Sulfate, 150ml Water, Beaker, 2
Carban/Graphite Electrodes, Twa Cracodile Clips, Taea Wines, OC Power Supply.

= Pyro-processing experiment risk assessment.

= Teacher handkook.

#  ESwdent worksheets jare per student].

——
Lesson Plan
Activity Durztion
1.'Welcome and lesson objectives &
2. Pyro-processing amimasted videa &
3. Theory and introduction to expenment. 1o
& Carry out the expenment. 25
5. Student worksheet activities. i}
&, Round up and class disoussion. &
Total Duration &0

AUGMENTED
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Lesson Walk-through

Elacivachamia | Calls s feifion

1. Welcome (Slides 1-2)

What oo your B of wdven pow beor “nuceer demisiry? Nedlear chemistry is used for many purpeses
g medical & diagr

Taday we will be looking ak the nudear fuel cycle and pyro-processing. Provide an averview af the leaming;

dating of fossils, defense and energy genaration.

ahjectives. Hand out the student worksheets.
2. Pyrochemical Processing Animation [Slide 3§
Fay the video to introduce the |eszan:

= Pyrorhemical Processing: A Sustainable Sclution for Nudear hitps:iouty befwEbA-z752 70

3. Electrochemical Colls and Redox Reactions Theory {Sldes & - 6}

Slinter 4 There are twa different types of electrochemical cell = slectralytic and galuanic {valtaic) cells in an
electralytic cell, electrical energy s used ba drive a nan-spantansous chemical reaction to ocour. [k requires o
source of electrical energy. Ina galvaric coll, the chemical reacticn happens spantansousty, and the energy
released is comeerted to electrical energy. This means galvanic cells can be used as fusd cells.

Pyro-processing uses an elsctolytc et sl the cell cicust requine on slertrivo! poser sopnly? Yes, slectmobytic
cells reguire a source of electrical enargy.

Slide 5 Electrochemical cells use redox reactiors. Every coll has two electrodes, one positve and ane
negatie.

The positive electrode is called the anode. As it is postively charged, it attracts negative ions and can accept
negatively charged electrons. The negative ions lose electrors at the anode. Whot type of neechion are e jors
By through & hhey ove fosing elecirmns? An oxddation reaction. Talk through the half equaban far the anode,
the chiorire is losing electrors.

The negative electrods is called the cathode. Os it is negabvely charged, ik attracts pesitive ions ard can
danate electrons. The postive ians gan electrans at the cathode. Wit fype of reaction ane the Jors going
Ewough i they are goinieg electrnns? A reduction resction. Talk through the half equation at the cathade, the
sodmum is gaining electrans.

Remembser 0L RIG, avidation & a loss and reduction s a gain [of electrons].

Slige &N pyro-processing we wse an electrolytic cell where we heat upa salt midure untilitis a bguid soluent
and then simmerse a basket of waste nuclear fuel i it The liquid salt modure bes o be able to dessclve the
waste rudear fuel,

The basket becames the anode which i the positively charged electrode. The other electrode & the cathade
which &= negatteely charged. Ay negatively charged ions will move towards the positive anode to lose

electrans ard become neutral, Any pasitively charged ions will mowve towards the negative cathode ta gain
wlectrans and berome reubral.

12
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Where are onfoirtion reattions toking ploce v this 0el? At the pesithve anode where ons are losing their

wlectrans. Wiere one reduction reqchions toking phace in this celf? At the negative cathode whera fons are
galning electrons.

The electrans mave fram the negatively charged ions, to the ancde, across to the cathode and then ta the
pasitively charged wans. In pyo-processng the useful matenal in the rucdear waste desclves into positve
ions which moue towards the cathod e to be redured. Once they collect an the mthade, they can be remaved
and farmed into new fuel.

&, Introduction Te The Copper i} Suifate Experiment (Slides 7-5]

Slice 7 |0 school we can't demon strate this experiment with nuclear waste. Somstead, we are going ko look
at a similar eample that uses copper sulfate. We are gaing to set up twa electrodes and connect them with
a power supply. fs the electrical current is appled, ore electrode will become the positive anode and the
ather will become the negative cathode. The iors will collect at each slectrode depending on ther charge.
Let's see if we can wark out what will happen.

Slicfe & | auwr expeiment we will be uwing agueous copper (I} sulfate solution. Copper (] mears that the
copper ion has a positive 2+ charge. The copper ion will gain taa electrors to became neutral. it will become
a solid.

s this o redurtion or oxidotion rectian? The copper is undergeing a reduction reaction because itis galning
electrans,

What vV we expert to see i the evperiment fo know Hit s necechinn hmken piece? The copper show|d collect
on the negative cathode as a solid.

Slicfe 5 Tak through the espermental sehyp. The esperiment procedure is explained in the student
waorksheet.

5. Running The Expessment

Divide the students into groups of 2-4 ard allaw them ta callect ther experiment equipment. Please read
through the expeniment: rsk assessment.

Thereane several wargs af securing the graphite electrodes, you can use retert stards ard clamgs or they can
also be fixed usng Blutac onto a small strip of wacd resting on the top of the beaker. Explain the opbian yau
choase to the students.

Students are tald ba clean the graphite electrodes at the end of the experiment with emeny paper.
&, Experiment Teaching Notes
Studerts should see a deposit of copper farming an the cathode. This will often be powdery and uneven.

= Bubbles of gas {oxygen) are formed at the arode.
= Cathode reactiore Cu™ g + 20— Cuy

& Annde reaction: 2H;0p == Do & 6H g, & e

= With carkon {graphite} electrodes, the

AT OSAL MIFCT
n R

.“":. -
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7. Student Worksheot Exercises

¥ the students camplete the experiment early and have deared wp, there are exercees in the student
warksheet an electrochemical cells and nuckear chemistry.

8. Class Discussion

«  [hd the experiment go as expected?

= Wiere our predictions about capper callecting on the cathode conrect?

+  Where would the sulfabe ions move toin the beaker? Towards the anode as they ane negebively
charged.

= Wity is pyra-processing useful far the nudear fuel oycle? it aflows us fo sepanmte valuahie vroniom fiel
from waste spend fuel This means we con recyrie mucksar fivel from reactars and cremte o chsed meclear
el cyche. Less uranium would frove ko be mieed and nutiear energy wowld became mane sustoiooble ang
produce less woshe:

3. ORTIONAL IF THERE |5 TIME
& Display the videa:

= Nuclear Power and Climate Change {2 minutes, 30 secords] bt fy oot be/j0k3 BSHTrSS

This wdea explams how nuclear power can complement rerewable energy sowrces in the trarsition toa
law-carbon energy future. After the video, decuss

= What s the issue with just using renewable energy sowres such as wind, salar & tidal pawer?
= Why would we wank tn develop a daosed nuclear cyde?

= Can you think of any reasons wiy we wouldn’t develop a closed cycle? (Answer: Expensivef)
e [fitwasup to you, would you wank a dosed or an open nudear fuel oyde?

B. Spiit the studerts into growps and get them ta corsider the fallowing scenarias:
> If you wene designing a new rational energy grid, wiich energy sources would you use?
> Bn energy company wands to build a nuclear plankin your bown, will you support the: buld?

Ak the groups to share their deosiar with the class and explain their reasoning.

L. sk students to complete their student warksheet exeroses. This can also be complebed after the
leszan as a follow up.

Air sddibanal lesson “Nuclear Medicine: Chramatographsy in etian” can be faund thraugh the &-08CH

praject website: httpe wiww.cinch-project eudinks ar by searching the STEM Leaming Community
website: hitps!foommunitystem.argukd

I

HATIOMAL MM TEA
i I
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REprOrEriang Sheps Lite [Recycing Fuel
B Pt b
‘o e
1 T
o 4 Coimeriben s —
ikt b Burm >
m Unanium Cow inta
‘Valuabe Fuel B sl Prcseduec tion
Disporsd of Spent .r
L
A4

BAining Lirmmsem Ore
Across 1 Copper Dorwan 1 Cathade
Across 2 Rencrwable Divaan 2 Anode
Across 3 Reduction Dovaan 3 Hectron
Across & Donars: Dovan & Pomitive
Hcross 5§ Pymoprocessing Dorsan 5 Cycle
Across & Increasas Dioraan & Chriciaition
Bcross 7 Lrarium [Dirmn 7 Bhuclear
Across 8 Fiecoe Do 8
BAcross 9 Negative Dovaan 5

Dovan 10
Do 11

AT
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STUDENT WHNRKEDOH

PyrnsPro

Pyro-Processing:
Electrochemical Cells in Action

Ak s 2 e are s oo puciear Fusl, Sy usdeng e b prodsos ey Hossess, oo
maly cizum in & hadon of He uranim in e ods, 55% of e od - P ]
L ool bz separats He bk e sranesm

Frar recgeiing,

Expirimestal Procedure

Laciads Aabis-

Lol i fo otach
decr'n I wdecincien

Shvwe- rapak setio 5

Lappesl hafiate

I gui prressi:

Lirar artange DL mazphy 3-8 1] - Mmm

Twn: s = A Copper 0 Sufats

Twnerommdie chizn = 0o Water

250 o " bsalomr = Grall pece of mmery paper

250 em e eyl s Serrall winp of wned & Bloka/Sete rfshand &
SeatulaStmer clarzy

Carny suf the paperimasi:

. Plxe 3 carba

Petonyareg waar
M Sy of Copzer (1] Sulbabe b vour Beaker,

A 150 e o Water b He beaker and s un bl all B sl md nschesd

Ee beaker ard oo pnect

bp ba the hop of mach fou
e rebart shands ard darmps, o osecuss youe

ey T s
.

mury peed nuse weorsd ared

Eectrodes g laoe.

. Lo w2 aTU T A Ssoriy and

B. Addamre boeach cooosie oz, conrect one b the prsbses o et and ore o Bve negatie mist

7. T Eae pwer s opple o SetHhe supsly ke By
0. Carot bk the dign whi b i
4. Clrwsres He Ermany g arae o e 1

B IFthe schation sharbs Bebling vigoecushy, reduse e sckage unti the bubbing shym,
1. Orce was haee chrveresd ul ohs calbechag: labogd 5 mimsd, bamoff Se posses sspply and unsluy &
U Wk oy ebecrodes i ool befoee hosching Heem orues bt nesesbant goee,

Uk Bernores Hes wc b o the skechods e B ey pagoer and diear sy posr sqapment.

Dosenations

s Dwd one of Bta F

= Tow ol collchiag, oo the slectecSe m He sbamaat

= Tar tha charged
s Tas i
[Build A Closed Nucear Fuel Cycle

= Droar o bebwmen thie o bowong wimsy b buiitla ciooed rcisas fusl ceze:

a Eﬁ 1
EpHe puibag Weps Lk acyuiing fusd
P Frisrieg o - A
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Pyro-Processing: Electrochemical

Cells in Action

Electrochemical call

Activity experiment — electrolysis of | Demeonstrator(s)

copper (11) sulfate.
Date Venue
 — _ Audience 1&-18 year olds
Drganiser

The students will carry cut the electrolysis of copper (1) sulfate solution to mimic the
Activity electrochemical cell used in pyro-processing. The experiment being carried out is

Description | part of a lesson that teaches students about the chemistry invelved in a closed

nuclear fuel oyce.

Hazards

Chemical hazards (copper (I1) sulfate)
Mild corrosive to metal surfaces, Chemicals have the

potential to causs irritation or damage to skin and eyes.

Chemicals have the potential to cause irritation or
damiage if ingested. Solid copper (II) sulfate and
concentrated copper {I1) sulfate solutions are toxic to
aquatic lifs.

Electrolysis of saltwater

Risk of an electrical issus that potentizlly could causs
burning, electrocution or damage to slectrical devices.
Electrodes have the potential to heat up, this runs a
risk of burning the user or potentially start a fire if
using carben electrodes.

Electrical hazards from benchtop equipment and
instruments

Equipment can suffer ingress of water leading to
damiage to equipment with the possibility of
electrocution. Equipment can be damaged leading to
exposed conductive materizl with the possibility of
electrocution.

Control Measures

Clean up equipment for spills is
availabla.

Eye wash stztions are in immediate
vicinity.

Appropriate PPE is worn (induding
safety glasses). Lab coats and gloves
may also ba worn,

Equipment to be inspected for visual
faults.

Dilute and dispese of copper (1)
sulfate appropriately.

Experiments to be carried out in a
well-ventilated space.

Electrolysis equipment to be turned
off until use.

Electrodes should be left to cool aftar
the experiment is complete or heat
resistant gloves should be worn
when handling electrodes after the
axperiment,

Equipment to be inspected for visual
faults.

Low voltage/current equipment is
used, zll equipment is stored away
from water supplies.

Equipment to be inspected for visual
faults and to ensure PAT lzbel is in
date before work commences,

ALUGMENTED
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Hazards

Manual handling

Operators suffering sprains, strains whilst moving
or carrying vessels containing reagents,
instrumentation items.

Glassware hazards

Operators could be cut or laceratad by broken
glassware. This could also result in damage to
ayes from shards/projectiles/glass splintars

Slips and trips whilst performing experiment
Slipping on spilled liquids or tripping on obstacles.

Control Measures

CIN

No heavy lifing is involved in experiment.

Appropriate PPE is worn (induding safety
glasses) and equipment provided to dean
up broken glass without directly touching

the glass.
Broken glasswars is to be swept up
disposed of via glass bin.

Appropriate footwear and clothing are to

be used to minimise slip risk.
Spill kits and wet floor signage are
svailable in the immediate vicinity.

In addition to the above control measures, the following standard safsty requirements should also be

in place:

* The demonstrator and any participants should wear appropriate PPE at all times, This PPE should be
checked to be in good condition, of the correct specification for the hazards in the activity and

appropriztely CE/UKCA markad.

* Appropriate ventilation and hygiene facilities should be presant.

* Minimum guantities and concentrations of hazardous substances should be used during the activity.

* Appropriate neutralisers, such as eyewash bettles, should be available.

# Appropriate fire extinguishing equipment. according to the materials presant, should be pressnt.

Signature:

Print Marme:

Date:

AUGMENTED
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Pyro-Processing:
Electrochemical Cells in Action
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M  Learning Objectives

* Understand the nuclear fuel cycle and how nuclear
fuel generates electricity.

+ Explore how pyro-processing can be used to create
aclosed loop nuclear fuel cycle.

. Irrl.n:stiﬁatl: electrochemical cells and how they can
be usedin pyro-processing.

+ Conduct an experiment to demonstrate an
electrolytic cell.

®m  Types of Electrochemical Cell

L ]
. v
®  Introductory Video
3
v L ]

There are two different types of electrochemical cells — electrolytic and galvanic.

Electrolytic Cell Galvanie/Weltale Cell
Changes electrical energy into a chemical reaction. Changes chemical enargy intoelectrical enargy
Non-spontanenus reaction oeCurs.

Requires anextenal voltage sourca.

SpONtaneous reartion oCours.
Does not require an external voltage source.

Pyro-processing uses an electrolytic cell, will the cell circuit require an electrical
power supply?

Yes! Electrolytic cells require a source of electrical energy.

—
P — CINCHE)
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M Electrolytic Cells

have two electrodes.

Positive Electrode = Anode

The anode is positve and accepts
electrons. Megatively charged ions
lose electrons at the anode. These
ions go through an __Oxidation

reaction at the anode.

2C1" — Cly+ 2e”

v

Redox reactions take place in electrolytic cells where electrons are transferred
from the reducing agent to the oxidising agent via an external current. All cells

Negative Electrode = Cathode

The cathode is negative and a source
of electrons. Positively charged ions
gain electrons at the cathode. These
ions go through a _ _Reduction

reactionat the cathode.

Na®+e~ — Na

AUGMENTED
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S CNEH®
5
. . . v
M The Electrochemical Cell in Pyro-Processing
Elactric current
applied """'---..._,____h . Cathade
Negativaly

VN
= b

Oxidation

charged eledroda

Liquid salt
mixture as tha
solvent

Reduction

CINEH@

.
v
m  Copper (ll) Sulfate Cell
Electric currant 1
applied I . I Graphite
Cathade
Negative
Charged
° ° S Copper{ll} Suffate
Solution
Oxidation Reduction
i e CINGH@
7
L

®m  Copper (ll) Sulfate Reactions

We will be using agueous copperfll) sulfate solution.

Cult +2e” — Cu

(g =1

Is this a reduction or an oxidation reaction?

Reduction

What do we expect to see inthe experiment? How will we know the Copper is being reduced?

The coppershould collect on the negative cathode as a solid.

S TR CECE AT I I, 3l TR, I TARMAAT 30 MR rTy

CINCHE) -
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==

. v
@ Experimental Setup
| Graphite (Carbon)
Cus0, <-] Elactrodas Power Supply
Copper (1)
l Sulfate l l
Solution
—_—

9
]

- v
Visit: National Nuclear Laboratory (nnl.co.uk) to learn more
about the work that the UK's National Nuclear Laboratory does.
Visit: Augmented CINCH: Augmented CINCH (cinch-project.eu)
to learn more about the A-CINCH project.
Visit: https://community.stem.org.uk/ or https://www.cinch-
project.eu/links to access a lesson on Nuclear Medicine:
Chromatography in Action.

10
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> Nuclear Medicine:

Chromatography in Action

Objectves

Fecap of afomic s Tuciung and isclopes

UNaars End what is meant by racioacis
dacay and half-lhes

[

wmsdgang ha thaory bahind chiomamgraphy

Condit a virual columinchromatography

wpai mant 1o produce a madical radiol stopa

Explora haw radiois Mopas can be wsad in

nudgar medicing w diagnose and irata

uariaty ofilinacses

Pre-Lesson Preparation Activities

Read troughthe wacher guics.
Ensiig acoass 1o

COmPUTes Naptops

Print studant workshaeis
Chack tha link to the ui dad {yos

Ty N 10 U Googla Chidima of
Microsodt Edgal

Chaack Tha link 2o the dirmiual lendab.

Teadher preparat lon tim ke

Lesson Gim e neguined:

Lozt on 1 Classroom

D W

Each yeaar, tans of miliens of Bues e Ssd by
nudear medidne pocadures which use mdicacive
isotopes (radioisownpas) To dagnesa and Taatawide
uariany of Ines a5 BHe Canoar, Candiou s oo dkamsa

andbrain diserdars

Inthis ksson, studens will conduct ayirual clumn
chiomamgraphy axpadmant 1o podecs Tium-90
(B0, an imporant raditisetops hat can be usad w
me materids can ba

T liwar cancar. Padk

dangaraus whan handled improperly, and tharafors
s G [ TR TS T Bl (e R FOITa .

'Woiking insmal groups, Sadenis il aaplons how
other radicotopss can bausad in nuckar madidne,
racognising the imporance of sekcling sWmble
chamical and radicacive proparties for Giffarant

ATIOHAL e ..f} -

applations.

Annex lll: Nuclear Medicine Lesson Resources

CINCH@)

Chromaiogaghy inAckio

HMatzrials & Equipment
»  Comguter and pro@cion of sman scranfor the tacha o display he PowarP eintand lenlab.

»  Computers or athar dadces connac ad o ha Inarna? for he Studants 1o condudt tha lenl ab
Ingraciive Soraan Exper mant One dedos neaded for @uany 2 -4 siudents (chack the intarnat

browser & compatible with bnlab)
#  Taachar hanchaook

®  Studant weorksheds (one par studend

——
Leszon Plan
Activity Dwration

1. Walcoma and lesson objoctives 5

Z Huclear medcing animated vidaa 5

3 Introduce SEudenis b0 this lnlad saparimen: 10

4 GEaft thi lanlab osparmant

[Mote: the speriment takes 30 mins to complkde. Onoe sat-up, continue going thrugh 10

thia comtant bist chock an the sipesimant |

S Check an the exparimant - inject “Se/™Y solution into okumn

& Understanding thi sckince befind the aspaimant 1a

T Check an the ssparimant - change nitric acid concenbathan

B Modical ndinkobopes - team task 15

& End of expesimant - dass di soussion s

Total Duration &1

ATIOHAL e .f:' -

2 Nudlear Medicine:

[
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> Nuclear Medicine:
Chrormaingrapiy indcson

Iyl v 0 STEM ambaesdor, g a bl ntroduction to yourses, Proide an awendew alwhat the sludents

willl B doing in today's lessan and wihat the learning objectbes ama. Hand out the student werkshests which

contain banks for the studants te Rlln.
1. Nuckar sadicine stroduction (Shda 3)
Play tha wides, encourage stedents to 1l in tha blanks an page 1 of thair sorkshoot:

#  Nuclear Madicing farm half-les  ta sawing  Wes (3 minutes, 17 saconds]
hitps-fimymedialeeds 2 ubk/Modias fa! Play FHoBI 54 2 7384 L6 asaad S IbS 201330814

Thie i iz niesdad b0 b opaned in Googke Chrems or Microcoft Edge bowar, if itstll does not wark,

ke o Dy MDD/ WML . CO MLSEEE 20753 1 /EODASEBING

3. Intreduting radsactive dacay and colums chismatography (Slides & - &)

Shdfe ds In today's katon, sbudents wil ba camdng out ah orpariment t0 Soparabe Yieriome 90 =¥] froam
Sarortium =50 (5 us r‘gcnlamn:1-umim§-aph¢.*'r’ & an important rad icisotope that can be used o freat
Ihiaf cancer using 3 procadure knoem ag brachytherpy.

Shde 57 is tormed when "*Sr undargees radioactive Bata minus decay (i) 7 ako undergoes @ decay
o fomm ctabbke 2 roonisom -8 0. Bota minus dacay ooours when a radioisotope has too manyg neutrond. Tao reach
a more stable state, ane of the neuirons decays inte a preton and an ekciron. The proton stays within the
niachaus but tha electnon b emitted with 2 lot of anoegy

SNele & Tha: hall-1ite i the tima required for thi decaying Eotopa to Fall to on hall-of its il guantity. *F
B o chort Ral-Bfa of 64 ka s, 5r bhas o Toner ho- B af oraund 29 pears, uhich inataps uosld peu rothar haue
M o Body? Thi short half=lite of Y means that it tan be implanted in the Cander and deivar 2 high dosa
of radiation ina redatisely shiort tima paricd belare being fittared by the ldnoys and passad oot 2 wrind ower
a Mew davs. “Srowould requins a ot more maiteial o defiver a similar radiation dese and can accumadate in

bonas whera it would remain until it had decayad. It would con tinue to dolver 2 ctoady adiation docoe which
could leaud bo bona cancer and cancer of the surounding tksues. it is tharefore very impariant to be abke to
soparate thass beo Eobapes.

SHitd 72 Ak i Stuchads §F By Dovi @i ST Chuamatogranby Defars. F By iows, Wnor b aog AoW does i
wiank? Chromato graphy provides an effacthme method of separating, pusifying and identifying components in
2 mixture. Al fems of Chiomatography woek ona similr principkc thay ll hae a stationarny phass and a
mobie phase. The mobile phaco fhoews through the stationany phase and caries tha components of tha
IR With it

Shde & To separate " from “Sr, we can use a form af column dhramatography. Hare, 2 glass column s
packed with an ahsohant material [statanary phasah and & soluent (Mobile phase) i then added to Lo
tha stationany phaso and wat’ th entira column. The mibere to be ceparatod fog. radicactive solution) i
thian carafilly addéd to th top of tha.column. Tha sakunt is aliowed 1o fun thaaigh tha Cokemn, oty and

> H

AT

a4 WL
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continually. It k important that the column neser becomes dry otherwise it can affact the sepamtion.

s Ui meDbile pha e nurs thoug s the columin, thi comgonsn is of the mixiure separate out as they moye at
different raies. This raie depends on how solubk each compaonent is in the mobike phase and how strongly
it s retained fadsorbed] by Ehe statkeary phase. Componants that edsard stranghy to the stabionany phise
willl takio 2 long tima bo travel down B colimn. Compoenants that are wery solubls in tha mobile phasa will
pass trwough b column quickly. Thesalora, s & irade-oif batwsan haw much 2 component stkoks to the
surliie wrsus how quickly B is washed through by the salvent.

& Start the sxparimant (Shde 3

Divide the class inbo groups of Z-4 studenis and ghe each group @ devos bo Scoess thie lonLad @ iment:
habeeS fibe i rsuni-hannoyer.des’ bes/de Robolabskonlab Himl

Talk theough tha GspariTantal s62-up (S Shiwn abowa). Peist aul tha DO NitL 200 Solwnds wah dfarant
concentrations jmobda phisal, the glass tolumn packed with the mein [stabonary phase), the syringa
containing the mistuns ol “5r7%, tha lide that callects the cutput Fram the columan, the Gaiger countar.

Highlight that this @xpariment uses nitric acid JHNO.) a5 the sohwnt but that there ans bee concanirations
auailabic. The GRoeT N which wio 200 Iheso sONGNES & MOOFtant for sakctivaly estracting **Y from tha
mature of “SaY. Working 35 a class, Shudents will d0%0TmingG thes Gread in wiich 1o 200 tha solents by
asking sss hall & tha £1E8s b Start with 3M HNO,, a5 tha obher half o Start with 0,000 M HRO, [cop
& in ssiperimienital procodure)

"Whilst the studenits are praparning the columa, sxplain what is maant by s backgreund count mabe — Thee
& ofways o fevel of rosobon omend %, Hils & 0 seoswe of g Aol ockgroond radiahion” Poing out the
posiioning of the Geiger counter above the skde to maenitor the radiation of the solution, hence why the
O Matngram Hees COUnts par second ope| on the y-anls s tima.

Tall the students to start the sepaimant and folow the instroctions until step 13 nthair workshaet pack.
Ruamind b bo ke p am oy on e e, they may need o uee o times. Plasse sas page sévn of this guide

for trouble shooting insiructons.

HATIGNA
[
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5. Checkes the expariment

Aiteee Tk Minutes, shatents shauld SStmate the avemage hackgraund Caunt rate by Baking at tha paints an
their data plot [these will be varation, just a rough aueage s finel. Thiy shoukd then dick inject achiviy”.
WWhie students wait fer the Tirst peak 1o buld, step 13, continue with the Power Faint

. ahine tha sxp [SEdes 10 - 13

Shde 70 Insida the column, thers k3 solid lon eachange resin which i the stationary phaso. This resinis
CBated WATh 3 CFIIAN Gther Batad 1an awxhangd Fecin. A crown ethar i an organic Compound mana up of
carhion and aeygen atims Connpctsd to fanm a ring ThEta COMPOUNds 3re ENOWN 10 ha vary Selactha
towards carfain elements, based on the size of the ring. I this experiment, the 50" cation is the perfect size
o 1it the diarsetar of the cown ather.

Sl 4 Hioevar, the Crosn ek b illondy rerain S in highnitn c acd concantrat ons wihen thane am anaugh
mibrabe ko in sodubkon to fomm the stable comples shorem aboes. The nitrats lons trap tha S in thia ring,

The retention factor (B isa maasusrs of the Eime the analyte companent (=Y or “Sr} resides in the stationany
phaise relative to the tima it resides inthe mobike phase. Fihe anabte reskes main by in the stationany phass,
than B large. IF the analite resifes in the mobie phase and medooes quickly thiough the lon eschangs msin,
Ryimsmall

Lnoding at e 2 weises for the o\ffaresd cancen froian af st achd and Se'F, wikeh comcantration mil tnap the ™57
At & highar concentration of ninc oL, the ep his & Righ I, which means & i strongly absorbad by the
stationary phasa. At e concentrations (20,01 M} bath " ar “Srit will readily pass theough tha column.
Shde 12 W we have a pood separation, we shoukd see Two sepammabe peaks. Thi fist peak whan =Y preses
through, then the sacond peak when =Sr passes through. Wb ks they sl get fis crromadogrem?

WU oo should wir oo Bve sofvaods fo gt bwo peaks? By starting with 3 &l HNO,, the column should retain
*op fhagh M) and allew =Y Jow Ry to pass thiough giving the first peak. When we change to 00007 M HRD,,
the ol ne knger rataing =5r 5o we should seea second peak appear.

Shde 1310w hanee 2 poor separation, both *“Srand *Y will pass cutat the same time ghing a singdar peai.
W hiods iy el gat i chromotogram? B you started with 3.00031 M HNO, the R, i low Tor both specks
and tharetors thesy Doth pass through the calumn ot roughly the same rate. dnly ans peak wil appear.

T. Chisck as the éxpariment

Swdents should chack wiwthor the first peak in thedr chromatsgram has droppad back down to tha
backgraund count rabe and than changa the concentration of the ninc 2cd. Whils they wait to soo if tha

second paak will appsarn, continue with the medical redoisoto pes team task.

HATHGNA
[

Fir tha et aCCaity, 355 Frocps of Studnis ana of tha Medcal Adisotop s [am the It hake:
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8. Madical radisisobopes - lnam lask

@ Technetium-2am {gamma amittar, t = & hioirs, used for diagnosis)
@ heding- 131 {iata and garmma omitten, e Bdays dagnose wred tréat cancers of Ehs thsro i glard)
- Hnnnn-‘|33|hntaandplr|rnwnlﬂw,ﬁ = 57 days, study lung funciion|

Using thedr winrihooks and the internat, tha growps haue 10 minustes to invwstigate how this adiscotops i
used n nuclear madicing and facord thesr fndings on their workshoot Tha aim of this ceancse & to
damansirate the meortande of hatf-like and radiation type in selecting o suitable radioEoboos for meadical
applcatirs R
APtps 10 ManULes oF (S5Each, BRir L the grougs and get tha SEudents T £nare the racults of their fasaarch
with gach ezhar:

= gk the studants to describe thidr radcisetope, hal-lite, radiation type and =e madical uss.

®  Agk tha SIUORNES DO COMPanG the dffarent raciokatopss with each omhar and COnSider tha

IMpOrtance of half-ife and radiatien typa Tar madical applcations.

2. End ol axgarimant = class discussion

AEH Ehe studants i0 cfedi iF Uhir S400Md peak hat sy 0001 M HRD,, thifa
should ba no secord paak). Dick on Togaut and i’

Diccuss with tha lass tha falaiwing about the srpaimant:
® b tha chromategram profile what thesy wars arpacting?
®  WTialharards and aSsocibed with this s pesimant, partioulany I ey wans conducting a live nuckar
exp@rimant?
= How would you improve ithe design of the experiment?
= Youcan ask students o descrbe o draw a skeich of their chremaogam an ihe whitsbeard

A0, DPFTIONAL IF THERE IS TIME

&gH Sludants to complote page fow of the workshost to chack Cher undessmanding This ¢an ako ba
cormipbeted aftar the lessan as o fallow upif desined

OR Esploraa rangs of videos on ruckar caresrs an the A-CMOH Hub: Fitt pec ! wisss cired b -projecteslinks

An additional lesson "Pyro-Processing: Ekctrochemical Calis in Action” can be faund through the &-CINCH
‘i we bsibe: Difips: Jinucwik comsserises! o Dy searching tfwe STEM Learning Community wedeiia:
tbgs: ! comimunity. stam org ks
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Tha Boalla b i St apaning. [y Soing Fgle theome o MCUSHt Dfc 05 pOur B
nstend of plemet axploe

M SaNa poists ane buing raconad of my data phat. G 201D the aessuasanl b and
check that the swosweneol o & sof (0 2600 seconds aod the covetng el o 10
SeToRdE Chiek thof pou howe clickesd SEUT smosusmnrt If pou howe cicked Teser Dota"h
il Lok 3 Wb 1 SET (BNing DR,

Hget a paak straight avay mstaad of measeieg tha backgrowsd oswest raw. Mo how
Arabably clicked M TWeT JiDAy” DU R 5200 FRSINT e et l By admdng e
HWEbOOpE 00T Dk TRCT SCnely” wold step

I haue oaly got ona paak. Doo T wory JF pou storded with Q0007 & AR, fom sl 2
these should be oo second peak ¥ou owst use 0 Song cooceobobon o ol ocd 0 setak
the SRt o thi Lol

N Ray it amy paala Mo Sghnhow AR 10 SN TR SOy, Bobock and chigk
that poo howe followed o) the pstuctons

By camaia Haad e’ workiag. Mo coo by swogokg bewair I sov fthe s § foog the
£OM0ETD & BOF ESEEDBD) I th Sxpedenl O0d U SO0 SOOY 00 MERGT X

U e Wb Baiad 13 Bkt Wik Bl ool DAY Fai. Thit Boskproeod Sounlr it s o
mwoswe of the amouat o bockgeowed sodiotion o the loco) eodcooment To colculate the
bockgeoand coual Ak Qe ANLRE Ihe Sxpemenr fir e minulis, Jook OF th J050 pont

Py ~,
Amswers to Fage 11
(1) Protons 16)  Separate
2y Heutrons (5] Purity
(3 Unstabie (5)  Identify
14 Time (9 Solubility
{5y Hailf {10) Retention
R A

o N

."I
&0 Ihe 2089 plor and mord the Lounr 26 {-0kE) thal hist ORI Mkl of no:mu/

STUDENT WORKBOOK
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Nuclear Medicine

Nuclear Medicine:
Chromatography in Action

Key Vocabulary — Fill in the blanks using information from the video & PowerPoint.

Isotopes

Isotopes of an element have the same number of but a different number of

B g (radioi )
A radicisotope is an isotope of an element that has an nudeus.
This causes them to changes in the nucleus in & process known as radicactive decay. In doing

undergo
50 they emit radiation in the form of alpha, beta or gamma |z, for ¥ or 2 combination of them.
Alpha particies (o)
An zlpha particle is made up of two protons and two neutrons, like a helium nucleus ([ $He*' ). Alpha
partidkes are relatively slow and heavy; this means that they interact readily with matter and lose their
energy very quickly, over a short distance, Alpha partides have little penstrating power and can easily
be stopped by the first layer of skin.
Beta minus decay (B-)

Beta minus decay occurs when a radicisobope has boo many neutrons. To reach a more stable state, one
of the neutrons decays into a proton and an electron (o ing charge and fenargy). The proton
stays within the nucleus but the electron is emitted with a lot of energy. This high energy electron is
more penetrating than alpha and can pass throwgh the skin, However, it can be stopped by a thin sheet
of aluminiunn (aluminium = 2,710 kg/m®) as this is denser than human flash (approcdmately 985 kg/m®).

‘Gamma ()

Gamma rays represent energy in the form of an eledromagnetic wave, the same as light but with a lot
more energy. Gamma radiation is highly penetrating and can enly be stoppad by thidk andfor danse
mzterials, for example lead (11,343 kg/m3) or thick concrete (similar density to aluminium]).

Halflife (t..)

The required for the decaying quantity to fall to of its initial valus,
Columnn Chromatography
Chromatography is a technique used to and

components in a mixdure,
The rate at which a substance travels through the column depends on its in
the mobile phass and its by the stationary phasa.
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Experimental Procedure

Open the virtual lab http:/ fibe.irs.uni-hannover.defibes/ de/ Robolabs/ TonLab.html

Camera ] Sam——

ClNcv®

- 1®Mlab

Prepare the column

1.
2
3.

. Set up your

DO NOT dick Inject Activity (H) until step 111
COpen valve 3 (a) to start the experiment.
Set the solvent flow rate (b) to 2 mifminute.

. Select either valve 1 or 2 (¢, depending on which vahe your teacher has asked you to start

with, to add the solvent HNO:. Record the valve here: Valve with = concentration of
M.

. Click on "start solvent pump” (d) to begin pumping the solvent onto the column. Use the camera

feed (2] to check that the pump is rotating.

eters by going to the tab (f). Set the
measurament time to 2400 seconds and the counting interval to 10 seconds (this is how often
the Geiger counter will record the activity), Click on "start measurement”.

Allow the solvent to run for 5 minutes to wet the entire column. If you have esxdra time while
waiting, start filling in page four of this warkshest.

CINER®
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Separation of °Y from *'Sr
9. After 5 minutes, estimate the average background count rate by locking at your Data Plot ()

anvd wiriting down the count rate that best represents most of your data points .
10. Stop the solvent pump (d).

11. Click on “inject activity”

column,

{h). The syrings will administer the “Sr™ solution into the top of the

12. Start the solvent pump (d}, Check that the measurement table is being filled.

13, Allow the first peak in the chromatogram on your data plet to build wp. Let your teacher know
you are ready to find cut mere about the experiment.,

14. Onice your first peak has returned to the background count rate, it is time to swap solvent
concentrations. If you selected valve 1 in step 4, open valve 2 now or vice wersa, Record the
vahe here: Valve with = concentration of M.

15, Allow the second peak to build up and return to the background count rate. Whils you wait for
the peak to build, continue with the medical radicisotopes task on the nest page.

16. After the second peak has been recorded, if there is one, the experiment is complete, If you
wiould like to, you can email the data and logbeck o your school email address. Click on “logout
and exit’,

Observations

Draw and label a sketch of what you expect your chromatogram to look like.

CINCH@)
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Test Your Understanding
Q. Calculate the number of protons, neutrons and electrons for the isotopes of potassium.
g g g
Protons
Neutrons
Electrons

Q. Calculate how many protons, neutrons and electrons there are in *5r, *7¥ and *'Zr.

“05r Ay “7r
Protons 38
MNeutrons 52
Electrons 38

Q. In your experiment, which component is the mobile phase? Which is the stationary phase?

Q. Why is it important to wet the column at the start of the experiment?

Q. What is the correct order for adding the solvents and why?

Q. What is the problem with storing =Y for too long before using it?

0. What does the retention factor (Rs) describe?

«  CINCH@
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Medical Radioisotopes — properties and applications

Which medical radicisotope are you investigating?

What is its half-ife?

What type of radiation does it emit?

How is it produced?

What is it used for?

Describe at least one benefit and one disad

of this proced

CINCH®
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Nuclear Medicine:
Chromatography in Action
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m Learning Objectives

* Recapof atomic structure and isotopes.

* Understand what is meant by radisactive decay and

half-lwes.

* Investigate the thaory behind chromatography.

* Conduct a virtual colurmn chromatography
axperiment to preduce a medical radioisotope.

* Explore how radisisotopes canbe usadin nuclear
miedicine to diagnose and traata variaty ofillnesses.

TR CCOF AN N AT 30 T g Fasear ard rdicaTwrmeTY

m  Yttrium-90(°°Y)

®
g v
m IntroductoryVideo
MEDICA;
QisSor
> 28 9
3o
=
https://vimeo.com/645207531/80baf68305
o e it s g s it CINCH®)
3
v [ ]

* %% is aradioisotope that can be used to treat liver
cancer usinga procedure known as brachytherapy

* Microspheres filled with *Y are inserted into the
liver's blood stream and become lodged in small
blood vessels surrounding the cancer

* The spheres deliver a high dose of radiation to the
cancer whilst cutting off the cancer's blood supply

* This targeted delivery of radiation kills the
cancerous cells while minimising exposure to
healthy tissue

AP LA OET, 1 $0 €308 ST i PR 8 T Ay CINCHE)
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A A v
m Radioactive decay
( 2
Y urder decay taform PY ———— WZr 4 ¢-
r&cmﬁd}mrg:wh Suable » lw-Mhouuwlr L
enargy (2.3 MeV) slactron
Bsta minus decay (5-)
— + o +
pavert Arugher L] emetren
5
v

m  Half-life (t%)

“The time required for the decaying quantity
to fall to one half of its initial value”

ey %Y (t, = 64 hours)

* Short half-life
* Daystodecayaway
* Suitable for medical applications

75

50

¥-90 remaining (%)

*9Sr (t, =29 years)
* Long half-life
25 * Takesyearstodecayaway
125 * Accumulatesin bones and leads
0 to cancer
o
Number of half-ives
(1 half-&fe = 64 hours)

]
v
Chromatography
Chromatography provides animpartant method
of separating, purifying and identifying
components in a mixtura. Types of
chromatography include: "
* Thin-Layer Chromatography (TLC} .
*  Column Chromatography [CCh .
* GasChromatography {GC) . -
All formes of chromatography work on a similar principle. They all have:
= A stationary phase {a solid, orz liguid supported on 2 solid] and;
= A mobile phase (a liquid or a gas)
e CINEH@
v L]
Column Chromatography
#Stationary phase
f—— Glass column packed with absorbent
phirwe V maternal {e.g. silica, ion exchange resin]
m + Mobile phase
g‘ﬁ) Sohrent {water, acid or organic {oill]
e —
s %] 5] The mobile phase fliows through the stationany phase and
3 R camies the components of the miture with it
o] e Each substance traveks at a different rate depending on its
solubility in the mobile phaze and its retention by the
stationary phase.
et e ofiEh® -
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® .
. v v
m ThelonLab Experiment m Retention Factor (R}
Retention Factar ()
Half of you will stat * R, describes the migration rateof an ' i
This camera feed with sohvent from r 3 MHNDy =70 1
dowswhats TN Valve 1and the rest analyte ona column 0.0001 M HNO, <1 <1
happening in the &b /ef you will startwith * The crown ether resin usedin this
E Valve 2 After the fest expatiment is highly selective towards Sr
ak is recorded, you . - .
f:‘.! s:ap vanes » * However, the concentration of nitric acid
X s {HMOs) affects the rate atwith Sr passes
{ Background Count > » /) > through the column
| i .
| Rate: Ameasure of i * The crown ether can only retain 5r whan
| the background i g -~ =y b thare are enough nitrate ions in solutionto
14 By Lo I l 3 formthe stable complex shown hare
Y . | radiation in the local o (=
‘our data ponts wall g = fe
be plotted here. === | environment. /f‘.,r
http://ibe.irs. uni-hannover.de/ibes/de/RoboLabs/lon Lab. htm _ —_—
N gwrodizegsacn i mmard mahghnuk esd reanesery CINCH®) - T [ P CINCH® -
S 11
° v .
The lonLab Experi X m Observations
=] eilon xperiment
IF we have a good separation, we shouldexpect to ses
Crown ethersare highly
selective towards certain
elements basedon the 3y
size of the ring .
%) 2
e %
& !
crown ether
i . e
H Tie i Time
i S — INC -
R PR R RNl CINGH@  « ’ . CINCH®
12
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m Observations

If w2 have a poor separation, we should expect to see...

&

sasss

2

Time

SRR PR—— CINCHE)
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Visit: National Nuclear Laboratory (nnl.co.uk] to learn more

about the work that the UK's National Muclear Laboratory does.

Visit: Augmented CINCH: Augmented CINCH (cinch-project.eu)
to learn more about the A-CINCH project.

Visit: https://community.stem.org.uk/ or

https://nucwik.com/exercises/ to accessa lessan on Pyro-
Processing: Electrochemical Cells in Action.
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