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Your laboratory is being challenged to expand the scope
of ultimate sensitivity analysis. Don't let complex matrices

and low concentration levels stand in the way. The fast-track
to simplifying your most complex analyses with highly repeatable
results awaits at waters.com/XEVOTQXS

PHARMACEUTICAL = HEALTH SCIENCES - FOOD = ENVIRONMENTAL = CHEMICAL MATERIALS
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YOUR EXISTING METHODS.
YOUR FUTURE GOALS.

GET ANYWHERE FROM HERE.

Introducing a powerful new way to bridge the gap between HPLC and

ACQUITY UPLC®. Imagine true plug-and-play method compatibility and
productivity gains that allow your lab to meet the scientific, technology,

 and business demands of today and tomorrow. Where will this kind of
/ uncompromised LC versatility take you? Choose your path at waters.com/arc

PHARMACEUTICAL = HEALTH SCIENCES = FOOD = ENVIRONMENTAL = CHEMICAL MATERIALS

©2017 Waters Corporation. Waters, The Science of What's Possible, and ACQUITY UPLC are registered trademarks of Waters Corporation. Arc is a trademark of Waters Corporation.

Sponsors of the Institute of Chemistry of Ireland Annual Dairy
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School of Chemical and
Pharmaceutical Sciences

New President Inaugural Speech

First of all I would like to say how honoured | am to represent the Council and the members of the Institute
of Chemistry of Ireland. | would like to commend Margaret Friem@&h her accomplishments as President
over the pastamo years.

In the last number of years the council has played an important role in the community of chemists in Irelar
This is through communication by means of the Voice, and the Institute publication: Irish Chemistry News.
This is a primary instrumenf communication to professional chemists in the State.

In addition the Institute has supported a number of congresses, in UCD in 2015 and GMIT in 2016 along
with a long standing support of the Irish Universities Chemistry Colloquium, now in"ltge3®.

Furthermore ICI have sponsored a number of awards in the academic arena, The&glyle Higgins

Gold Medal and Lecture Award and theThe ICI Annual Award for Chemistry (Eva Philbin Public

Lecture Serieg Award. Also there is a recently introdudedustrial Chemistry Award now entering its

third year. Thelnstitute has maintained and will preserve its close association with the Royal Society of
Chemistry and the Society of Chemistry Industry.

There is a need, more than ever, for the evidenceallsgsence which can be communicated to the public.
Thelnstitute has played a role in this area through the Robert Boyle Susohwa in Co Waterford and
the street theatre Festival torlg science to the streets.

The future of thénstitute relies onhte continued close relanship with its members. Thadtitute needs to
maintain its relevance to the community of chemists. In this regard the Institute will continue the use of
communication throughinkedIn, Facebook and Twitter

| would hope to contime to lead the ICI in its mission: to promote Chemistry and represent the profession o
Chemistry in Ireland.
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John F. Kennedy Drive
Naas Rood, Dublin 12
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needs.

PH Buffers & Conductivity Standards
Lennox offers a comprehensive range of pH

Buffers and Conductivity solutions for the
calibration, monitoring and qualifying of pH
and conductivity instruments. All of Lennox
pH and Conductivity solutions are traceable
against SRM of NIST.

Volumetric Solutions

Volumetric solutions from Lennox are ready-
to-use solutions manufactured in large lots
that will save you the time and expense of
preparation and standardization. We offer a
full range of Base and Acid solutions. Lennox
ready-to-use volumetric  solutions are
manufactured to stringent specifications and
utilise Quality Control procedures to reduce
lot to lot variability, are labelled with
expiration date and available in several

packaging options.

Custom Manufacturing

Lennox offers a flexible custom
manufacturing service to produce quality
products. Our lab routinely manufactures
solutions to meet research, pilot scale and
full scale production requirements. We have
extensive experience in this area and can
manufacture from 100ml to 1000It. Contact
our sales team to discuss your chemical

custom manufacturing needs now.

Ethanol

We can supply from stock a full range of

Ethanol Absolute & Ethanol Denatured (IMS) in a large range of volumes and concentrations.

Contact us on 01455 2201 or email cs@lennox for more information on Lennox Chemicals.

LENNOX

www.lennox.ie
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Editori al

This is a very active |Issue of lihN trheep oprrteivni go uosn
anfdappermirrorgughout MayoandBdyhe. HWgghad | @cltdrMe da
27 whiawelwasdel i vered and stimulating presentat.
expect to have a paper based on his presentatio

| sskuleyyer s for tmhetupcemiemdg sclaeg e presented in th
| ssue.

We had one of our prestigious member s, Professo
at a presentati onWiitnh tat aweRlildfe do fr ceMeehpat hi do7n Tohee f or
interview style with Professor Pat Guiry, UCD a

on the event which you can watch.

Our AGM f oBoy ldsgegdLetsiteur e and during the recess tt
sdent, one wifthwbi ghesenmar ks wadepvengntCedt wiMtk
Continuing with second | evel chemistry our winn
Hannah Fitzpatrick, The Institute of Ezhtion, Leesoibtreet, Dublin2has her Newsl ett er
| ssue with some editing to Match the format of

& a time of changbkl boarngwehlfead GMtault @ngaeadoff Pr e
having compl eted herPrtowoe syseoarr sJ oahtn tChaes shiedaymd DIl Tw
John many successes in driving the Institute fo

On to the main papers in this |Issue wePGAAve a s
(Prompt Gamma Activation Analy3isvhich compliments his previous paper in Issue 5 December 2016 on
Chemical Physics application of Small Angle Neutron Scattering (SANS)ort paper is presented on
Advances in Chemical Decontamination of the Eyes and, Skiever present risk to anyomerking with
chemicals, showing the need for a rapid remedial interventithnappropriate treatment. Then we have an
interesting historical p ap er Wearner, T@GDIbly Rrofd3somBriann Ch e
McMurry, TCD. The final paper is abo@arbon Trust a British organisation promoting sustainataliiy

helping companies reduce waste and recycle. Examples of chemical companies as well as efforts Bord Bi
encouraging a sustainable future are presented.

Last bmeabg¢aktelahsaxcso me abowtpastomwor king | ife in
i nduasntdr ypubl i shiwgs | &Nked to be a judgehfoh t hw:
honoured to accept. |l am delighted tso aned otrhte tfh
decisions wi |l be close call s. I am @lrsadee XMerda re
Partowet B EvenfforStraitegpreaeawiingies ss wevéntbe Bmeoun
Evenn Mdht25sérBaigle Hot el

My best wishes to everyone involved.

info@instituteofchemistry.org

Patrick Hobbs

Editor

Irish Chemical News

Institute of Chemistry of Ireland
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ROYAL SOCIETY
OF CHEMISTRY

Tuesday May 16 10:00-18:00
Albert Theatre
Royal College of Surgeons in Ireland
Professor Malachy McCann
David Brown Award Lecture (ICI)
Professor Der mot OOHar e
Tilden Award Lecture (RSC)

+ talks, flash & poster presentations from inorganic
chemists all across Ireland.
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WELCOME
The Irish

Laboratory Awards The Institute of
2017

Chemistry Ireland
The Irish Laboratory Gala

Luncheon Awards 2017 take
place onthe 251 of May 2017

in the Ballsbridge Hotel,

To book a seat at this prestigious event please

visit our website at www.labawards.ie

or call Glenn at 01 524 0588

Sponsors & Supporters
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We wish all entrants the best of luck with their entries.
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2017 Irish Lab Awards Shortlisted Finalists

Laboratory Scientist of the Year
fAhmad Bader Albadarin - Synthesis and Solid State Pharmaceutical Centre
Prof. Catherine Stanton - Moorepark Food Research Centre, Teagasc Fermoy
fSenad Bulja - Nokia Bell Labs

Laboratory Team of the Year
AS&T Novartis Ringaskiddy
BioClin Research Laboratories
FarmLab Diagnostics
Haematology Laboratory - Cork University Hospital HSE
Janssen Pharmaceutical Sciences
Laboratory Services - Jazz Pharmaceuticals
Manual Handling Team - School of Nursing & Midwifery, NUI Galway

The Labs Safety Team - Janssen Sciences Ir  eland

Laboratory Staff Member of the Year

Dr. Gerard Moloney - Department of Anatomy & Neuroscience, UCC
Fiona Crispie - Moorepark Food Research Centre, Teagasc Fermoy
Ollie Burns - Nokia Bell Labs

Young Leader of the Year
Dr. Colin Clarke - NIBRT
Frederic k Sheedy - TB Immunology & Macrophage Homeostasis Groups
Melinda Halasz - Systems Biology Ireland
PJ Moloney O EireChrom

Pharmaceutical Laboratory of the Year
Alexion Quality Control Dublin
Bernal Process Engineering Lab - Bernal Institute, University of Limerick
BioClin Research Laboratories
Keytruda Bioassay Quality Laboratory - MSD Brinny
Laboratory Services O (a). Jazz Pharmaceuticals
___(b). Microbiology Quality Laboratory - MSD Brinny
PDMS - AD - Janssen Sciences Ireland
Technical Operations Laboratory - Pfizer Ringaskiddy

Healthcare Laboratory of the Year
Diet & Microbes at the Extremes of Life, Research Laboratory - Teagasc Fermoy
Pathology Laboratory - Naas General Hospital
Think Biosolution
Irish Chemical News Iss@ April 2017
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Chemical Laboratory of the Year
Alexio n Quality Control Dublin
Bernal Process Engineering Lab - Bernal Institute, University of Limerick
Laboratory Services - Jazz Pharmaceuticals
Mass Spectrometry Group OcIT
Bio Science Laboratory of the Year
Alexion Quality Control Dublin
BioClin Research Laboratories
Macular Pigment Research Group O wiIT

Food Laboratory of the Year

Central Laboratory - Dairygold Co - Operative Society
Diet & Microbes at the Extremes of Life, Research Laboratory - Teagasc Fermoy
Mass Spectrometry Group - CIT
Vision | Food Research Laboratory - Teagasc Fermoy

Agricultural Laboratory of the Year
Alltech European Bioscience Centre
Celignis Analytical
Crop Science Molecular Laboratories - Teagasc Oak Park
FarmLab Diagnostics
Irish Equine Centre
Vision | Food Research Laboratory - Teagasc Fermoy
Weatherbys DNA Laboratory Ireland

Engineering Laboratory of the Year

Bernal Process Engineering Lab - Bernal Institute, University of Limerick
Dynamical Systems and Risk Laboratory - University College Dublin
Veterinary Laboratory of the Year

FarmLab Diagnostics
Irish Equine Centre

Calibration or Testing Laboratory of the Year
Anecto
Celignis Analytical
ELS
LotusWorks
Metrology Systems & Services
Roscommon County Council
Research Laboratory of the Year
Bernal Process Engineering Lab - Bernal Institute, University of Limerick

Irish Chemical News Iss@ April 2017
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Cork Centre for Vitamin D and Nutrition Research - UcCcC
Diet & Microbes at the Extremes of Life, Research Laboratory - Teagasc Fermoy
Macular Pigment Research Group O wIT
Mass Spectrometry Group - CIT
Thoracic Oncolo gy Research Laboratory - St James's Hospital & Trinity College
Dublin
Tissue Engineering Research Group - RCSI
Vision | Food Research Laboratory - Teagasc Fermoy

Education Laboratory of the Year

Girls Hack Ireland - Insight Centre for Data Analytics
Medica | Device Decontamination Laboratory - School of Biological Sciences,
DIT

Systems Biology Ireland

Start - up Laboratory of the Year
Alexion Quality Control Dublin
Bernal Process Engineering Lab - Bernal Institute, University of Limerick
Celignis Analytical
La boratory Services - Jazz Pharmaceuticals
Think Biosolution
Translational Medical Device Lab

Laboratory Supplier of the Year
BioClin Research Laboratories
EireChrom
Roche Diagnostics Ireland

Innovation of the Year Award
Celignis Analytical

ELS
Enzyme Research and Development - Arran Chemical Company
Loctite 60 sec. Universal - Henkel Ireland

Qu a s a R-£Think Biosolution

Collaboration Achievement
Draper Group, TCD Chemistry & Dalian University of Technology
ELS, Tyndall National Institute, Hahn Schickard & IK4 - Ikerlan
Janssen Sciences Ireland
SFI- Pfizer BioMedicine Design Biotherapeutics Innovation Award
Systems Biology Ireland
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Institute of Chemistry of Ireland Congress h

FOOd Chem-l Stry DIT Kevin Street,
21st June 2017 hams

A full day conference consisting of Oral and Poster Presentations.

Sensory Aspects of food - Overview ; flavours, taste, colour, culinary aspects.
Aesthetics of food related to chemical components; how are these are related to
chemical components.

Sampling and analysis- challenges of sampling and analysing a heterogeneous
material, quantitation of components, residue analysis, novel means of food
characterisation

Functional Ingredients- Recent developments in the area, formulations, treatment
of food, freeze drying; adulteration, nutraceuticals.

Oral presentations from

Dr. John Keegan ( Public Analysts Laboratory)

Prof. Seamus O Mahony (UCC)

Prof.. Vitaly Buckin{ UCD)

Dr. Maria Hayes ( TEAGASC)

Prof. Jean-Christophe Jacquier (UCD)

Dr. Edward Malone (State Laboratory )

Dr Jesus Frias ( DIT)

Ms. Charlene Connolly (Monaghan Mushrooms)

Mr. Tony McGorisk ( Kerry Group) and plenary lecture from
Prof. Herve This (Institut National de la Recherche Agronomicque)

Submission of poster titles to john.cassidyaditle.

Organising Committee: Prof. John Cassidy,Dr.Jesus Frias ( DIT), Dr. Catherine Barry Ryan ( DIT),
Dr.Eoghan McGarrigle { UCD), Dr. Paula Bourke ( DIT) and Dr. Julle Dunne { DIT).

Irish Chemical News Iss@ April 2017
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Congress 2017 Sponsors

ThermoFisher WO Te 'S

SCIENTIFIC THESCIENCE OF WHAT'S POSSIBLE.’

EE

Megazyme

S LABPLAN

< } Aquilant Analytical Sciences GPE

Irish Chemical News Iss@ April 2017


http://www.gpescientific.co.uk/

16

SUPRAMOLECULAR CHEMISTRY IRELAND

The Supramolecular Chemistry Ireland (SCI) Symposium will be held in Renehan Hall at
Maynooth University on Wednesday"28une 2017 from 10am to 6.00 pm with a Poster and Wine Reception to
finish.

SCI 2017 will bring together a host of world renowpedticipants including invited speakers and poster
presentations covering a broad range of supramolecular topics.

Arranged to coincide with the International Symposium on Macrocyclic and

Supramolecular Chemistry (ISMSC) taking place in Cambridge, SCI2017 will combine the best of Supramolecular
Chemistry research from around the world opening lines of communication and collaboration worldwide.

The symposium is open to everyone and anyatghing to present a poster can contact Dr. Rob Elmes
(robert.elmes@nuim.ig

10.00 amWelcome address

10.10 amProf. Leyong Wang (Nanjing University, China)
10.30 anmDr. Steve Butler (Loughborough University, UK)
6Mol ecul ar probemohbrocongi obionucl eoside polyphosph

10.50 amDr. Susan Quinn (University College Dublin, Ireland)
11.10 amCoffee
11.50 pmFlash Presentations (3 x 10 mins)

12.20 pmDr. Miguel Martinez Calvo (Universidad de Santiago de Compostela, Spain)

6Transition metal catalysis in |iving cellsbé

12.40 anDr. Fred Pfeffer (Deakin University, Australia)

6Centrally functionalised [6]polynorbornane framewo

1.00 pmDr. Trinidad Velasco Torrijos (Maynooth University, Irelad)

WpDf @802f ALIAR YAYSGAOAY FTNRBY a27FaG YIFIGSNRAFt&a G2 Fdzy Ol A
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1.20 pmLunch
2.30 pmFlash Presentations (3 x 10 mins)
3.00 pmProf. Steve Bull (University of Bath, UK)

6Boron based sensors for determining the enanti omer
fluoride and peroxynitriteo

3.20 pmProf. Mike Watkinson (Queen Mary University of London, UK)

6l maging mobile zinc using click chemistry®o
3.40 pmProf. Ognjen Miljanic (University of Houston, USA)
6Supramol ecular interactions in the construction of

4.00 pmCoffee

4.30 pmProf. Thorri Gunnlaugsson (Trinity College Dublin, Ireland)

OEngineer i ng -maesiglsasing supramolscaldrself-assembly processess 0
4.50 pmProf. Steve Loeb (University of Windsor, Ontario, Canada)
6Designing rigid molecul arstsantetét l es to function in

5.10 pmProf. Bruce Gibb (Tulane University, New Orleans, USA)

6Guest packing and reactivity within containers ass

5.30 pmClosing remarks followed byPoster Session andWine Reception.

Many thanks to our generous sponsors:

S
Maynooth Y
University =1 e m
Mational University -‘5 e
of Iraland Maynooth D

A\

;

::, AL SOCIETY | REPUBLIC
F CHEMISTRY ogcmAeLLg\ENCt%ION Science S I
: Foundation

Ireland For what's next

Institut e of Chemistry of Ireland
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18

Boyle Higgins Gold Medal Award Lecture 2017
Professor Henry Curran

0 Bveloping 2tailedChemical Kinetic Mechanisms for &el Combustiord

in the Royal College of Surgeons in Ireland, St Stephens Green, Dublin 2,
on Thursday 27April 2017

Professor Henry Curran
Director of The Combustion Chemistry Centre Department of Chemistry, NUI Galway
We had a very interestirapd stimulating lecturérom Henryon fuel combustion which triggered numerous

guestions from the floor. The medal was presented by President Margaret Franklin as one of her last duti
before handing over the baton.

Henry during his lecture

| expect to have a paper from him baseound his lecture in the next issue of ICN.
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Below some more photos taking during and after the lecture.
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During the reception after the | ecture

Mar gar et wiatdhaoMar FKokKng Chemi st Representative
Maynooth University.
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Best Leaving Cert Chemistry Student 2016

Mar garet with Leavi RayulMceldritka Ghiliesni mad tr lye
AtAGM r an sPfreersiedfechconorary FPhbbwsPrese

AW

Margaret haBRdeéesigdeRieyst hcduty of new Presi de
To Prof John Cas dHiodhy,r aDlyT Fel |l owshD@nadlo f
Carroktofyorme |1 RS/ Enteryj

Irish Chemical News Iss@ April 2017



22

ROYAL SOCIETY
&CHEMISTRY

hEuCheMS | 55 xtos

Chemistry Congress | bRa®

TEuCheMS Chemistry Cong

Molecular frontiers &
global challenges

ACC LIVERPOOL, UK
261 30 August 2018

REGISTERYOUR INTEREST

<>

BN PR N

<>

About the congress

With a theme of O6Molecular frontiers and gl obal
features five days of scientific and technical sessions, plenary lectures, oral and poster

communications, keynotespeakers and roundtable discussions, as well as exceptional networking
opportunities, an exhibition and a unique social programme.

The EuCheMS Chemistry Congresses reflect the outstanding research being done in Europe and around
world by bringing togéter chemists from different countries and professional backgrounds to exchange
ideas, advance knowledge and discuss key issues for chemistry and society. As such, the 7th EuCheMS
Chemistry Congress offers you exceptional opportunities to network with stsefnom across Europe and

beyond.

Registration will open in late 2017, and will be via an online system; full payment is required to guarantee
your booking.

http:// www. rsc. orqgl/ ever
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EuCheMS ‘@

European Chemical Sciences

unsubscribe | update profile

@ CHEMISTRY in Europe

Newsletter for European Chemistry, published by EuCheMS

Chemistry in Europe 2017-2
Dear chemists, dear all interested in impact of chemistry on our daily life,
You are kindly invited to read about recent chemistry and related news

in the second 2017 issue of the Chemistry in Europe Newsletter at

http://www.euchems.eu/newsletters/chemistry-in-europe-2017-2/

Best Regards,
CiE Editorial Board
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Portable benchtop NMR spectrometer from Gé&B-luorine, Proton or Dual
NMR

The spectrometer offers spectroscopic resolution at a fraction of trensizeaintenance of current NMR
instrumentation. The design brings analytical performance andqfeirged utility to the benchtop, fume
hood or glovebox due to the compact size of the machine.

The NMReady was the first 60 MHz spectrometer available ®@bénchtop NMR markeGiven its small
footprint (Dimensions: 9.5 x 11x 17 inches) and light weight nature (only 45 Ibs), the spectrometer is ideal
for incorporation directly into the laboratorfhe NMReady is compatible with all standard consumable
5mm NMR tubes, also available from GPE Scientific, so sample preparation is simple and fast.

The machine offergood sensitivity and the high resolution allows spectra to be measured quickly. The dat:
can be processed directly (even while wearing safety gloves) through thim bedlistive touchscreen
without connecting an external computer.

Contact Information:

GPE Scientific Ltd, Unit 5, Greaves Way Industrial Estate, Stanbridge Road, Leighton Buzzard,
Bedfordshire, LU7 4UB. UK.

Phone: +44(0)1525 382277
E-mail: info@gpescientific.co.uk

Website:http://www.gpescientific.co.uk/products/chemistry/nanalysigeadybenchtopspectrometer

Company Information:

GPE Scientific Ltd was established in 2%nd is a leading distributor and manufacturer of laboratory
equipment, glass blowing products and specialised glass components for the industrial, laboratory and
research market3here are many reasons to choose GPE Scientific above our competitprajave

ourselves in stocking thousands of products from leading suppliers providing you with the best selection o
laboratory equipment on the market. This includes being the exclusive distributors for Chemglass Life
Sciences and Chemical Reactors, Nor&fiIRNTubes and Accessories and the portable Nanalysis NMReady
Benchtop Spectrometer.
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Acadamh Rioga na hEireann
Royal Irish Academy

Cunningham Medal Presentation

Professor Dervilla M.X. Donnelly, MRIA was presented with the Royal Irish Academy's premier award,
The Cunningham Medal on 7 March 2017.

The Cunningham Medal is presented once every three years by the President and Council of the Royal Iri
Academy. Mary E. Daly, the first female President of the Academy, made the presentation to this year's
awardee in the Sciences Dervilla Donnelly, MRIA whalso the first female awardee of this medal. This
year's awardee, Dervilla M.X. Donnelly was recognised for her outstanding contributions to scholarship ar
the objectives of the Academy.

Mary E. Daly, President Royal Irish Academy and DervillanDelly, MRIA on the occasiomhoto John Ohle.

Professor Dervilla Donnelly | Winner.of the Royal Irish Academy’s Cunningham Medal | Q&A 0 »

Prof Dervilla

DONNELLY

Winner of the
Royal Irish Academy
Cunningham Medal
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There was an engaging conversation between the Science Secretary of the Academy, Professor Pat Guir
MRIA and Professor Dervilla Donnelly, MRIARPat Guiry moderated a warm and enlightening conversation
about Dervilla's career with some questions and comments by guests in the audience which was made ug
colleagues of Dervilla's from her wide and varied career. You can watch a high quality recording of the
discussion embedded on the RIA Cunningham Weje Pare:

https://www.ria.ie/news/grantsand-awards/cunningharmmedalpresentation

Professor Dervilla M.X. Donnelly, MRIA

Professor Dervilla M.X. Donnelly MRIA is awarddéigde Cunningham Medal in the area of the Sciertghs.

has been a generous and enlightened leader in scholarship and the wider community, nationally and
internationally. She has combined contributions in education and research of public service
commitmentsAs Chair of Phytochemistry at UCD she supervised 85 PhD students to completion. She has
been recognised by numerous honours and awards and holds honorary doctorates from the University of
Nottingham, QUB, TCD, NUI and UCD. She has contributed extensigelye work of the Academy and
served on Council and in Office.
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69" Irish Universities

ChemistryResearchColloguium
June22nd & 239, 2017,

2017 will see the School of Chemical Sciences at Dublin City University hostiggtHash Universities
Colloquium on June 229 & 23,

As always the Colloquium will highlight the outstanding research being conducted by the best and brighte
of Irelandés young chemists across | r e lresentigtheiAs
institutions, will be invited to give oral presentations to showcase the range of exciting chbamsstly
research being carried out in Ireland today. Each session of the programme will be opened with keyn
presentations from leading $h and international researchers. Invited poster and flash poster presentatior
will also feature on the programme. Prizes will be awarded to best presentations across a range of catego

Outside the scientific programme, there promisestobeasrongi al pr ogr amme t o i
competition, a postgraduate fringe event, conference barbeque networking evening and lots more!

Register details to follow.

We look forward to seeing you there.

Meeting Chairs
Dr Emma Coyle (Organic)
Dr Andrew Kellett (Inorganic)

Dr Aoife Morrin (Analytical)

For all inquiries, please email Julie McArthuiulie.mcarthur@dcu.ie
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Coimisidn na Scraduithe Stait
State Examinations Commission

LEAVING CERTIFICATE EXAMINATION
LeavingCertificate 2016 2016 Chemistk/inners with Highest Marks

The State Examinations Commissiomadvised thénstitute that there werénvo students
with top marks irChemistry in the 2016 Leaving Certificate Examination.

Qutgoing President Margar et RKertficate Chemistrg r e
Winners Medal td?aul McGoldrick, Coola Post Primary School, Riverstown, Via Boyle, Co
Sligo after the Boyle Higgins Gold Medal Lecture in the RCSI, Dublin

The second winner wd3avid Gerald Murphy, St Fachtnas High Schdadsth Street,
Skibereen, Co Cork-he Institute will present the medal to Gerald who is studying in UCC at
a later date.
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Schools Chemistry Newsletter Results 2016/17

Topic: “The Chemistry of Climate Change”

First Place

Hannah Fitzpatrigkl he Institute of Educatioh,eeson Street, Dublin 2.

Edited version follows. For Original visitvw.chemistryireland.org

il
‘ \
\ d

S

shutterstock - 177587441

RunnersUp

Euan McDonnelMoate Community School, Church Street, Moate, Co
Westmeath

David Shanaharst! Y RNB6Qa /2t 5385 . 220SNalG26y !

e ?

N "

Highly Commended

Lance LicayanLusk Community College, Raheny Lane, Rathmore Road, Lusk, Co
Dublin.
Lia Murphy, Colaiste MuireRéalt Na Mara, Crosshaven, Qoork.

They all get certificateand t he wi nner get-"pgéatble@ch.and
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Chermistry of Climate Change

December 2016 Nesletter Competition

ases a
arming

d condi

The Carbon cycle

Carbon is the basis for all life on Earth. All living organisms are made of carbon, and need it as fuel to survi\
Plants make their food by photosynthesis. A process whichgequiren dioxide to be carried out. Animals get their
fuel by eating other organisms, which are largely made of carbon.

L T Carbon is exchanged between the atmosphere, the ocean, living
, ; - organisms, soils and fossil fuels. Biological activity, such as
photosyriesis cause&arbon to be constantly converted among
different forms and locations. These movements of carbon are referred
to as the global carbon cycle.

The Carbon Qe is currently out of balancses there is too much
carbon being stored in the atmospheThis is because we burn fossil
fuels, an organic substance that reacts with oxygen to become carbon

dioxide, a greenhouse gas.

Plants take carbon dioxide out of the atmosphere for photosynthesis with many plants and treeeaalled
carbon siks. Carbon sinks can be on land or under the sea. Howewgsins continue to clear carbon sinks by
deforestationWe are disrupting the cycle at both ends.

The Greenhouse_Effect

TheGreenhouse Effeid the process by which a planet's atmosphere raises the temperature of the planet'sTherface.
Greenhouse Effect occbgsway of special heatrapping gases in the atmosphere called greenhouse gaaeson
dioxide being one of thenin the absence of the atmosphere, Hath would not be able to hold onto the solar

energy it absorbsTherewould be no oceans, cloudsr life. Earth would just be an icy cold, baoek. Thanks to the
Carbon @cle, The Greenhouse effect has maintained an equilibrium for thousands of years.

Ultraviolet radiation from the sumdgh energyshort wavelength) firpenetrategshe atmospherto be absorbed by
land and sea. The Earth emits much of this energy back as infrared ratbatiendrgyJong wavelength)About
10% escapes back into space. Greenhouse gases absorb the€emging a layer of heat just above the surface.
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How does a Greenhouse Gadrap heat?
A greenhouse gas moleculesists of one or more different atoms bonded togetiwsely. They must have an electric
charge. When in contact wiglectromagnetic radiatiathey vibrate Vibrating allows them to absorb radiation.

00

Two of the most common atmospheric gases; OxygkNitrogen, do not absorb radiation as they do not have an
electric charge, and are bonded together too rigidly to be able to vibrate.

Water, Ozone, Methane and Nitric oxide each have alimwear arrangement of atoms. This is due to unequal sharing
of electrons, resulting sfightlypositive andslightlynegative regions within the molecMiéhen radiation hits a

greenhouse gas molecule, it will vibrate. Due to tF
infrared radiationt hat | s emitted from the eartho
O & P
ooz (I

Carbon dioxide is arranged in a linear formation. Though collisions between other molecules, and contact with radic
can cause it to change its shagmal vibrate It behaves just like any other greenhous® g

The molecules constantly absorb and subsequently emit that radiation.
, e B \Vhen they emit radiation, it scatters in all directions. Approximately
I— ' half of it will escape into space. The rest will likely be absorbed by

rhr another G.Gas molecule. A certain amoumédiation is constantly
exchanged from particle to particle. This keeps the surface of the earth
warm. At night, when we are turned away from the sun, we do not
freeze because radiation from the daytime is still passed around
between G.Gas molecules.

The(LQDDMGNTRD, . &EEDBS%ZR QNKD HM BKHL @SD

Now that there is too much greenhouse gas, too much heat is being trapped. The temperaturetofshisiegrtwith
no cooloff point in sight. This is having disastrous consequences on the climate. Ice caps are melting, sea levels
rising. Droughts are longer and more extreme. Forest fires and Bush fires are more common. There are toelittle of
creatures as they are going extinct, and too much of others who are benefitting from the gaps in the food chain.
Tropical diseases such as malaria and Zika are becoming more global. Natural disasters are also on the rise. The
estimate that 22.5 milliohave become climate refugees since 2008, and that figure is likely to be a lot higher. There
no end to the negative effects climate change is having and is continuing to have.

Everything is interconnected
| hope you are beginning to see that everything on earth is conn‘ébteais what makes cllmate change such a
complex issue. And at the same time such a simple one. If hurEEEs——— DRET

left earth today, the planet would natulab h etself. he i
climate would slowly but surely go back to the way it was. And

endangered species o we
go, nor should we. Thougl must change our lifestyles so they ;
work in harmony wit h isruptihguhera. O of d

We must learn to be natalragain
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| Climate Change Solutions - The Science behind recent developments

Solar Energy: The most promising of renewable energies
Solar panels ee made up of units made of silicon, called solar cells. With a lay . Porvmr—
of special glass in between. In the cells, silicon atoms are bound together with agaspam
bonds, preventing electrons moving. When sunlight hits the solar cell with enao
energy (brightnss, heat), it knocks an electron loose from its bondwitette E—
nucleus of the atom. Electronsa#ected by a metal component at the top of th \ 5
cell flow through an external cirgyibwering anything from a battery to a city

Alternative tonatural gas: Hydrogen gas

Hydrogen is the most abundant element, and creates the cleanest fuel. Itsppatuloyis waterThe chemical bonds

between the atoms in hydrogen gas, can liberate a large amount of energy when broken, making this gas very

attractive for energy storagddowever hydrogen does not exist naturally on earth, so it must be manufactured. Water
(H20) is split by sending electricity through it (Electrolydisis process

~— Hydrogen

Oxygen 08s energyfrom electricitys transferred into the chemical derofhydrogen
e 5 bondsHowever, electrolysis is expensive. Scieatistaurrently
A ' fvemssoce d€VEel oping O6artificial | eaves6 in
em energy to split water into hydrogen and oxygen.
Oxygen Water Hydrogen .
butkles RN v I CO2 Capture: Manually removing
e Carbon from emissios
:J—L'_ This project involves the use of Metal Organic
A N Frameworks. MOFs are molecular systems cons ,x
Ancde Calhode of a metal oxide centre surrounded by organic <

"linker" molecules that form a highly porous tdieeensional crystal framework. This

microporous structureables MOFs to serve as storage vessels with a spiiagmpacity for capturing and
containing greenhouse gases. They are applied to fumes coming out of factories and power plartenTdiexide
can then be stored in liquid or gas form. With plamsséquestering the carbon in an underground containment facility.
(Possibly back to wherecame from; empty reservoirsaif, coal, peat and gas) -

Algae as a Biofuel: A replacement to diesel and petrol for

cars

It is claimed that algae can yield @ines the amount of oil that present biofu
can. It is also carbon neutral, as the carbon it emits is equal to the amount i
up to grow. To extract the oil, algae is pressed (like olteesytractlipids from
itds cel | warlbohdsoxideiS thgn @sedto abtain Ii@idslfrormthae_h :
remaining biomasa. supercritical fluids asubstance at \
a temperatureand pressurebove itscritical pointwhere distinct liquid and gas
phases do not exist. It caffusethrough solidswith ease.
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_ Give Y/‘reeq;_ﬁ/_ Chance’

How do we reduce deforestation?

Smarter Agriculture

Agriculture is the biggest contributor to deforestation. Forest is coslyntleared to make way for farmland. Most
people would say this is necessary to feed our large population. However, It is possible that we have more than enc
food to feed everybody. We are just bad at distributing it. The FAO estimate that we waste third of the food

we produce annually. Also, the most grown crops: Sugar Cane, Maize and Palm, are predominately for oil, syrup ar
sugar production. These ingredients make nuprd@ntjunkfood.

Smarter Consumption

42% of global wood harvest is used to mab&per. Is it really wortleuting downtrees for this produci®e are
transitioning into a digital age, you can get anything nowadays on electronic devices; books, newspapers, documer
Yet we continue to print all gethings in paper form. Offices are notorious for paper waste, often printing reams of
documents. Only to stow them away or throw them out later. Lessening of paper usage was predicted, perversely
demand for paper is only expected to double by 2030.

Smarer Diets

Methane i220 times more effective at trappinigeat than carbon dioxide, makingite of the most potent greenhouse
gases And cows produce a lot of it. We need to reduce cattle cultivation to rechissiens of methane, to do this we
need to reduce demand for beef and dairy. Eating less meat and more vegetables is proven to be better for health
round, svan! i t s a wi n

Reducing greenhouse gas emissionsile improving
wellbeing

We mufergentltat we are animals, our needs our 1
practically identical to other mammalée need to get enough
nutrients, water and fibre to function at our best. We need
regular exercise and enough sleeprdhg social connections
are vital, As igsime to play and time to relax. Our fossil fuel powered lifestyles are poisonous and it is clear to
see. Disease is at an-tillne highpoint. It seems like haflis are anxious and depressed. While average
amount ofriendswe have is dropping|oor space in priate
homes is risingVe are deluded if we think this lifestyle is
something to latch onto. By transitioning to a sustainable
world, we are saying¥ES, We do want to stick arolin@ve §
#% do want to ahealthier,happiersociety. By taking the leap
:, to renewabé energy and eating healthiefiets we have
much to galn By(yrkmg together in communbﬁcommg
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Chemical Physics application of Prompt GammaActivation Analysis (PGAA) for
measuring the atomic element percentages for an S8Polymer Nanemicroscale

turbine.

1 Mark Heaton obtained his Doctorate in Nanotech and microengine&ong Imperial College
London in 2013. This was part completed at The Budapest Neuron Cent@opiki\dnd Carlow
IT, where he obtained four of his nineteen publications.

In this PHDresearch he fabricated the first nanoscale Axial-fiaw turbines for measuring flow

and generating power in confined/remote locations. Prior to this he progressed from Carlow IT to
his Hons BSC in physics with electronics, and MSC in optics and holggfegph Salford and
Manchester Uni.

He progressed from yearstechnician work to being a researcher in corrosion research for Tata Steelhising
Physics BSC. His Doctoral engineering and research in environmental monitoring was put to use in higasw go
renewables business. Here he has international relationships with key players in the evolving nanotech sector
including ANT advanced nanotechnology. He plans to partner with Unison in the US to produce autogas following
feasibility discussions at Powstown,Carlow and WexfordCo Co tostart biofuel production. He is also involved in
community renewable energy schemes and open to working with any interested parties. This is part of the EU 2Bn
euro grant being made available to Ireland and given out oregt basis to each locality.

1.1 Introduction

This article details the use of PGAA (Prompt Gamma Activation Analysis) for the measurement on the
atomic scale of the material used for a namoroscale turbine. The objective of the PGAA (Prompt
Gamma Actvation Analysis) experiment described in this article was to determine the nanoscale
characteristics in terms of the percentages of the constituent atoms8gb@yimer of the turbine rotor

before and after processing of the-8golymer substrate [1.1,2].

The microturbine is still the only such axial flow miniature turbine sensor generator working in the world. It
was contoured to a smoothness of a few hundred nanometers. The benefit of the axial device is that it car
detect low pressure air or gasvil. For example it could detect the flow of dopant gases for IC (integrated
circuit) device fabrication. Also in generating its own power as part of a complete stacked unit with an
electromagnetic stage it can operate in isolation without batteries iterévoations while monitoring wind
speed. It has involved research work in London, Cork (Ireland), Civitanova Marche (Italy) and Budapest.

The nominal percentages of the different components in the starting material/&% ¥jpoxy Resin

(CAS: 2890696-9), 22-60% GammeButyro-Lactone (CAS: 9618-0), 1-5%
Triarylsulfonia/Hexafluroantimonate Salt (CAS: 894529)-CAS: 7144978-0) and Propylene Carbonate
(CAS: 10832-7) [1.3]. These are approximate and depend on processing condition, hence it was sought tc

find the actual count of the different atoms making up the resin.
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Chemically SU8 is a photopolymer containing an Epoxy Resin, together with GaButyaio-Lactone

(GBL) and small amounts of Triarylsulfonia and Hexafluroantimonate. This mixture formstaveega
photoresist which is very popular in MEMS (microelectromechanical systems) fabrication. It can be
processed in very thick layers due to its high optical transparency, and once cured it is both chemically an

mechanically robust.

SU-8 is a mechanichl robust photoresist when in the solid state and is thus well suited to fabrication of
micromechanical devices [1.4]. The polymer will however have defects from UV curing and baking and, in
the case of this work, transient heating during laser ablatiomay also suffer further mechanical

degradation in its final application. Processing and other defects in the resin matrix will influence the

material quality, and this may ultimately affect device performance.

Material damage can occur in the 8Upolyner as it is cured and shrunk using UV exposure and final post
exposure heat baking from the liquid state to the solid 4iassd state. In the present work these steps

were carried out during fabrication of the turbine rotor preforms. There is likbly #gohigher density of

defects near confined corners because the UV/heat curing process will be less even in such areas than o
the general surface of the Smaterial. This causes stress because the cured areas have not had time to

normalise their stses with the surrounding resin.

The laser ablation process used to shape the microturbine bladeimiordes will also generate stress in

the cured StB. Laser ablation is always accompanied by a localised heat affected zone (HAZ), unless usir
Fembsecond lasers, and the associated heating can be excessive in confined corners and regions where
sample is thin. For the turbine rotors surface damage was found at the leading and trailing edges of the

turbine blades, as seen in Figure 1.0 fp

72 Silicon [ SU-8 [] Laser machined SU-8 Air flow
: : Upper Guide
Air flow Coil stator — L( vane

[E :B Rotor

Rotor
©  blade
- (moving)

\J AHIE v
Lower 4 Guide
Soft magnetic Permanent stator ]J vane
material magnet
(a) (b)
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Signal A = SE1 Date :27 Sep 2002
EHT=2000kv  WD= 34 mm Photo No. = 3832  Time :16:05:14

(c) (d)

Figure 1.0. Laserinduced damage in an SJmicroturbine blade, showing (a) 50 pwide leading edge and (b)
trailing edge of microturbine rotor (¢) and (d). The leading edge has cracked processing, and both edges show

evidence of melting and reflow which will have induced stress.

Finding the distribution, type and relevance of the defects that accumulate during processing allows usefu
information to be obtained in order to bettadarstand where improvements are needed in the fabrication

process.

PGAA (Prompt Gamma Activation Analysis) was used to measure any changes in the percentages of the
elements that made up the 8USuch compositional changes could occur during UV cubakjng or laser
micromachining. The aim was to identify both systematic changes in composition due to processing and
differences between samples subject to nominally similar processes. It was also of interest to examine ho
effective the PGAA technique wdor investigating a polymer material like 8]1.5, 1.7].

1.2  Prompt Gamma Activation Analysis (PGAA)
This area of investigation analysis providing quantitative data regarding the percentages of the constituen
in the SU8 samples on an atomic level. It was of interest to establish whether the percentages of the

constituent elements were affected by pssagg. In particular, it was expected that the baking steps in
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curing the SU8 might change the Hydrogen or Oxygen element percentages. Laser machining is also

expected to produce some compositional changes near the surfaces of the machined structure.

Two samples of S8 were subjected to the PGAA diagnostic study. These were in the form of microturbine
rotor preforms which had been given different solidificationtpgatments, in particular different durations
of baking and UV crosknking. In additionto determining the major components of the analysed samples,

some trace elements were also identified, and the compositions were compared.

1.3 PGAA Principle and Instrumentation

Neutron investigations have recently become an increasingly significdog fmomaterials across a wide

range of disciplines, and can reveal significant properties about materials. Neutrons are becoming ever m
useful in the nofdestructive characterisation of materials and components of industrial interest. The

industrial ajplications of neutron techniques are also being developed in many new industrial sectors [1.8].

PGAA is a relatively new nedestructive nuclear analytical method based on the detection of characteristic
prompt gamma phot ons trbhaations.dheipmncipiea af tne method have been well u
known for decades, and industrial applications are currently in development. However, routine application
of the method is not so frequent because of the relatively low number of available labsedqaipped

with guided neutron beams. All atomic nuclei, apartfféhe , can undergo (n, 29) r
probabilities. The energies of the emitted gamma photons are characteristic for each given isotope, while
intensities of the gamma pesalire proportional to the amount of a given isotope. This phenomenon allows
the use of a quantitative elemental (isotopic) analysis, and this is the basis of PGAA or PGNAA (Neutron)
[1.9]. PGAA gives information on the sample as a whole. Neutrons carrgtertée surface and lower

layers of the material so PGAA cannot distinguish between the bulk and surface composition of a sample.

The PGAA experiments reported here were a first attempt to apply PGAA to detect trace elements in an
organic matrix, and aearly example of applied research using PGAA [1.10]. The measurements were
performed using the experimental station shown in Figure 1.1. This equipment was placed at the end of a
m-long horizontal guide. The neutrons, which exit the reactor core, aterated by a liquid H cell, and are
cool ed down 1o d2® ek.d elntlcee M f t h esectios makes the serssitivityot p t
the method increase by a factor of twenty, compared to the thermal sensitivity of the beam. Prior to the

a u t heaperdnents the thermal equivalent floithe cold beam was increased fro@® cmi?s? to

1.200° cmi?s* by upgrading the neutron guides.
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Figure 1.1 Prompt Gamma Activation Analysis station at the Institute of Isotopes, Budapest Research Reactor
(BRR).

The test samples were mounted on an aluminium frame with Teflon strings, as seen in Figure 1.1, 1.2
starting with a sample having no voids. Hanple holder chamber was evacuated in order to minimize the
spectral background. A 2x2 émold neutron beam was then applied for irradiation. The irradiation time
was chosen to achieve the counting statistics of necessary confidence limits. In paagbieeosie was
irradiated for about 14000 seconds, while sample two was irradiated for almost 20000 seconds. The
background effects originating from (n,2) react
Pb) were calculated, as listieder in Tables 1.1 and 1.2.

Parallel to the irradiation, the prompt gamma spectra were recorded with a specially designed detector
system. This consisted of a 27% high purity Germanium detector surrounded with Bismuth Germanate
scintillators which are dbcated to performing the Compt@uppressed measurement mode. The signals
coming from the detectors are processed using a S100 multichannel analyser. All the spectra were evalue
using a HypermelPC. The element identification is based on a pregapamalibrary [1.7].
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Figure 1.2. SU-8 microturbine sample fastened with Teflon strings onto an aluminium frame for introduction into

the PGAA measurement chamber.

1.4  Data Analysis and Results
The total detector coutdr for a particular peak in a PGAA experiment is directly proportional to the mass
m of the corresponding element, the analytical sensitvapd the measurement tirhesuch that:

The count ratedNe/dt, is proportonal to the number of nuclei emitting the gamma photons of a given

energy, and may be expressed as:

dN a r)N
—P=h 7 %SQ(En)F(En,r)e(E r)dE,d3r

dt v E=0 (1.2)
whereNpis the peak area, K) is the local density of the element of interest at positibizvi s Av ogad:

numberM is the atomic mass oftheelemaint, s t he parti al gamma Eary pr
is the | ocal Enrpisitherdetectorefficiency. and U (

In practice a few simplifications can be introduced. Firstly, the partial gamma raycpoodcrosssection is

assumed to take the form:
Sg=q3 Qg (1.3)

wherel is the thermal neutron absorption cresstion,|l, is the probability of gamma ray emission afhid

the isotopic abundance. Secondly, if it is assumedhlbatample is homogeneous, and sufficiently small

that the spati Bl daho) oéi(eemegleaes, Equationi(.2, 1.3) can be simplified

to:

de _ a mNAV

pm S g(En)F (En)e(Eg)dE,
E,=0
n (1.4)
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A further simplification can be made by assuming thatiitector efficiency does not vary over a given
gamma peak. In this case the total count may be expressed as:
MNaAy 2 s o . ..
Np =—Q]Q'00 @OQ‘(E )CD
M g g (1.5)
w h e ro&s theéithermal equivalent flux, defined such that:

o]
fis (En)F (En)dE, =soF o
En =0 (1.6)

From Equation.5), the analytical sensitivity, typically expressed in units of c@ntis!, is obtained as:

Np Nay s m s s
s=—P=ﬁ@;o;oogcro@(Eg)

mt (1.7)

The analytical sensitivities for the most intensive preggrhma lines of all the chemical elements were
determined by intmal standardisation measurements at the BRR and collected in a new PGAA-gamma
spectrum catalogue [1.7]. Using these published values, the relative abundancesp@veagitage ratios)

of two arbitrary elementX andY in a sample can be obtained slynfsom the correspondiniye values

since, from Equation (1.1):

wt%o(X) _ my _ Npx /Sx _ Npx Sy

wt%(Y) my  Npy/Sy Npy Sy (1.8)

While Equation (1.8) yields only the relative abundances, if all the major components in the sample are

identified the absolute wt% levels can be obtainedpgplying the following normalisation:

4 wt%() =100
i (1.9

This normalisation method was applied for the twe&&hmples analysed in this work.

In calculating the element concentrations only the 25 most intensive gamma lines were used. During the
calculations, gamma lines which suffered from peak interference (i.e. overlap with nearby peaks) were
eliminated from the determination of the elememasmtrations. In Table 1.1 the most intensive gamma

lines for the elements are reported. These resulted from all the lines that were identified in the samples. T
symbols and atomic masses of the isotopes, the order of peak intensities, relative ge#ikearea
characteristic gamma energies and their uncertainties, the partial gamma ray production cross sections at

the calculated sensitivities are listed.

The two SU8 samples had been processed under the following conditions:
SU-8 sample one: Soft bakal by heating at 90 °C for 158 hours

Final solidification using 10 min UV plus heat at 90 °C for 40 min
SU-8 sample two  Soft bake heated at 90 °C for 158 hours

Final solidification using 20 min UV and heat at 90 °C for 20 min
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El A No. Rel. Area |E (keV) dE (keV) | s Sens.
(cps/mg)

H 1 1 100 2223.3 0.019 0.333 3.4

C 12 1 100 1261.708 |0.057 0.00127 |0.0017

C 12 2 60.55 4945.302 |0.067 0.0028 |0.0011

C 12 3 38.02 3684.016 [0.069 0.00121 |0.00066

O 16 1 100 870.682 (0.034 0.00018 |0.00023

@) 16 2 73.5 1087.714 |0.031 0.00015 |0.00016

@) 16 3 50.79 2184.381 [0.039 0.00015 |0.000096

O 16 4 7.01 3272.109 |0.069 0.000035|0.000015

F 19 1 100 1633.602 |0.015 0.0093 |0.0064

F 19 2 99.00 583.493 [0.022 0.0034 |0.005

F 19 3 51.14 655.942 0.022 0.0019 |0.0025

S 32 1 100 841.013 |(0.014 0.36 0.236

S 32 2 27.53 2379.495 |0.035 0.214 0.064

S 32 3 16.16 5420.241 |0.1 0.32 0.038

Cl 35 1 100 517.077 ]0.008 7.4 6.28

Cl 35 2 66.79 1164.831 |0.012 8.9 4.22

Cl 35 3 48.49 788.370 [0.212 5 3.12

Fe 56 1 100 352.332 |0.016 0.284 0.205

Fe 56 2 57.57 122.078 |0.022 0.099 0.122

Fe 56 3 30.60 691.914 |0.016 0.142 0.062

Sb 121 1 100 121.643 |0.042 0.4 0.226

Sb 121 2 76.96 61.513 0.044 0.27 0.18

Sb 121 3 75.64 115.044 |0.044 0.3 0.17

Pb 207 1 100 7367.833 [0.118 0.137 0.00165

Table 1.1. List of the most intensive gamma line data for the elements identified in the samples, showing the
symbols and atomic masses of the isotopes, the order of peak intensities, the relative peak areas, the characteristic
gamma energies and their uncertas, the partial gamma ray production cross sections and the calculated

sensitivities.

Table 1.2 shows the measured compositions of the two samples in both atomic percentage and weight
percentage. The major constituents identified were carbon (C)enxX@, hydrogen (H) and fluorine (F).

In addition, small concentrations of several other elements were identified, including antimony (Sb), lead
(Pb), sulphur (S), chlorine (Cl) and iron (Fe). Other trace contaminants, if there were any, fell under the
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detection limits of PGAA. The two compositions are compared-bidside in Figure 1.3, and it can be seen

that there are only small differences between the two.

SU-8 sample one SU-8 sample two
El. |[C% |Unc.|C%| Relunc.|Abs.unc/C% |Unc.| C%| Rel. unc. Abs.

atom. | % ellel | % atom. | % ellel | % unc.
H 456 |23 |6.0 |44 0.3 447 (3.1 |57 |6.0 0.3
C 426 |26 |67 |3.8 2.6 399 |35 |61 |58 3.5
@) 9.9 15921 |141 2.9 13.7 176 |28 |14.8 4.1
F 1.6 85 |41 |91 0.4 15 9.2 |35 104 0.4
S 0.091 |35 |0.38]|5.0 0.02 0.090 4.1 |0.37|6.6 0.02
Cl |0.035 |45 |0.16|5.8 0.01 0.034 | 5.0 |0.15|7.2 0.01
Fe |0.0095/8.3 |0.07|9.0 0.01 0.0073| 12.4 | 0.05| 134 0.01
Sb [0.064 {36 |10 |51 0.1 0.065 |42 |10 | 6.6 0.1
Pb | 0.029 {149|0.8 | 15.2 0.1 0.029 116908 |17.6 0.1

Table 1.2. List of theelemental compositions of S8Jpolymer samples one and two having different solidification
and hardening prreatmentsRel. uncandAbs. uncare relative and absolute uncertainties in the measured

concentration levels.

100

S50-8 sample1 m
SU-3 sample 2 @
H [ u] F 5 [ Fe Sb Fo

Elemental composition of SU-§

Atomic weight %

Figure 1.3. Atomic weightpercentages of different elements in-8damples 1 and 2, as determined by PGAA.
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1.5 Conclusions from PGAA Experiments

The results obtained in this preliminary PGAA investigation suggest that differences in UV exposure and
postbaking have little effect on the final elemental composition 0i8SUhe two samples tested were
exposed to different post baking and UV exposluations but showed no significant differences in any
elemental percentage. This is a positive result in the sense that significant differences in composition wou
be likely to be accompanied by differences in chemical or mechanical properties ofcéssprbpolymer.

It is perhaps a somewhat surprising finding since changes in processing might be expected to affect at lec
the hydrogen and oxygen levels; however, if such effects occur predominantly at the material surface ther

this would have only a saii effect on the PGAA result.

The results also demonstrate the application and usefulness of PGAA in the industrial field of polymer
investigation. The results further confirm that PGAA is a useful industrial tool that is well suited to the
investigaton of other polymer materials. Applying PGAA to S polymer has demonstrated its potential

for industrial applications, and will hopefully encourage its adoption in other polymer analysis sectors.

The above work was done wittMassimo Rogante, Director 6the Rogante Engineering Office (ltaly),

Adel Lén and Laszlo Rosta, Budapest Neutron Center (Hungary)
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