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Fyrirlestur 1

Lifefnavinnsla 4 islandi
Fortid - nutid - framtio?

Horour Filippusson

Raunvisindastofnun Haskélans, Lifefnafredistofa, Dunhaga 3, IS-107 Reykjavik

[ pessu erindi verdur litid yfir sogu sidustu aratuga med tilliti til peirra hugmynda sem settar hafa verid
fram og tilrauna til adgerda 4 svidi lifefnavinnslu, einkum med tilliti til vinnslu ur innlendum hraefnum.

Arid 1973 skipadi idnadarraduneytid Lyfja- og lif-efnavinnslunefnd sem skiladi aliti ari sidar. Nefndin
taldi ad lifefnaidnadur etti sér mjdg bjarta framtid enda veeri hér fyrir hendi mikid magn hréefna, innyfli
fiska, hvala og slaturdyra, sem Gr metti vinna margvisleg verdmat efni. Nefndin setti fram all-margar
tillsgur ad rannséknum til undirbunings slikum idnadi. A nestu tveim til prem aratugum eda svo var
rannséknaverkefnum byggdum 4 mérgum af bessum hugmyndum hrint { framkvaemd.

Unm ératug sidar er mikil groska ordin { rannsoknum 4 svidi lifefnateekni, studd af verulega auknum opin-
berum framldgum til rannsokna og erlendum styrkjum. Nystofnadur Teknisjodur 4 vegum
Rannsoknaréds setti { gang lifteknidztlun. Norren lifteknidetlun var { gangi 1988-1990 og kom mjog
vid sogu hér. Af pessu leiddi mikilsverda upp-byggingu innvida, tekjabinadar, adst6du og pekk-ingar 4
peim rannséknastofum sem batt toku i verk-efnum 4 pessu svidi, einkum vid Haskola Islands,
Rannsoknastofnun fiskidnadarins og Idnteknistofn-un.

Um svipad leyti hafdi erfdatzekni vaxid mjog fiskur um hrygg og lifteekni byggd 4 beitingu hennar, en st
préun 4tti eftir ad valda geysimiklum breytingum 4 allri lifefnavinnslu og minnka mikilvagi natturlegra
hraefna fyrir framleidslu préteinafurda.

Heér 4 landi spruttu upp fjolmorg fyrirteeki sem meira eda minna byggdu & nidurstédum beirra rannsokna-
verkefna sem unnid haf6i verid ad a adurnefndum stofnunum.

Fjallad verdur stuttlega um nokkur pessara fyrirtzkja og hvernig peim hefur reitt af. Hvada lifefnavinnsla
er stundud 4 fslandi n1? Hvada breytingar hafa ordid 4 umhverfi slikra fyrirtzkja og dherslum beirra?

A lifefnaidnadur framtid fyrir sér 4 [slandi?



Lecture 1

Biochemicals industry in Iceland
Past - present - future?

Hordur Filippusson

University of Iceland Science Institute, Biochemistry Department, Dunhaga 3, IS-107 Rey-
kjavik, Iceland

This lecture will attempt to give an overview of the recent decades with respect to the ideas
which have been proposed and the attempts which have been made towards the production of
biochemicals in Iceland, especially extraction from local raw materials.

In 1973 the Ministry for Industry formed a committe to look at the production of pharmaceuti-
cals and biochemicals in Iceland. The committe reported a year later. It concluded that the fu-
ture of biochemicals production in Iceland was very bright as a great deal of raw material, the
inner organs of fish, whales and slaughterhouse animals, was in plentiful supply and a variety of
valuable compounds could be isolated from them. The committee suggested various research
programmes which would be necessary as preparation for such industries. Over the following
two to three decades many of these ideas became the basis of actual research programmes.

A decade or so later we find a vigorous research effort in the field of biochemical technology,
supported by substantially increased government funding for research as well as foreign grant
money. A newly established Technical Fund under the Research Council established a biotech-
nology funding plan. A Nordic biotechnology plan was in operation during 1988-1990 and had
a substantial influence here. This led to an important increase in infrastructure, equipment, facil-
ities and expertise, in the laboratories participating in these projects, in particular at the Univer-
sity of Iceland, the Fisheries laboratories and te Industrial Technology Institute .

At about tis time gene technology had become an increasingly powerful tool and biotechnology
based on it. This development was to destined to caus immense changes in everything concern-
ing production of biochemicald and decrease the importance of natural raw materials as sources
of biochemical compounds.

In Iceland a substantial number of commercial enterprises were started up as a more or less di-
rect result of the research programmes of the aforementioned institutions.

In this lecture we will mention briefly some of these companies and how they have succeeded.
What biochemicals are being produced in Iceland at present. What changes have occurred in the
environment in which such companies find themselves and in the direction they have taken.

Is there a future for biochemicals production in Iceland?




Fyrirlestur 3

Efnafrzaedi fyrir born 4 6llum aldri
Katrin Lilja Sigurdardéttir

Raunvisindastofnun Haskéla fslands, Dunhaga 3, 107 Reykjavik, island

Efnafradi er su fredigrein sem hefur fengid vidurnefnid “The central science” sem mztti byda sem “hin
midlega visindagrein”. Astedan fyrir nafngiftinni er medal annars su ad freedigreinin tengir saman edlis-
visindi og lifvisindi.

Efnafreedikunnatta er grundvollur fyrir velgengni i fjslmérgum 68rum ndmsgreinum, en pratt fyrir
greinilegt mikilveegi greinarinnar er raunin su ad 4 Islandi geta nemendur lokid leikskola,
grunnskéla og framhaldsskéla an bess ad lera stakan staf i efnafraedi. Su stadreynd er merki pess
ad porf sé 4 almennri hugarfarsbreytingu skélayfirvalda gagnvart efnafradi.

Fjallad verdur um efnafredi sem fredigrein og stédu hennar innan skdlakerfisins. Jafnframt
verdur rett um hvernig haegt sé ad vekja dhuga barna og hvernig kennslu sé best hattad fyrir
yngstu kynsl6dina. Einstok verkefni sem yta undir jakvaett hugarfar gagnvart efnafradi verda ein-
nig til umfjéllunar og ma bar helst nefna Haskoéla unga folksins, Sprengjugengid og hina arlegu
Landskeppni framhaldsskolanna i efnafradi og Olympiukeppni i efnafraedi.

Chemistry for children of all ages
Katrin Lilja Sigurdardéttir

Science Institute, University of Iceland, Dunhagi 3, 107 Reykjavik, Iceland

Chemistry is often called “The central science” because it connects all the other sciences
together. Therefore, Chemistry should be a fundamental subject in the education of Icelandic chil-
dren. For some reasons it is not. In fact, some people have never learned a single word in chemis-
try throughout their whole school attendance. But how can this be changed?

It is obvious that the attitude towards chemistry in general needs to change. In Iceland, there are
some projects that are already making a big difference for that matter, e.g. “The university for the
youth”, “Sprengjugengid”, and The Annual Domestic Trial in Chemistry and the International
Chemistry Olympiads. But it is also necessary to take a look at the status of Chemistry within the
school system.




Fyrirlestur 4

Préun i Kvenné
-timi nemenda er dyrmsaetur

Elva Bjort Palsdottir og Ragnheidur Erla Résarsdottir

Kvennaskdlinn i Reykjavik
Frikirkjuvegi 9

Uppur aldamétum vorum vid hér { Kvenn6 ordnar langpreyttar 4 hversu erfitt var ad fa nemen-
dur til a6 lera (vinna). Vid vorum med hefdbundid fyrirlestraform(glarur og tafla) med deema-
og verklegum timum inn4 milli. Einnig var @tlast til heimavinnu en bar var allur gangur 4 ski-
lum.

Eftir nokkrar pzlingar akvadum vid ad kavenda kennslunni, ni skyldu nemendur lera ad lera.
Kynningin fjallar um hvernig vié komum bessu 4 koppinn og hvernig petta hefur proast 4 pes-
sum 8 arum sem eru lidin sidan vid byrjudum.

A step forward in Kvenno

- making the best use of the students time in school
Elva Bjort Palsdottir og Ragnheidur Erla Résarsdottir

Kvennaskdlinn i Reykjavik
Frikirkjuvegi 9

A couple of years after the turn of the century it was getting too obvious that the students
time in school was not very efficiently used. We had been teaching with traditional
methods, lectures (PP and board) with problem solving and experimental work now and
then. We assigned homework which was not always handed in.

After a lot of thinking we decided to do things radically different. We were going to
teach our students how to learn chemistry with their own devices. This presentation
shows how we did that and how this method has evolved over the last 8 years.




Fyrirlestur 5

Efnafreedirannsoknir hja Actavis: Nidurbrot lyfjaefna i lyfjavéorum.
Stefan Jonsson

Department Manager, Actavis Reykjavikurvegur 76-78, 220 Hafnarfjordur

Farid verdur yfir helstu tegundir nidurbrotsferla lyfjaefna i lyfjavérum, og 1josi varpad 4 pann mun
sem gjarnan er 4 nidurbrotsefnahvérfum og peim efnahvorfum sem vid pekkjum ur
efnasmidamidudu namsefni okkar { lifrenni efnafradi. Nokkur demi verda tekin um nidurbrotsefni
lyfja sem sannkennd hafa verid hja Actavis, og um tilraunir til efnasmida a peim.



Fyrirlestur 6

Notkun massagreina 4 kliniskum rannséknastofum

Finnur Freyr Eiriksson

Lzkna- og lyfjafredideild, Haskoli Islands, Reykjavik, fsland

Mikilveegi massagreina 4 kliniskum rannséknarstofum hefur aukist mikid sidustu ar. Medal annars
mé rekja pa proun til pess ad notkun massagreina hefur verid gerd audveldari 4 undanfdrnum arum.
b4 hefur pad verid adkallandi ad massagreinar séu i meira meali notadir & kliniskum
rannsoknarstofum til pess ad hagt sé ad mala ndkveemlega pau lifmérk sem barf vid annadhvort
sjukémsgreiningar eda melingar til ad stydjast vid styringu & lyfjagjof. Vokvaskilja tengd
radtengdum massagreini (LC-MS/MS) er framurskarandi greiningartzkni med frabezra valvisi,
nemni og mikil afkost. Vid adferda préun 4 LC-MS/MS parf ad hdmarka margar breytur til ad na
fram hamarks nemni og sérteekni. Med bvi ad notast vid efnatolfradi er hagt ad draga verulega ur
tima sem parf vid adferdapréun & LC-MS/MS.

[ pessum fyrirlestri verSur dregin fram miklvaegi massagreina a kliniskum rannsOknarstofum. ba
verda einnig gefin demi um nytsemi massagreina vid sjikdomsgreiningar og vid styringu
lyfjamedferdar sjuklinga.



Fyrirlestur 7

Ion mobility-mass spectrometry: using collision-cross sections of
common metabolites to support metabolomics applications.

Giuseppe Paglia

Center for Systems Biology, University of Iceland, Reykjavik, Iceland

Metabolomics aims to measure the complete set of small metabolites (metabolome) present in
biological samples. The development of reproducible analytical workflows for measuring and
monitoring the metabolome is one of the major analytical challenges of this century.

Ion mobility spectrometry (IMS) is a gas phase electrophoretic tecnique, which separates
molecules according to their charge, shape and size as well as their interaction with a buffer gas.

Charge, shape and size of an ion define its collision cross section (CCS), which is the area
interacting with buffer gas moleucules. This is a chemical information directly related with the
chemical structure of a given metabolite.

The IMS separation occurrs in the milliseconds timeframe making it compatible with mass
spectrometry (MS) detection.

Hyphenated techniques coupling liquid chromatography (LC)-MS with ion mobility are a
promising field in metabolomics, providing ion mobility-derived information in addition to
retention time and mass, resulting in an increased peak capacity and specificity.

Here we explore the use of IM-MS in combination with LC in metabolomics, as well as the
reproducibility of the procedures for deriving CCS and the possibility of building new databases
containing mobility information.



Fyrirlestur 8

The Future Separates From The Past
Kennet Joelsson

Sales Specialist High Resolution MS, Waters Sverige AB

Imagine a lab where all analytical scientists can acquire high-quality mass spectral data. On their
own. Within their existing workflow's. Across every sample. Without training. A lab where
uncertainty about compounds is replaced by fast, efficient conformation and confidence that comes
with crossing LC/MS divide like never before. Now imagine all this happening at the push of a
button. This is where its get interesting.

In this presentation we will learn about the new unique affordable QDa MS detector from Waters,
so small so it would fit in to your “hand luggage”.




Fyrirlestur 9

Framleidsla a ali hja Nordurali
Gisli Bragason
Nordural ehf. Grundartanga

Alframleidsla i dag fer adallega fram med Hall/Héroult adferdinni. Su adferd var bréud af
Bandarikjamanninum Charles Martin Hall og Frakkanum Paul Louis Toussaint Héroult. Adferdina
préudu peir hvor 1 sinu lagi og séttu badir um einkaleyfi fyrir henni 4rid 1886. Hun felst i bvi ad leysa
sural upp i fljétandi kryoliti (Na;AlFs) 1 jarndeiglu, setja forskaut ir kolum ofan i blénduna og hleypa &
straumi. Adferdin i dag er enn s sama bd svo ad teknileg utfzersla 4 rafgreiningarkerjum hafi tekid
framforum.

Til pess ad framleida 1 tonn af 4li parf um 2 tonn af surali, 0,5 tonn af kolefni, 11 kg af 4lfluoridi og 13,5
MWst af raforku. Naudsynlegt er ad nota fltior { alframleidslu til pess ad leysa strél upp vid vidunandi
hitastig, p.e.a.s. um 950°C { stad 2100°C sem er bradslumark surdls. Vegna harrar stadalspennu als er
naudsynlegt ad hafa forskautin Gr kolefni og ,,forna“ pvi til bess ad fa hreint al. Ef forskautin veru ur
malmi myndu peir mélmar, sem hagt veri ad nota, afoxast vid bakskautid og blandast alinu en med
forskautum ur kolefni rykur koltvioxid i burtu og eftir verdur hreint al. Alver framleida pvi koltvioxid i
miklu magni en koltvioxid sem verdur til i dlverum 4 Islandi, og 68rum alverum sem nota raforku fra
vatnsaflsvirkjunum, er p6 margfalt minna en pad sem verdur til vid framleidsu 4ls par sem kol, olia eda
gas er notad vid raforkuframleidslu.

Aluminium production at Nordural
Gisli Bragason
Nordural ehf. Grundartanga

Aluminium production today is primarily performed with the Hall/Héroult method. That method was
developed by the American Charles Martin Hall and Frenchman Paul Louis Toussaint Héroult. They
developed the method separately and patented it both in 1886. It comprises solving alumina in liquid
cryolite (Na3AlF) in an iron crucible, insert coal-anode into the mixture and apply current. The method
today is still the same even though the technical details of the electrolysis cells has progressed.

In order to produce one tonne of aluminium, about 2 tons of alumina, 0.5 tons of carbon, 11 kg of
aluminum fluoride and 13.5 MWh of electric power is needed. It is necessary to use aluminum fluoride in
order to dissolve the alumina at an acceptable temperature, ie at 950°C instead of 2100°C which is the
melting point of alumina. Because of the high standard voltage of aluminium it is necessary to make
anodes out of carbon and then "sacrifice” the carbon in order to obtain pure aluminium. If anodes were
made out of metal, the metals which could be used would be reduced at the cathode and mixed with the
aluminium, but with anodes made out of carbon the carbon dioxide will evaporate, leaving pure
aluminium. Smelters therefore produce carbon dioxide in large quantities but carbon dioxide arising from
smelters in Iceland, and other plants that use electricity from hydropower stations, is far less than from
smelters that use electricity generated from burning coal, oil or gas.



Fyrirlestur 10

Traust, ast og einkveeni. Efnafraedi tilfinninga
Sigridur Olafsdéttir

SOL radgjof, Frostaskjoli 89, 107 Reykjavik

i erindinu verdur fjallad um nylegar rannsoknir & ahrifum nénapeptidhormoénanna oxytocin og
arginin-vasopressin 4 félagshegdun og tilfinningar. Badi hormon eru faanleg 4 nefidaformi og
pvi einfalt ad nota i rannséknir 4 ménnum og bera saman vid lyfleysu. Lyst verdur nokkrum
tilraunum og teknar saman helstu hugmyndir um hlutverk horménanna hja dyrum og ménnum.

The talk will describe recent studies on the effects of the nonapeptide hormones oxytocin
and arginine-vasopressin on emotions and social behavior. Both hormones are available
as nasal spray and are convenient for use in placebo controlled human studies. A few
studies will be described in some detail and ideas on the role of these hormones in ani-
mals and humans will be summarized.

Selected bibliography

Bos, Peter A., et al. "Acute effects of steroid hormones and neuropeptides on human social—
emotional behavior: a review of single administration studies."Frontiers in Neuroendocrinology
33.1(2012): 17-35.

Graustella, Adam J., and Colin MacLeod. "A critical review of the influence of oxytocin nasal
spray on social cognition in humans: evidence and future directions." Hormones and behavior
61.3 (2012): 410-418.

Kosfeld, Michael, et al. "Oxytocin increases trust in humans." Nature 435.7042 (2005): 673-676.
Zak, Paul J., Angela A. Stanton, and Sheila Ahmadi. "Oxytocin increases generosity in humans."
PLoS One 2.11 (2007): e1128.

Williams, Jessie R., et al. "Oxytocin administered centrally facilitates formation of a partner pref-
erence in female prairie voles (Microtus ochrogaster)." Journal of neuroendocrinology 6.3 (1994):
247-250.
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Veggspjald 1

Impact of chain length on Antibacterial activity and Hemocompatibil-
ity of Quaternary chitosan derivatives

Priyanka Sahariah®, Berglind Eva Benediktssdottir®, Martha H]almarsdottlr Olafur
Eysteinn Sigurjonsson‘, Knud J. Jenssen’, Miar Mdsson™

*Faculty of Pharmaceutical Sciences, School of Health Sciences, University of Iceland, Hofsvallagata 53, IS-107
Reykjavik, Iceland
*Department of Biomedical Science, Faculty of Medicine, University of Iceland, Stapi, Hringbraut 31, 101 Rey-
kjavik, Iceland
°The Blood Bank, Landspitali University Hospital, Reykjavik, Iceland
dFaculty of Life Sciences, Department of Basic Sciences and Environment, University of Copenhagen, Copenhagen,
Denmark

A highly efficient method for regioselective mod-
ification of chitosan biopolymer using a simple
reductive amination procedure to yield N,N-
dialkyl chitosan derivatives was developed. Four
different dialkyl derivatives namely di-methyl, di-
ethyl, di-butyl and di-hexyl were synthesized with
the aid of 3,6-O-di-TBDMS chitosan[1] as a pre-
cursor. The reaction involved treatment of the
protected chitosan with the aldehyde forming the
imine followed by reduction to get the mono alkyl
derivative, which was then subjected to similar
treatment once again to have the dialkylated
product. The use of the TBDMS protected chi-
tosan enabled the reaction to be performed in or-
ganic solvent simplifying the method and result-
ing in 100% substitution.
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Scheme 1: Reagents and conditions : (i) methanesulfonic acid,
water, 10°C; (ii) TBDMS chloride, imidazole, DMSO, N, room
temperature; (iii) Sodiumtriacetoxyborohydride, AcOH, DCM, 40
9C; (iv)aldehyde, NaBH4, DCM, room temperature, (v) TBAF (1
M), NMP, 50 °C. (vi) Mel, NMP, 40°C; (vii) aldehyde, triethyla-
mine, DCM, 45°C; (viii) Sodiumtriacetoxyborohydride, AcOH,
DCM, rat; (xi) TBAF (1 M), NMP, 50 °C. Note : Chitosan has
2% N-acetylation that has been omitted for clarity.
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Dialkylation reaction in absence of the protecting
groups i,e. on native chitosan (unmodified chi-
tosan) was performed under acidic conditions[2]
which resulted in lower degree of substitution. N-
methylation and quaternisation of the dialkyl chi-
tosan derivatives was attempted under different
reagents and conditions. With the protected dial-
kyl compound only a very low degree of quaterni-
sation was obtained due to the sterric hindrance
provided by the highly bulky tertiarybutyldime-
thylsilyl groups. However, a high degree of
quaternisation of these derivatives could be
achieved by using Mel as reagent and NMP as
solvent after the removal of the protecting groups.
The quaternisation reaction yielded compounds
which carried permanent positive charges on the
polymer backbone and showed good aqueous
solubility, making them suitable for antimicrobial
testing. The degree of substltutlon was calculated
from the integrals of "TH-NMR spectrum and all
the derivatives were characterized using 'H-
NMR, IR and COSY spectrum. These quaternary
derivatives were then investigated for antibacteri-
al efficacy against two gram-positive and two
gram-negative bacterial species using the MIC
and the MLC values. Toxicity of the compounds
was evaluated by treatment against human red
blood cells. The amount of hydrophobicity in
terms of chain length necessary for optimum ac-
tivity against each bacterial strain has been opti-
mized.

References

[1] Song, W.L., et al., Functionalized superhydrophobic

biomimetic  chitosan-based films.  Carbohydrate
Polymers,

2010. 81(1): p. 140-144.

[2] Muzzarelli, R.A.A. and F. Tanfani, The N-

permethylation of chitosan and the preparation of N-

trimethyl chitosan iodide. Carbohydrate Polymers,
1985.

5(4): p. 297-307.




Veggspjald 2

Synthesis and Characterization of meso-Tetraphenylchlorin Tethered
Chitosan Based Nanocarriers for Photochemical Internalization

Vivek Gaware', Monika Hikerud'", Sigridur Jénsdéttir'™, Anders Hogset'", Kristian Berg'", Mar
g ot g
Masson

¥ University of Iceland, Reykjavik, Iceland
¥ PCI Biotech AS, N-1366 Lysaker, Norway
! The Norwegian Radium Hospital, N-0310 Oslo, Norway

Four amphiphilic meso-tetraphenylchlorin
(TPC) conjugated chitosan carriers [TPCypo,1-CS-
TMAqy (18), TPCnpo.1-CS-MPyg (19), TPCcpo.1-
CS-TMAgs (23), and TPCcpp1-CS-MPgo (24)]
were synthesized and evaluated for in vitro and in
vivo study for use in the photochemical internali-
zation' (PCI) in cancer therapy. Our, earlier in
vitro study based on amphiphilic meso-
tetraphenylporphyrin (TPP) conjugated chitosan
showed promising results for PCI,* therefore, in
the current study we have synthesized chlorin
conjugated chitosan which unlike porphyrin,
could absorb light in red region and thus allow
deep tissue penetration and effective treatment of
large lesions in vivo. The protocol for synthesis of
two monofunctional hydrophobic chlorin photo-
sensitizers, 5-(p-aminophenyl)-10,15,20-
triphenylchlorin ~ [TPC(p-NH,);] and  5-(p-
carboxyphenyl)-10,15,20-triphenylchlorin
[TPC(p-CO,H),] was optimized. The monofunc-
tional photosensitizers were covalently attached to
3,6-di-O-tert-butyldimethylsilyl-chitosan ~ (DiT-
BDMS-CS) with 0.10 degree of substitution. Tri-
methylammoniumyl (TMA) and/or 1-
methylpiperazinyl (MP) moieties were then intro-
duced with 0.9 degree of substitution to give fully
water soluble final TPC-CS carriers (18, 19, 23
and 24) after TBDMS deprotection as shown in
Scheme 1. Dynamic light scattering results con-
firmed the formation of nanoparticles with a 100-
400nm diameter. These carriers could be activated
at 650 nm (red region) light and are thus suitable
candidates for use in PCI for cancer treatment.
These compounds were evaluated in vitro for light
induced  transfection of EGFP-NI1 in
HCT116/L.UC cells and showed enhancement of
transfection. The carriers were also evaluated in
preliminary in vivo experiments using tumor bear-
ing Hsd:Athymic nude-Foxn!™ female mice. Pic-
tures of illuminated tumor-bearing mice treated
with the carriers 24 and 19 either alone or togeth-
er with the cytotoxic anti-cancer drug bleomycin
can be seen in Figure 2. Untreated animals and
animals injected with TPCS,, + bleomycin were
used as controls. The nanocarriers induced a
strong PCI effect; and seemingly stronger than the
photosensitiser TPCS,, which is currently under
clinical development for cancer treatment. The
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nanocarriers also showed substantial selectivity
and are therefore promising for PCI in cancer
therapy.

Scheme 1. Synthesis of TPC-chitosan nanocarriers 18,

19 and 23, 24
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Figure 2. In vivo bioluminescence imaging after PCI
treatment of tumor-bearing animals with TPC-chitosan
conjugates (24 and 19) and bleomycin. The treatment
for each animal and the time point for imaging (days
after photosensitizer injection) are indicated.
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Stodgun nautatrypsin med leysanlegum kitéfasykrakrossteningum og
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A sidustu aratugum, hefur ordid vaxandi
eftirspurn eftir stodugari ensimum fyrir ymis
not i liftekni og lyfjageiranum sem og f
10nadi.

Krosstenging ensima vid kolhydratafjéllidur

hefur verid tiltslulega vinsal krossteng-
ingaradferd. Glykosylering a oglykodsyle-
rudum ensimum getur leitt til mikillar

breytingar 4 e0li peirra, en kosturinn vid
krossteningu er ad ensimin verda oft stédugri
gagnvart hita and sjalfmeltu (i tilfelli préteasa)
o.s.frv. geymslupol eykst gjarnan lika. Helsti
Skostur pessarar adferdar er tépud virkni.

bad er talid ad krosstengjandi kolhydrét auki
stifni sameindanna, minnki snertingu oskau-
tadra amindsyruleifa vid leysinn o.s.frv. Ef-
natengingar a yfirbordi med einvirkum eda
fasykrum sem ekki valda krosstengingum
st6dga ensim 4 svipadan hatt en einnig geti
,,preferential hydration“-fyrirbaerid lagt
stédgununni 1id.

I okkar rannséknum hefur markmidid verid ad
st6dga trypsin sameindir med krossteningu
kitofasykra (kitésan) sem og efnateningar &
yfirbordi ensimsins med glukésamini til sa-
manburdar. Kitdsanid sem notast var vid i
pessu rannséknarverkefni er oeinsleit blanda
af 4-8 glukésamin-/N-asetylglukos-
aminleifum.

Badar gerdirnar af breytta trypsininu voru
blnar til med pvi ad lata frjalst trypsin
hvarfast vid kitofasykrunar i navist 1-Epyl-
3(dimepylamindpropyl)- karbodiimid og N-
hydroxysulfosukkinimid i litt surum boffer i
24 klst. Petta hvarf kuplar saman surar
aminosyruleifar a yfirbordi trypsinsameinda
vid aminohop/a glikésamin og kitéfasykran-
na.
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Tvd mismunandi hlutfoll krosstengdra ensima
voru valin fyrir verkefnid, 1:5 og 1:10
ensim:kitésan. Rannséknir & stodugleika
breyttu trypsinsameindanna gagnvart haum
hita og ureu (karbamid/pvagefni), motstédu
gagnvart sjalfmeltu, Michaelis Menten hra-
dfraedi, virkni vid mismunandi syrustig, mati 4
molmassa  breyttu trypsinsameindanna og
breytingum 4 annars stigs byggingu voru
rannsakadar eda er ennpd verid rannsaka.

bratt fyrir ad rannsGknargdgnin séu ekki
tilbuin ad fullu, lofa nidurstédur ur
stédugleikamalingum og sjalfmeltumalingum
g6du. Krosstenging kitéfasykra af pessari gerd
virdist vera stédugleikaaukandi fyrir trypsin
vid fyrrgreindar adstedur.
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Over the past decades, there has been a
growing demand for high stability enzymes
for miscellaneous biotechnological, pharma-
ceutical and industrial purposes.

Crosslinking enzymes with carbohydrate pol-
ymers has been a rather popular crosslinking
method. Glycosylation of naturally occuring
unglycosylated enzymes can change their
functionality dramatically, the advantages of
this is that the enzyme may become more sta-
ble toward heat, autolysis (in case of protein-
ases) etc. as well as it can improve storage
stability. However, the most common disad-
vantage of this method is reduced activity.

It is thought that crosslinker carbohydrate pol-
ymers increase the structural rigidity of the
enzyme, reduce the exposure of nonpolar resi-
dues toward the solvent etc. Surface modifica-
tion with monofunctional or non-crosslinking
oligosaccharide stabilize enzyme similarily as
crosslinking, although preferential hydration
may also be a contributing factor.

In our research the aim has been to provide
increased stability to trypsin molecules by
crosslinking with chitooligosaccharide (chi-
tosan) and by surface modification with glu-
cosamine for comparison. The chitosan used
in this research are heterogenous mixture of 4-
8 glucosamine/N-acetylglucosamineresidues.

Both preparations were made by letting na-
tive trypsin react with the oligosaccahride or
glucosamine in the presence of 1-Ethyl-3-
(Dimethylaminopropyl)carbodiimide and N-
Hydroxysulfosuccinimide in sligthly acidic
buffer for 24h. This reaction couples acidic
residues on the trypsin surface to amino
group/s on the chitooligosaccharide and on the
glucosamine.
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Two different ratios of crosslinked enzyme
were chosen for this study 1:5 and 1:10 en-
zyme:chitosan. Studies on stability in high
temperature and urea (carbamide) , suscepti-
bility toward autolysis, Michaelis Menten ki-
netics, pH profiles, estimation of molecular
size of the preperations and conformational
characterization have been conducted or are
ongoing.

Although the study has not been completed
yet the results on the temperature stability and
autolysis are promising. Chitooligosaccharides
seem to be a good stabilizing crosslinker for
trypsin under the aforementioned conditions.
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Ymsir hradafredilega stodgadir mondsila-
arématar og nokkrir disflaarématar hafa verid
smidadir{1-8]. Forsendur hradafredilegrar stodg-
unar kisilatémanna { pessum efnum er &lagn-
ing gridarlega ramfrekra hépa eins og Tbt
(Tht = 2,4,6—tris[bis(m’metylsﬂYI)metyl]fen)’ll)[1]
og Bbt (Bbt = 2,6-bis[bis(trimetylsilyl)metyl]-4-
[tris(trimetylsilyl)metylifenyDI2].

Pratt fyrir ad stédug trisilabensen hafi ekki
enn verid smidud hafa tilraunir bent til myndun-
ar 1,3,5-trisflabensens { hvorfum hlidarmdlmjéna
og syklépentadienylhlidarmdlmjona vid 1,3,5-
trisflasykl6hexan { gasfasa[9]. Ad auki benda nid-
urstédur reiknirannsékna til ad myndun slikra sam-
einda sé varmafredilega hagkvaem([10, 11].

Vid hofdum dhuga 4 smidi hradafredilega
stodgads 1,3,5-trisflabensens. Sokum innbyrdis na-
lzegdar kisilatémanna { slikri sameind er ekki van-
legt ad nota gridarlega rimfreka hopa eins og Tbt
eda Bbt. I 1j6si pessa leitudum vid leida vid ny-
smidi forefnis fyrir 1,3,5-trisilabensen dr 1,3,5-
trisflasykl6hexani, sem st6dgad veeri med minni, en
p6 rimfrekum, hépum (Mynd D).

Mes Dipp

Mynd 1: Rimfrekir hépar sem valdir voru til stodgunar
kisilatémanna { efnasmidum okkar.

Li

Ny 1,3,5-trisflasykl6hexén med ymsum set-
hépum voru smidud og greind med NMR og
einkristallagreiningum. ~ Pessar rannsoknir nadu
hamarki pegar pad heppnadist ad smida 1,3,5-
trikl61r6-1,3,5-tris(Dipp)-1,3,5-trisflasyklohexan,
sem vid teljum vera dlitlegan forvera 1,3,5-
trisilabensens (Skema 1).
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Skema 1: Leid ad smidi 1,3,5-tris{labensen forvera med 1,3,5-trisflasykléhexan sem upphafsefni.
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Several kinetically stabilized monosilaaromat-
ics and some disilaaromatics have been synthe-
sized[1-8]. Kinetic stabilization of the silicon cen-
tres in these substances is achieved through the ad-
dition of extremely bulky groups such as Tbt (Tbt=
2,4,6-tris[bis(trimethylsilyl)methyl]phenyl)[1] and
Bbt (Bbt = 2,6—bis[bis(trimethylsilyl)methyl]—4—
[tris(trimethylsilyl)methyl]phenyl)[2].

Stable trisilabenzenes have not yet been syn-
thesized. However, experimental evidence exist
suggesting the formation of a 1,3,5-trisilabenzene
in gas-phase reactions of transition metal ions and
cyclopentadienyl transition metal ions with 1,3,5-
trisilacyclohexane[9] and indeed theoretical studies
indicate the formation of such a compound to be
thermodynamically feasible[10, 11].

We were interested in the synthesis of a Kineti-
cally stabilized 1,3,5-trisilabenzene. However, due
to the close proximity of the three silicon centres in
such a compound, kinetic stabilization through ad-
dition of the extremely bulky Tbt and Bbt groups is
not feasible. In light of this we sought a synthetic
route from 1,3,5-trisilacyclohexane to a precursor
for 1,3,5-trisilabenzene stabilized with smaller, yet
bulky substituents (Figure 1).

Dipp

Figure 1: Bulky groups selected for stabilization of the
silicon centres in our synthetic trials.

Several novel substituted 1,3,5-trisilacyclo-
hexanes were synthesized and characterized by
NMR and X-ray crystallographic techniques. This
research culminated in the successful synthe-
sis of 1,3,5-trichloro-1 ,3,5-tris(Dipp)-1 ,3,5-trisila-
cyclohexane (Dipp = 2,6-di(isopropyl)phenyl),
which we believe is a promising precursor to 1,3,5-
trisilabenzene (Scheme 1).
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Formali

Cyanid er efni sem er notad i idnadi. Ef einstak-
lingur kemst i snertingu vid of mikid magn af
cyanidi gatir dhrifa eitrunar fljott. Banveenn
skammtur leidir til dauda 4 innan vid 20 minGtum.
Medferdartrredi eru af skornum skammti og er
préun 4 skilvirkri medferd pvi mikilveg fyrir
heilsu almennings. Moélybdenum komplexar sem
innihalda 6st68ug brennisteinsatéom virka oft sem
skadlausir brennisteinsgjafar 1 liffreedilegum ker-
fum. bessi eiginleiki mélybdenum komplexa gerir
pa hentuga i hvétun afeitrunar & cyanideitrun i
moénnum.

Nidurstoour

(Et,N),[(CN);M0,0,5;] (Mynd 1) var smidad

med audvelda hvarfinu 4 EtNCN o vid

[(DMF);Mo0,0,5,] .

Mynd 1. Médel af byggingunni 4
(Ety N), [(CN);M0,0,5,]. 1

(Et N),[(CN),M0,0,5;] hefur molmassann
632.6176 gmol’. ESI MS stadfesti byggingu
komplexins. Mzling i neikvadu svidi syndi topp
vid 501.8835 m/z, sem er i samr@mi vid anjon
komplexins med hledsluna -1.

Innrautt r6f komplexins synir Mo — O teygjur vid
891 og 904 cm™ , Mo = S; vid 487 em™, Mo — S,
vid 468 cm™ og C — N vid 2116 em™ (Mynd 2).
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Mynd 2. IR rof af (EtyN), [(CN); Mo, 0,5,].

UV-vis 16f af komplexinum synir topp vid 358
nm (mynd 3). Gleypnifasti komplexins er 4665 L
mol™ em™.
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Mynd 3: UV-vis réf af (Ety N); [(CN);Mo; 05,1
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Formation of Molybdenum Sulfido Complex in a Sulfur Abstraction

Reaction
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1 Introduction

are limited. An efficient mass treatment for cya-
nide poisoning is essential for public health. Mo-
l lybdenum sulfur complexes containing labile sul-

‘ Cyanide poisoning is rapid and treatment options

fur atoms often serve as non-toxic sulfur donors
in biological systems. This property makes mo-
lybdenum complexes suitable for the bioinorganic
catalysis of cyanide detoxification.

Results
(Et,N),[(CN);Mo,0,5;] (Figure 1) was synthe-

| sized by the facile reaction of Et,NCN with
’ [(DMF),Mo,0,5,].
|

Figure 1. A model of the structure of
(Ety N}, [(CN),Mo,0,5,]. '

(Et,N),[(CN),M0,0,5,] has the molecular
weight of 632.6176 gmol™. ESI MS verified the
structure of the complex. Negative scan mode
showed a peak at 501.8835 m/z, which is con-
sistent with the monoanion of the complex.

The infrared spectra of the complex shows Mo —
O vibrations at 891 and 904 cm™ , Mo = S, at 487
cm™, Mo — Sy at 468 cm™ and C ~ N at 2116 em’!
(Figure 2).
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Figure 2. IR spectrum of CEt,N), [(CN) ;Mo0,0,5,].

UV-vis spectrum of the complex shows a peak at
358 nm (Figure 3). The molar absorbtivity of the
complex is 4665 L mol™ cm'l, which is consistent
with a charge transfer transition.

.0,1320 370 420 470 520 570
A{nm)

Figure 3: UV-vis spectrum of

(Ety N) 1 [(CN), Mo, 0,541
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Litréfsgreining 4 efnahvorfum [M0,0,S4DMF);] vid Cysteine i lausn

Joén Petur Gunnarsson, Sigridur G. Suman
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Cysteine er liffredilega mjog mikilvaegt moélekul
og hefur umtalverdan styrk i blodi. Pad er mjog

mikilveegt ad skilja efnahvorf bess vid
[Mo0202S4(DMF)3] i lausn. Rannsékn 4
efnahvarfi Na2Cysteins i lausn  vid

[M0202S4(DMF)3] voru framkvemdar til ad
to akvarda hvarftiman cysteins, sem og ad
dkvarda fjolda og edli myndefna. Nidurstédur
okkar syna ad hvarfinu likur & tveimur Klst.
Lausnir voru utbunar og latnar na jafnvagi vio
stadaladstedur. Nidurstédur Gr mealingum
lausnanna gafu mettunarferla sem voru
greindir.Greining syndi ad cysteine mynd
1:1 og 2:1 komplexa med (Mo2OZS4)“
joninni.  Hlutfallslegur  styrkur cysteins og
complex redur hvort myndefnid myndast.
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Mynd 1. Efnasmidi 4 Na salti af cysteine og hvarfi
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Mynd 2. Synir gleypni (@444nm) & moti hlutfalli
NaCysteine og [(DMF) ;M0,0,S,].
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Mynd 3. Synir mynd hlutfalls a milli [(DMF) ;M0,0,S.4]
og Na,Cysteine.
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Mynd 4. Grif af Naycysteine hvarfi vio komplex 2,hcegt
er ad sjé hvernig hvarfio dgerist, efsta linan er fra 10
sek eftir ad Na,Cystein er beett ut i og nedsta lina synir
24 timum eftir ad Na2Cysteini.

Nidurstodur:
Efnafredi  molybdenum  komplexsins  vid
Na2Cysteine var rannsakad med mismunadi
hlutfollum af Na2cysteine til ad reyna ad finna
1:1 komplex.
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Spectroscopic Study of the Solution Chemistry of [Mo0,0,S4DMF);]
with Cysteine
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Cysteine is a biologically important molecule and
has significant concentration in blood. For the
evaluation of a potential drug, it is important to
understand its reaction chemistry with potential
inhibitors in blood. As a first approximation, we
undertook studies of the reaction of Naycysteine
with the [M0,0,S4(DMF);] complex. Equilib-
rium studies were conducted to determine the
time it takes for the reaction with cysteine to
complete. Our results show that the reaction is
completed in 2 hours. The selectivity of the re-
action of cysteine with was also probed by deter-
mining number and types of species formed in
solution as a function of concentration of cys-
teine. Saturation curves analyzed in the equilib-
rium studies showed that 1:1 and 2:1 complexes
with cysteine were formed, depending on the
ratio of complex to cysteine employed.
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Figure 1. Synthesis of sodium salt of cysteine and
its reaction with the molybdenum complex,

[M0;0,5:(S2) (DMF)3].
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Figure 2. Shows absorbance (444nm) as a function of
the ration of Nascysteine to (1).
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570 670

Figure 3. Shows the electronic spectra of the two
complexes formed between (1) and Nascysteine.

600 700
Figure 4. Example graph of Naxcysteine reacting with
(1), the reaction was monitored as it progressed, the
top line is from 10 sek after Nascystein injection and
the bottom line is at 24 hour time point after injection.

Conclusion:

Reaction chemistry of molybdenum complexes
with Nacysteine was explored using various
ratios of Nascysteine to try and find the 1:1
Complex. Saturation curves prepared in
equilibrium studies showed that both 1:1 and 2:1
complexes of [M0,0,S4(DMF);] with cysteine are
formed, depending on the ratio of complex to
cysteine employed.
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Hradafradi skiptihvarfs [Mo0,025:(SCN)4)*~ vid sianid.

Porvaldur Snaebjornsson!, Sindri Frostason', Sigridur G. Suman*t

Science Institute, University of Iceland, Dunhagi 3

Sfanid eitrun er hréd og medferdardrreedi
eru fa, sem veldur hérri tidni daudsfalla.
Pau medferdararraedi { bodi eru byggd &
bindingu sfanids vid malm, svo sem Fe(III)
methemoglobini eda kobalamin og afleidur
bess, svo sem hydroxikobalamin og kébinamio
[1). Pessar medferdir eru hlutfallslegar og binda
venjulega eina eda tveer sfanid
sameindir. Notkun tvimalma komplexa tvo-
faldar fjolda bundinna sfanid sameinda & hverja
komplex sameind.

Pibsianat er adladandi tengill fyrir sfanid-
eitrunarmedferd pvi pad er skadlaust myndefni
i umbreytingu sianids af rhodanese enziminu

[2].

Vid smidudum titilsameindina med
fjorum bidsianat tenglum og skodudum skipti-
hvarf peirra vid sfanid { DMF lausn med bad
ad markmidi ad meta skiptihvarfhradan og
myndunarfasta  fyrir  [M 020285(CN)4]%~
anjonina. Hvarflok voru &kvordud med lit-
rofsgreiningu rafeindarofs.

Figure 1. Synir hvarfid sem skodad var med
hradafraedilegum rafeindaréfsmeelingum

Litrofsgreining yfir breitt bil bylgjulenda
gerdi okkur kleift ad sja breytingu tenglanna
vid molybdenum kjarnann.
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Figure 2. Synir nidurstédur fyrir hradafrzedileg-
ar rafeindarofsmeclingar. Efsti ferillinn er meel-
ing & [M020282(SCN)4]*~ fyrir vidbot sfanids.
Seinni ferillinn er meeling skdmmu eftir vidbot
sfanids, ath. hvernig sidustu fjéru meelingarnar
eru allar eins.

22

Hratt efnahvarf er mikilveegt i fjarleegingu
sfanids, og pvi meeldum vid hradafasta efna-
hvarfsins med rafeindaréfsmeelingum.
Hradafraedilegar meelingar voru framkveemdar
med upphafshrada adferd. Markmidid var ad
akvarda hvarfhrada [AIOQOQSQ(SCN)4]2_ vid
sianid, hradafasta bess og hvarfstig. Hrada log-
malid er synt i jéfnu (1). Hradafastinn var
meeldur sem kps = 8- 1011 M2 . 571,

Rate = k,obs[AifOQOQSQ(SCN)4]m[CN]n (1)

031
0.25 1
0.2 1

0.15 1

Reaction Rate

0 1 2 3 4
conc. , My *10°13

Figure 3. Graf hvarfhrada (reaction rate) sem
fall af styrk (conc.)
y=m-+n

eins og synt i jofnu (1).

Vid hoéfum synt ad med pvi ad breyta
tenglaumhverfi [M0y0252])*"  midjunnar er
heegt ad binda mikid af sianidi mjog hratt.
Okkar hradafasti er sambeerilegur hradaféstum
skiptihvarfs sem meeldir voru fyrir kébalamin
med pidsianati og sianidi [3].
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Kinetics of the exchange reaction of [M 02055(SCN)4)*~ with
cyanide.

Thorvaldur Snzebjérnsson’, Sindri Frostason’, Sigridur G. Suman*?

tScience Institute, University of Iceland, Dunhagi 3

Cyanide poisoning is rapid and treatment
options are limited, and thus the survival rate
is low. Available cyanide treatments are based
on cyanide binding to a metal such as Fe(I1I)
in methemoglobin, or in cobalamin and its
derivatives such as hydroxocobalamin and
cobinamide|l]. These treatments are
stoichiometric and normally bind one or two
cyanide molecules.

A different approach, using bimetallic
complex increases the number of cyanide
molecules bound per mole of complex twofold.

Thiocyanate is a nontoxic, attractive
ligand for a cyanide poisoning treatment
because it is a natural metabolite formed in
the conversion of cyanide by the rhodanese
enzyme [2].

We synthesized the title molecule with four
thiocyanate ligands and studied the
exchange reaction of the thiocyanate ligands
with cyanide in DMF in our efforts to evaluate
the ligand exchange reaction rate and
formation constant for the [M020252(CN)4]*~
anion. The completion of the ligand exchange
was verified spectroscopically using UV/ visible
(fig. 2).

Figure 1. Shows the reaction studied in a
kinetic UV /visible measurement.

Absorbance

570

320 370 470

420 520
wavelength, nm

Figure 2. Shows the results for kinetic
UV /visible measurements. Topmost curve
represents [M020252(SCN )]~ before addition
of CN~—. Second curve is moments after additi-
on of fonr ecmivalents of N ™. note how the last.
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Rapid reaction is important for cyanide
removal, therefore we undertook measuring the
rate constant for this reaction using UV /visible

spectroscopy.
Kinetic measurements were performed
using initial rates method. The goal

was to determine the rate of reaction of
[Mo0y0252(SCN)4)?>~ with cyanide, its rate
constant as well as its order of reaction. The
rate law is shown in eq. (1). The rate constant
s Sound 4o b8 ks =8 10002573,

Rate = k;()bs[A{OQOQSQ(SCN)4]m[CN:\n (1)

T
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conc. , MY *10"13

Figure 3. Plot of reaction rate as a function of
concentration as shown in eq. (1). y = m+n.

We have shown that by changing the ligand
environment of the [M 020285)?T center it was
possible to bind a lot of cyanide very quickly.
Our observed rate constant is comparable to
exchange reaction rate constants measured for
cobalamine with thiocyanate and cyanide[3].
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Development of a Novel Electrophoretic Deposition (EPD) Method for
Depositing Chitosan on Titanium Implants

Markéta Foleyl, Ramona Lieder'”?, Joseph T. Foleyl, Gissur (")rlygsson3 and Olafur E.
Sigurj(')nsson"2

!School of Science and Engineering, Reykjavik University
2REModel Lab, The Blood Bank, Landspitali University Hospital
’Department of Materials, Biotechnology and Energy, Innovation Center Iceland

INTRODUCTION

Titanium and titanium alloys are frequently uti-
lized in clinical treatment of orthopaedic injuries.
Considerable research has focused on improving
bone attachment to implants by coating titanium
with biomaterials. Chitosan, a partially deacety-
lated form of chitin, is a promising coating agent
under investigation'. Electrophoretic deposition
(EPD) is currently being explored as a technique
fog applying bioactive coatings to implant surfac-
es”.

EXPERIMENTAL METHODS

In this study, an EPD method was developed to
coat titanium with chitosan. The titanium surface
was pre-treated by sand-blasting and/or acid etch-
ing to obtain desired surface roughness. Chitosan
(DD 87%) was solubilized in acetic acid 0,4 -1%
v/v). EPD was performed using a titanium cath-
ode under constant voltage conditions with gener-
ated electric fields ranging from 0.5 to 6 V/cm.
Coated surfaces were characterized by light mi-
croscopy, water contact angle measurement,
SEM, and AFM.

RESULTS AND DISCUSSION

Preliminary results suggest that EPD is well-
suited for depositing chitosan onto titanium im-
plants (Figure 1). No detachment was observed
when coated titanium was incubated in cell cul-
ture medium during a 3-week study. Obtained
coatings were porous due to gas bubble entrap-
ment at the cathode. Furthermore, electric field
fringing effects led to increased deposition along
plate edges. Future work will focus on minimiz-
ing porosity by using pulse-width modulation in
place of constant voltage EPD. To reduce fringing
effects and assist in reduction of porosity, a new
EPD chamber with a vertical inter-electrode axis
and a special sample mounting has been designed.
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Furthermore, in vitro cell culture experiments

with MC3T3-El mouse pre-osteoblasts are
planned to analyse cell bioactivity.
1,00 =0.1% chwlosan’\'i )
‘j m0.4% chitosan | o}
g 0,80 i 80.7% chitosan | " -
< 0,60 - 1% chitosan | & = ’ < ¥
e ; : I - 1
,g (oI 1o L Co— oo Lo
[ ®
E E ool -]
2 | "y . "
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_0'2[) 1 . i 2 =
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Figure 1: Weight changes experienced by titani-
um electrodes as a function of applied voltage
during the EPD process. The weight change rep-
resents the mass of chitosan deposited on the elec-
trode. Error bars 1 o.

CONCLUSION

EPD is well-suited for attaching chitosan to tita-
nium. Chitosan was successfully deposited onto
differently pre-treated titanium surfaces of vary-
ing roughness.
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Framleidsla kisil-nanévira med malmhvataori stingu

Birgir H. Hallgrimsson', Kristjan Leésson’, Halldér G. Svavarsson'*

'Haskolinn 1 Reykjavik — Taekni- og Verkfraedideild
*Haskoli Islands — Raunvisindastofnun
*halldorsv@ru.is

Byggingareiningar i érsmaedar stzerd munu
gegna storu hlutverki i framtidarpréun 4 svidi
skynjaratekni og orkuvinnslu. Virar med
pvermal 4 nm sterdarbili (NWs) hafa til
deemis verid framleiddir med notkun a svidi
s6larhlada, hitarafmagns-téla og Raman
mdgnunar (surface enhanced Raman scatter-
ing; SERS) 1 huga. Hér er lyst notkun malm-
hvatadrar atingar [1] vid framleidslu kisil
nandvira (SiNWs). Adferdin byggir 4 mjog
stefnuhadri rafefnafredilegri etingu kisilskifa
i snertingu vid malmhvata. Med adferdinni er
unnt ad fa péttar breidur af einkristalla kisil-
virum med hatt lengdar-breiddar hlutfall.
Atingin fer fram { bynntri lausn af flursyru
(HF) og mildum oxara 4 bord vid H;O, og a
sér stad a peim hluta kisilskifunnar sem er i
beinni snertingi vid malmhvatann. Sé sett
punnt lag af nan6-mynstrudum maéalmhvata 4
kisilskifuna mun etta svedid0 hafa sému
utlinur og malm mynstrid. Gull (Au), silfur
(Ag) og platina (Pt) eru best pekktu malm-
hvatarnir. Ein leid til ad setja nandé malm-
mynstur a stér svaedi (tugi cm?) er ad nota la-
ser bylgjuvixlverkunar litégrafiu (LIL) [2] en
med slikri adferd er hegt ad mynda stérar
breidur af lotubundnu ein- og tvividu mynstri
med lotur allt nidur { fia tugi nm 1 sterd.

Framleidsla SiNWs for fram med sambaettri
notkun malmhvatadri etingu og laser bylgju-
vixlverkunar litografiu. SINWs voru bunir til
ur 27 einkristalla (100) kisilskifu, 350 ym ad
pbykkt, i eftirfarandi skrefum:

1. kisilskifan  hudud
fjollidum (photoresist)

2. vixlverkunar mynstri fra utfjolublau laser
1j6si varpad & kisilskifuna

3. s4 hluti fj6llidanna sem 1j6si var varpad 4
fjarleegdur med framkollunar vokva

4. 20 nm pykkri Au-lagi hudad & skifuna

5. fjollidunar mynstur fjarleegt med leysi
(Lift-off)

6. kisilskifu dyft i etilausn (HF, H>O,, H,0).

med  ljosvirkum

Skyringateikningar af framleidsluferlinu eru
syndar { Mynd 1. Rafeindasmasjar- (SEM)
mynd af SINWs eftir 60 min. atingu er synd i
Mynd 2.
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Mynd 1. Skyringarmynd af framleidslu SINWs
med malmhvatadri tingi. Etingin 4 sér stad 4
samskeytum kisils og Au-malmhvatans.

I Mynd 2 er lota viranna 500 nm, bvermal 300
nm og haed um 20 pm.

————

Mynd 2. bversnid af SINWs sem fengust eftir 60
min. Atingu. Lota viranna er 500 nm, pvermal um
300 nm og lengd um 20 pm. Lengdar-breiddar
hlutfallid ~ 70.
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Fabrication of silicon nanowires with metal catalyzed etching

Birgir H. Hallgrimssonl, Kristjan Leosson?, Halldor G. Svavarsson'*

'Reykjavik University — School of Science and Engineering
*University of Iceland — Science Institute
Corresponding author: halldorsv@ru.is

Nanostructured devices hold great poten-
tial for the future advances in sensing technol-
ogy and energy harnessing. Nanowires (NWs)
have for instance been fabricated with surface
enhanced Raman scattering (SERS), photovol-
taic and thermoelectric applications in mind.
Here, a fabrication of silicon NWs (SiNWs)
using a newly developed technique, metal as-
sisted etching (MAE) [1] will be described.
The technique is based on highly anisotropic
electrochemical etching with the aid of cata-
lytic metal. MAE is capable of giving densely
packed arrays of high aspect-ratio single-
crystal SiNWs with tunable dimensions. A
catalysed etching of a bulk Si-wafer in a wa-
ter-based solution of hydrofluoric acid (HF)
and a mild oxidizer (typically H,O») is taking
place in the vicinity of the metal catalyst. The
etched part of the silicon will have exactly the
same shape as the outlines of a nanoscale pat-
terned film of a catalytic metal. The best
known catalysts are gold (Au), silver (Ag) and
platinum (Pt). A large scale nano-patterned
metal film was deposited by means of so-
called laser interference lithography (LIL) [2].
LIL is a maskless lithography technique capa-
ble of patterning large areas of 1-dimensional
(1D) or 2D arrays, with dimensions down to
few tens of nm.

Here, a fabrication of periodic arrays of sili-
con nanowires (SiNWSs), using combined
techniques of LIL and MAE, is introduced.

The SiNWs wera prepared from 2” single
crystalline (100) Si wafer in the following
chronological steps:

1. spin coating with positive photoresist
(PR)

2. exposure to an interference pattern from a
continuous-wave ultra-violet laser system.

3. removal of exposed PR (developing)

4. deposition of 20 nm thick Au-film

5. removal of remnant PR (Lift-off)

6. catalyzed etching of the Si in the vicinity

of the gold pattern

A schematic presentation of the process is
given in Fig. 1. An example of SiNWs is
visualized in the scanning electrons

microscope (SEM) image in Fig. 2.
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Figure 1. A schematic of the Metal Assisted Etch-
ing. The sample is immersed in hydrofluoric acid
and the area under the gold film is etched.

The wires have diameter of 300 nm and height
of roughly 20 pm.

Figure 2. A cross-sectional SEM image of silicon
nanowires with a diameter of 300 nm and a period
of 500 nm. 60 min etching time. Aspect ratio ~ 70.
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Rannsoéknir a stellingajafnvaegi 1-methyl-1-germacyclohexane:
Laghita kjarnaréfsmeelingar

Nanna Rut Jénsdéttir*+, Ingvar Arnasont, Sigridur Jénsdéttirt, Agiist Kvarant og
Ragnar Bjornssonz

+ Raunvisindastofnun Hdskéla Islands, Dunhagi 3, 107 Reykjavik
+ Max-Planck Institute for Chemical Energy Conversion, Stiftstrasse 32-34, 45470 Miilheim an der Rubhr,
Germany

Rimefnafredi cyclohexans hefur verid rann-
sokud ftarlega og er stellingajafnvegi einsetinna
hringja vel pekkt. Rannséknir 4 sexhringjum sem
innihalda 6nnur atém ur flokki 14 { lotukerfinu eru
hins vegar mun skemur 4 veg komnar. A sidustu
drum hafa ymsar afleidur ad setnum Kkisilhringj-
um verid rannsakadar og nyverid héfust rannsékn-
ir 4 setnum germanfumhringjum. Adur hafa ver-
i8 birtar nidurstddur 4 rannséknum 4 stellingajafn-
vagi 1-methyl-1-germacyclohaxane. Nidurstédur
melinga med ldghita kjarnaréfsmalingum (DN-
MR) bentu til pess ad sethépurinn veri frekar {
dslegu stellingunni eda { hlutféllunum 60/40 %
asleg/ pverlegl, 2]. 1 pessu verkefni er pessi rann-
s6kn endurgerd og melingar framkvaemdar med
peim adferdum sem hafa reynst vel vid sams konar
melingar 4 setnum kisilhringjum. Efnasmidar 4 1-
methyl-1-germacyclohexan voru framkvemdar og
stellingajafnveegi pess skodad med dherslu 4 jafn-
vaegi milli dslegs og pverlegs stélforms sameind-
arinnar med DNMR mzalingum. Nidurst6dur NMR
melingarinnar syndu ad hlutfallid milli 4slegs og
hlidlzegs stellingarforms var 44/56 mél % vid 114
K sem samsvarar ad A gildi (A = G, —G,y) 5¢ 0.06
keal mél™".
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L e

Mynd 1: bverlag stelling  1-

methylgermacyclohexan

og 4sleg

Medalvirkjunarorkan (AG*) fyrir 106-134 K
var reiknud 5.0+0.1 kcal mé1~!. Pessar nidurstodur
eru { g6du samremi vid skammtafredilega reikn-
udu gildin A gildi uppé 0.02 kcal mél™" og AE =
0.01 kcal mél~! vid 0 K [3].13]
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Conformational properties of 1-methyl-1-germacyclohexane:
Low temperature NMIR measurements
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The steriochemistry of cyclohexane have been
investigated thoroughly and the conformational
properties of monosubstituted cyclohexanes are
well known. Far less research has been reported
on six-membered rings containing heavier element
from group 14 in the periodic table. In recent
years several derivatives of substituted silacyclo-
hexanes have been investigated at the Science Insti-
tute and investigation on conformational properties
of monosubstituted germacyclohexanes started re-
cently. Previously reported research on 1-methyl-
1-germacyclohexane where the result from dy-
namic magnetic resonance (DNMR) measurements
showed axial preference in the ratio 60/40 % ax-
ial/equatorial [1, 2]. The aim of this study was
to reexamine the conformational properties of the
compound and use experimental and theoretical
methods that have proven successful in investiga-
tion on substituted silacyclohexanes. The methyl
substituted germacyclohexane was synthesized and
the conformational behaviour of the compound, in
terms of axial and equatorial chair conformers, was
investigated by means of dynamic nuclear mag-
netic resonance (DNMR) measurements.
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Figure 1: Equatorial and axial conformers for 1-methyl-
1-germacyclohexane.

The result from the NMR experiment showed
the axial/equatorial ratio to be 44/56 mol % at 114
K corresponding to an A value (A = Gax — Gy) of
0.06 kcal mol ~'. The average free energy of acti-
vation (AG¥) for the temperature range 106-134 K
was found to be 5.0+0.1 kcal mol™!. These results
are in good agreement with the quantum chemical
calculated values, A value of 0.02 kcal mol~! and
AE of 0.01 kcal mol™! at 0 K [3).
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Osamhverfar hreyfingar i samhverfu tvieininga ensimi koma i 1jés vid
tolvureikninga 4 kvikum sveigjanleika. Gott deemi er kuldavirkur al-
kaliskur fosfatasi tir Vibrio kaldsjavarorveru.
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Sikvikar hreyfingar proteina hafa ahrif 4 virkni og
stoddufleika peirra med ahrifum & stellin-
gajafnvaegi. Osamgildir milliatoma- kraftar leika
lykilhlutverk i slikum hreyfanleika. Heildarahrifin
eru m.a. had netskipan i vixlverkunum og sam-
skiptum milli einstakra amindsyra. Samskipti og
samtaka hreyfingar yfir skil 4 milli undireininga
geta auk pess drifid hvotunarferlid 4 6samhverfan
hatt, likt og hefur verid spad fyrir um i tilfelli
tveggja eininga { alkaliskum fosfatasa (AP). [ pvi
tilfelli eru umskipti i byggingu liklega hra-
datakmarkandi fyrir hvotunarferlid en ekki ef-
nafredilegu breytingarnar. Vid héfum rannsakad
hér paer kviku hreyfingar sem venta m4 i kulda-
vitkum AP ur &rverunni Vibrio splendidus AP
(VAP). Hermireikningar (e multiple all-atom
explicit solvent molecular dynamics simulations)
voru nyttir til ad framkalla ymsa melikvarda sem
nyta ma til ad meta mynstur kvikra hreyfinga og
peer leidir sem slik bod gatu bortist innan un-
direininga og milli eininganna tveggja i lokamynd
ensimsins. Samanburdur 4 einingunum tveimur
leiddi i 1j6s olika dreifingu tengsla innan ein-
inganna 4 hverjum tima og einnig voru batttaken-
dur { samtaka hreyfingum 6likir (Mynd 1). Net-
tenging hépa fra hvarfstod og i ytri hluta samein-
darinnar var rakin og syndi su athugun ad flutnin-
gur upplysinga for eftir 6likum leidum i einingu-
num tveimur. I VAP reyndust f4 tengi liggja yfir
skilin milli undireiniganna og vixl-verkandi sam-
taka hreyfingar voru einnig féar. Nidurstodurnar
gefa tilgatunni um vixlvirkni hvarfstodva (e. half-
of-site mechanism) studning i tilfelli VAP, likt og
Adur var haldid fram og pa byggt 4 tilraunum med
ensimum ur E. coli og spendyri. Adferdir okkar
getu hentad rannsoknum 4 ©60rum tvieininga
ensimum.
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monomer B

Figure 1. The average rmsf per-residue profiles
were calculated (whole trajectory, 10 ns) and are
mapped on the 3D structure of monomer A(D) and
B (E) of the cold-active Vibrio alkaline phophatase
after a structural alignment of the two subunits.
The cartoon shade of color and thickness are pro-
portional to the Co. rmsf values.
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Asymmetric flexibility of a homodimeric enzyme as shown by molecu-
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Protein dynamics influence protein function and
stability by modulating conformational changes.
Non-covalent intramolecular interactions play a
key role for such motions. The total effect will
depend on the underlying networks of communi-
cating residues within the structure. Interactions
and coupled motions over the interface between
subunits may further drive the catalytic cycle
asymmetrically, as has been suggested for the
dimeric alkaline phosphatase (AP). In this case, a
conformational change might be the rate-limiting
step rather than the chemical transformations.
Here, we present a characterization of the dynam-
ic properties of the cold-adapted Vibrio _splen-
didus AP (VAP). Multiple all-atom explicit sol-
vent molecular dynamics simulations were em-
ployed in conjunction with different metrics to
analyze the dynamics patterns and the paths of
intra- and intermolecular communication. The
comparison of the dynamic patterns of the two
subunits in the dimeric structure pointed out a
different distribution of intramolecular interac-
tions and correlated motions (Fig 1). The paths of
long-range communications mediated from the
catalytic residues to distal sites were also charac-
terized, suggesting a different information flow in
the two subunits. VAP displayed a low number of
intersubunit interactions and coupled motions
between the two halves were also few. Our results
provide a structural rationale to support the half-
of-site mechanism for VAP as previously pro-
posed for some other APs. The methods may lead
to characterization of asymmetric dynamics in
other homodimeric enzymes.
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were calculated (whole trajectory, 10 ns) and are
mapped on the 3D structure of monomer A(D) and
B (E) of the cold-active Vibrio alkaline phophatase
after a structural alignment of the two subunits.
The cartoon shade of color and thickness are pro-
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Truflanir { (2+n) REMPI réfum vetnis jodids

Helgi Rafn Hrédmarsson, Huasheng Wang, Agl’lst Kvaran

Raunvisindastofnun Haskéla fslands, Dunhaga 3, 107 Reykjavik

Tvivid (2D) fjslljoseinda-jonunar  (e.
resonance enhanced multi-photon ionization)
gdgn fyrir HI, sem innihéldu tveggja ljoseinda
drvanir 1 Rydberg og jonparaastond 4 69 000—
71 500 cm’' svidinu voru skrad med HI
sameindastraumi. Til &rvunar var notadur
pusladur ,excimer* leysir asamt litleysi og
tidnitvofaldara. Geislanum var beint i
jonunarklefa 4 milli frahrindi og addrattar
platha.  Jonir  sem myndudust  med
fjolljoseinda  Orvunum  var beint inn i
flugtimamassagreini (e. time of flight mass
spectrometer) og bzr greindar med MCP-
greini (e. micro-channel plates detector).
Kvérdun leysisins var byggd 4 sjdanlegum (2
+ 1) jod atéma REMPI toppum. Nakvemni
bylgjutalna kvorduninnar  var yfirleitt i
kringum =+ 0.5 em? 4 bylgjutalnaskala
leysigeislans og pvi i kringum =+ 2.0 ecm™ 4
bylgjutalnaskala tidnitvofaldadrar tveggja-
ljéseinda-6rvunar.

I pessum tilraunum var HI sameind o6rvud ar
grunnastandi sinu upp i drvad Rydberg astand
eda jon-para astand. Ef sameindin er 6rvud
upp i Rydberg astand, ba getur Srvada
sameindin annad hvort orvast frekar og i
kjolfarid jonast og myndad sameindajonina
HI', eda sameindin getur vixlverkad vid
frahrindandi 4astond og 1 kjolfarid klofnad
otimabeert (e. predissociation). Frekari Srvanir
leida pa til myndunar atémjénanna H' og I
p.al. par sem Rydberg astond  og
jonparaasténd eru bundin asténd, pa er hagt
ad greina snimings byggingar (e. rotational
structures) peirra i REMPI litréfsgreiningum.

A sidustu arum hafa nokkrar greinar verid birtar
sem leggja aherslu 4 vixlverkun 6rvadra astanda
og ljéssundrunarferla i HCI [1-4] og HBI[1,5,6].
Flestar rannsoknir sem framkvemdar hafa verid a
HI, hafa hins vegar lagt aherslu & beinar
litréfsgreiningar Ryberg og jonpara astanda bar
sem engin 4hersla hefur verid 16gd 4 truflanir i
rofunum ad undanskilinni einni nylega birtri grein
um nyjar athuganir i REMPI rofi HI[7]. [ henni
voru nyfundin Rydberg 4stond og jonpara astond
tilkynnt og onnur sem einungis hofou sést i
gleypniréfum[8], en ekki REMPI réfum[9].
Minnst var 4 nokkur tilfelli truflanna, sér i lagi
truflanir i ATI(v’ = 1) astandinu, sem var talid
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vera truflad af V'Z'( = m + 7)
astandinu.

jonpara

Nokkur Rydberg astond og jonpara dstdnd voru
skodud og mald magnbundid m.t.t. truflana, m.a.
H'S'(v' = 1), ML’ = 0), RTL( = 0),
o's'(v’ = 0), og KIL(’ 1) Rydberg
astondin og jonpara asténdin V'st(v’ =m+ 6)
og V'S (v'=m+7) Mynd 1).

ol - 837687 cm | b)

o

x;l—ﬂ!—"‘;o 24 28 32 38 a0 :“'-

r [Al
Mynd 1. Orkubuskapur, orvanir og vixlverkun
astanda { HI. Rydberg astdond eru greenmerkt og
jonparadstond blamerkt.

Truflanir vegna vixlverkana astanda koma
fram sem styrkleika flokt, linu hlidranir og
linuviddar breikkanir, en bzdi fjer-hermandi
(e. off-resonance) og neer-hermandi (e. near-
resonance) vixlverkanir er ad finna a milli
Rydberg 4standa og jonpara astanda.
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Perturbations in the (2+n) REMPI spectra of HI
Helgi Rafn Hr6dmarsson, Huasheng Wang, Agiist Kvaran

Raunvisindastofnun Haskéla Islands, Dunhaga 3, 107 Reykjavik

Mass resolved resonance enhanced
multiphoton ionization data for HI, for two-
photon resonance excitations to Rydberg and
ion-pair states in the 69 600-71 500 em™
region was recorded with a HI molecular
beam, created by jet expansion of a pure
sample through a pulsed nozzle. Excitation
radiation was generated by pulsed excimer
laser-pumped dye laser systems and frequency
doubled radiation was focused on the
molecular beam inside an ionization chamber
between a repeller and extractor plates. Ions
formed by multiphoton excitations were
directed into a time-of-flight tube and detected
by a micro-channel plates (MCP’s) detector.
Laser calibration was based on observed (2 +
1) iodine atom REMPI peaks. The accuracy of
the absolute wavenumber calibration was typ-
ically found to be about £+ 0.5 cm™ on the laser
wavenumber scale, hence about + 2.0 cm™ on
the frequency doubled two-photon excitation
scale.

In these experiments, a HI molecule is excited
from the ground state to an excited Rydberg
state or ion-pair state. If excited to a Rydberg
state, the molecule can either be further excit-
ed to yield the molecular ion HI" or it can in-
teract with a repulsive state and predissociate
and thus further excitation yields only the
atomic fragments, H" and I". Therefore, since
Rydberg and ion-pair states are bound states,
one can identify their rotational structures in
REMPI spectroscopy (Figure 1).

In recent years, a number of papers have been
published, which place emphasis on state interac-
tions, energy transfers and photo dissociation pro-
cesses, in HC1[1-10]-4] and HBr[10-12]. Whereas
most of the studies of HI, however, have focused
on spectral assignments and the energetics of the
Rydberg and ion-pair states, no emphasis has
been placed on spectral perturbations with the
exception of a recently published paper on new
observations in the REMPI of HI[13]. Therein,
new Rydberg and ion-pair states were presented
as well as Rydberg and ion-pair states that had
been observed in absorption spectroscopy[14],
and REMPI[15]. A few cases of perturbatlons
were addressed, particularly that of the Py’ =

1) state, which was concluded to being perturbed
by the V' (v’ = m + 7) ion-pair state.

Several Rydberg states and ion-pair states
were observed and measured quantitatively in
terms of spectral perturbatlons 1nclud1ng the
HZ v =1,m H')(V = 0), R'IL,(» = 0),
0't (v’ =0), and K'I1;(v’ = 1) Rydberg states
and the V'S'(v’ = m + 6) and Vst =m+7)
ion-pair states (Figure 1).

lonization potential - 83768.7 cm”’ |

2hv

le—'t""zo ) 28
r[A]

Figure 1. Energetics, resonance excitations and
state interactions for HI. Rydberg states are
marked green and ion-pair states are marked blue.

Perturbations due to state interactions result in
intensity variations, line-shifts and line-width
broadenings, but both off-resonance and near-
resonance interactions are observed between
Rydberg states and ion-pair states.
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Possible reasons for Pt being inefficient in electrochemically reducing
CO, into hydrocarbons

Javed Hussain, Hannes Jonsson and Egill Skulason

Science Institute, University of Iceland, Dunhagi 3, VR-III, 107 Reykjavik, Iceland

The increasing energy demand, global climate change and foreseeable reduction in fossil fuel availability
has sparked interest to develop ways of producing synthetic fuel. One option is conversion of CO; to
methane or methanol. The best-known catalyst for reducing CO; to hydrocarbons is copper but the reason
why platinum or other similar metals are inactive for this reaction has been puzzling. Density functional
theory (DFT) calculations have been used to model the electrochemical reduction of CO, on various
metals, in particular Pt and Cu to compare the two. The energy and structure of various intermediates is
determined and the onset potential for reduction estimated. To identify the reasons for the low catalytic
activity of Pt in comparison with Cu we analyze: i) the reaction mechanisms, ii) influence of water
bilayer, iii) CO coverage and iv) H, formation rate. By understanding in detail the requirements for a
good catalyst for electrochemical reduction of carbon dioxide (CO») to hydrocarbons we hope to be able
to predict alternative catalysts that work even better than pure Cu.
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Computational Screening of Transition Metal Nitride Catalysts for
Electrochemical Ammonia Formation

Y. Abghoui, A.L. Garden, V.F. Hlynsson, S. Bjorgvinsdottir, H. Olafsdéttir, E. Skiilason

Science Institute, University of Iceland, Dunhaga 3, 1S-107 Reykjavik, Iceland

Computational screening of transition metal nitrides is presented for electrochemical synthesis
of ammonia at room temperature and ambient pressure. Density functional theory (DFT)
calculations were used to calculate the free energy profile for the reduction of surface nitrogen
atom in order to find promising candidates amongst a wide range of nitride catalysts worthwhile
being tested experimentally. Surface and vacancy stability, detailed catalytic activity, defect
poisoning and onset potential required for ammonia formation were considered in this study.
The most promising candidates turned out to be CrN, VN and ZrN at (100) facets of rocksalt
structure that should be able to make ammonia at around -0.22 V, -0.29 V and -0.53 V vs. NHE,
respectively. At these potentials, the nitrides are stable and they would not be decomposed to
their metal forms. The (110) facets of zincblende structure of FeN is also promising candidate
capable of making ammonia at -0.5 V vs. NHE. From the latter structure RuN and OsN can
make reduction of molecular nitrogen to ammonia as well, but they should need higher
temperature to speed up the reaction and higher pressures to fill the N-vacancy in order to make
ammonia electrochemically.
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Co'!-komplex med pripeptidi:
Mogulegur hvati fyrir fjollidanir?

Ester Eyjolfsdottir, Sigridur G. Suman

Raunvisindastofnun Haskoélans, Dunhaga 3, 107 Reykjavik

Synt hefur verid fram & ad hlidarmalm-
ar seint 1 lotukerfinu hvata samfjollidun
(copolymerization) koltvioxids og epoxida, par
sem fjdlkarbonst myndast [1]. Koltvioxid er
hentugur foveri fyrir fjollidanir par sem pad er
ekki eitrad og heegt er ad nyta pad beint ur ut-
bleestri fra idnadi, sem gerir notkun pess 6dyra
og umhverfisvaeena. Rannsoknum 4 samfjollio-
unum med koltvioxidi hefur b6 nanast adeins
verid beint ad epoxidum, pratt fyrir ad vel sé
pekkt ad hvatar med hlidarmalmum geti einnig
fj5llidad etylen og énnur a-oclefin [2].

Hluti af vinnu beirri sem fram fer i rann-
soknarhépi Dr. Suman snyst um ad finna nyja
tegund hvata sem geta virkjad koltvioxid fyrir
fjollidun med a-6lefinum, par sem polyesterar
myndast.

A veggspjaldi bessu munum vid kynna
smnidi og greiningar 4 komplex par sem Co(IIT)
er tengt pripeptidinu glutapioni (skema 1).

oT_z o

HS
o o 0 sl
1. NHO! ~Co?
CoCl, + k/N )J\/\\/U\ B 2 ;o’ *>NH [e].
HO u Y OH 2 Et,NBr o o 3
o NH,

o]

Skema 1.

Glutapfon er samsett Ur amindésyrunum
glysini, sisteini og glutamati. Med bvi ad nota
peptid eda peptid afleidur sem tengla vonumst
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vio til ad geta gert fjollidanir vio leegri hita og
prysting en vanalegt er. Einnig stefnum vid
ad pvi ad notast vid malma sem eru algengir 1
natttrunni og ekki eitradir.

Vid notudumst vid rafeindarof til ad fylgj-
ast med framgangi hvarfsins, og til ad akvarda
oxunarstig og girdiumhverfi malmsins. Einnig
var innraud litrofsgreining notud til ad reyna ad
meta hversu margar, ef ekki allar, girdistédvar
glutapions veeru bundnar malminum.

l — Reaction mixture — initial
| - Reaction mixture — 30 min.
l Reaction mixture — 18 hrs.

350 450 550

Wavelength [nm]

750

Mynd 1. Rafeindaréf af hvarfi CoCl, vid glita-
pbion.
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Tripeptide complex with Co™: A potential
copolymerization catalyst?

Ester Eyjolfsdottir, Sigridur G. Suman

Science institute, University of Iceland, Dunhagi 3, 107 Reykjavik, Iceland

It has been shown that late transition metal
catalysts are effective in the copolymerization
of CO, and epoxides, to form polycarbonates
[1]. CO, is an ideal synthetic feedstock because
it is nontoxic and can be retrieved from indus-
trial waste streams, which makes it both abun-
dant and inexpensive. Research into copoly-
merization with CO, has, however, almost ex-
clusively been focused on using epoxides as
comonomers, although it has been shown that
first row late transition metal catalysts can
also efficiently polymerize ethylene and other
a-olefins [2].

Part of the work in Dr. Suman’s research
group is focused on developing a new class
of catalysts that are able to activate CO,
for copolymerization with a-olefins, to form
polyesters.

We hereby present the synthesis and pre-
liminary structural analysis of a Cobalt(III)
complex with glutathione (scheme 1).

oS
HS
o o o N)*!‘zN 9
g w o MMl O
HO' N Y “OH T2 ENer & o
o NH,

[e]

[a,N]3

Scheme 1.

Glutathione is a tripeptide consisting of the
amino acids glycine, cysteine and glutamate.
By using peptide derived ligands we hope to
achieve catalytic activity at lower reaction tem-
peratures and pressures than is common for
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polymerization reactions. We would also like to
focus on metals that are abundant, and there-
fore inexpensive, and nontoxic, making the pro-
cess environmentally friendly.

We used UV-Visible spectroscopy to mon-
itor the extent of reaction, and to determine
the oxidation state and spatial environment of
the central cobalt atom. Infrared spectroscopy
was utilized to assess which, if not all, of the
possible coordination sites in glutathione were
bonded to cobalt.

— Reaction mixture ~ initial
Reaction mixture — 30 min.
’ Reaction mixture — 18 hrs.

iy oo

450 550
Wavelength [nm]

350

650

Figure 1. Electronic spectra of the reaction
shown in scheme 1, recorded at different reac-
tion times.
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Stabilization, dissociation and rearrangement, triggered by low-energy
electron attachment to tetrafluoro-para-benzoquinone

B. Omarsson and Oddur Ingélfsson

Science institute, University of Iceland, Dunhagi 3, 107 Reykjavik Iceland
odduring@hi.is

Quinones are a class of organic compounds that exhibit extraordinary electron transfer properties. Qui-
none derivatives play a key role in charge-transfer mechanisms behind the production of ATP[1] and is
thus found in almost every cell in the human body. These derivatives are also abundant in nature where
plastoquinones play a pivotal role in electron transfer processes[2,3] in photosynthesis.

Here, we present our results form dissociative- and non-dissociative electron attachment to tetrafluoro-
para-benzoquinone (TFQ). We report an extensive and complex fragmentation pattern and discuss the
main fragmentation channels with respect to the reaction path and thermochemical thresholds. The ob-
served fragmentation reactions can at large be described through two dissociation series, i.e., the for-
mation of [TFQ — CO —nF]" (n =0, 1, 2 or 3) and [TFQ -2CO -nF] (n=0, 1,2,3 or 4). The most
striking fragment in DEA to TFQ, observed at incident electron energy as low as ~2.7 eV, is the for-
mation of C4~ which requires the formation of two, neutral, F,CO molecules followed by recombination
of the remaining moiety to form an anionic 4-carbon chain.

In addition to the complex dissociation channels, TFQ forms a long-lived metastable molecular anion at
unusually high incident electron energy in electron attachment under single collision conditions. This rare
ability which is common to quite a few quinone-derivatives[4-6] is also observed in electron attachment
to para-benzoquinone[7-10]. In order to explain the formation of the negative ion at this high energy we
apply transition state calculations for both p-BQ and TFQ and explore possible stabilization of the molec-
ular anion through isomerization reactions, and discuss stabilization through intramolecular vibrational
energy redistribution (IVR) in relation to the electronic structure of these compounds.

References

1] H. Inouye and E. Leistner, The Quinonoid Compounds: Volume 2 (1988) 1293 (2010).

[2] A. Trebst, Philosophical Transactions of the Royal Society B: Biological Sciences 284, 591
(1978).

[3] J.-D. Rochaix, BBA - Bioenergetics 1807, 375 (2011).

[4] 0. G. Khvostenko, V. G. Lukin, and E. E. Tseplin, Rapid Commun. Mass Spectrom. 26,2535
(2012).

[5] P. M. Collins, L. G. Christophorou, E. L. Chaney, and J. G. Carter, Chem. Phys. Lett. 4, 646
(1970).

[6] S. A. Pshenichnyuk, A. S. Vorob’ev, N. L. Asfandiarov, and A. Modelli, J. Chem. Phys. 132,
244313 (2010).

7 L. G. Christophorou, J. G. Carter, and A. A. Christodoulides, Chem. Phys. Lett. 3, 237 (1969).

[8] C. D. Cooper, W. T. Naff, and R. N. Compton, J. Chem. Phys. 63, 2752 (1975).

9] M. Allan, Chem. Phys. 81, 235 (1983).

[10] 0. G. Khvostenko, P. V. Shchukin, G. M. Tuimedov, M. V. Muftakhov, E. E. Tseplin, S. N.
Tseplina, and V. A. Mazunov, Int. J. Mass. Spectrom. 273, 69 (2008).

37



Veggspjald 17

Interactions of low-energy electrons to hexafluoroacetylacetone, tri-
fluoroacetylacetone and acetylacetone

B. Omarsson, S. Engmann and Oddur Ingélfsson

Science institute, University of Iceland, Dunhagi 3, 107 Reykjavik Iceland
odduring@hi.is

Beta-diketones are a versatile class of compounds that exist in a keto-enol equilibrium. In the gas phase,
the enol form, stabilized by a hydrogen bond between the carbonyl oxygen and the alcohol hydrogen, is
usually the more stable conformer. B-diketones can complex almost any metal in the periodic table of
elements and are their complexes are common precursor molecules in focused electron beam induced
deposition. Motivated by our earlier studies on Pd and Cu complexes of hexafluoroacetylacetone
(HFAc)[1] we have conducted detailed experimental study on the interaction of low energy electrons with
hexafluoro- (HFAc), trifluoro (TFAc) and native (Ac) acetylacetone.

Here we, briefly, report the extensive and complicated fragmentation patterns observed from a crossed
electron-/molecular beam study on the dissociative and non-dissociative electron attachment (DEA,
NDEA) to HFAc, TFAc, and Ac. In the case of HFAc and TFAc we observe rich fragmentation patterns,
which is in many cases promoted by the formation of neutral HF. This is in good agreement to earlier
DEA studies we have conducted on fluorinated benzene derivatives[2,3] where we showed that reaction
channels, otherwise energetically impossible, are made accessible through the exothermic formation of
HF. The dominating dissociation channel observed in DEA to HFAc and TFAc is in fact the formation of
[M — HF] observed at 0 eV incident electron energy. Also observed, through the 0 eV resonance is the
formation of [M — 2HF]™ and the formation of FHF . From Ac however we only observe a few fragments
all with comparably low intensity and mostly governed by single bond dissociations.
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Raunvisindastofnun, Haskoli Islands, Dunhaga 3, 107 Reykjavik, fsland

Tetrahalid efna ur flokki IV eru mikilveeg
i idnadi. Kisil- og germanium-halid eru for-
verar i framleidslu halfleidara og ljésleidara en
kolefnisflurid og klorid eru notud vida i keeli-
kerfum. Ahrif hinna sidastnefndu efna 4 lofts-
lagid hafa b6 dregid ar notkun beirra & sid-
ari arum. Fjolhaefir eiginleikar halida dr flokki
IV voru hvati fyrir vidteekri gagnaséfnun okk-
ar um flokkinn 4 svidi anjénamyndunnar gegn-
um rafeindadlagningu. I ljési fyrri meelinga
4 tetraflurid flokks IV|1] beindum vid athygli
okkar ad tetrabromidum og tetrakléridum.

Meelingar byggja 4 bvi ad gasfasa agna-
geisli pverar rafeindageisla.  Rafeindageisl-
inn er einlitur og feest Gr trochoidal rafeinda
monochromator. Anjonanidurbrot myndud {
arckstrum agna vid rafeinda eru numin af
fjorpola massagreini(Hiden, HAL EPIC1000).
Orkuskalin var kvardadur med melingum &
premur nidurbrotum af vel skilgreindri orku:
0eV ur afleidu SFy; SFg og 4.4eV og 8.2eV
ar nidurbroti CO, i O~. Orku upplausn meel-
inga(150 meV) var akvordud sem breidd topps
i halfu hamarksgildi fyrir meelingu SFg .

Fj6ldi meeldra jona voru skrad sem fall af
orku rafeinda fyrir 611 moguleg nidurbrot. Likt
og 1 fyrri rannsoknum|1] er markmidiod ad safna
areidanlegum gildum birtingar orku(e. appear-
ance energy) og orku vid hdmarksttslag. Pegar
unnid er med hlidstzedar sameindir innan flokks
mé btast vid reglubundnum mynstrum. Sér-
stok ahersla verdur pvi 4 samanburdargrein-
ingu. Mzzlingar eru langt & leid komnar en til
stendur ad kynna brot af nidurstédum.
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Figure 1. Rjufandi rafeindaralagningarrof Bry
nidurbrota tur hvarfi CBr,, SiBr, and GeBr,.
Heerri orka tengjarofs fyrir SiBr, er i samraemi
vid rafsackni midatéma i sameindum.

Heimildir
[1] E.H. Bjarnason et al. Int. J Mass Spectrom.
339-340 (2013) 45-53.
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Dissociative electron attachment of group IV tetra-
chlorides and bromides

F. H. Omarsson, B. Reynisson, O. Ingdlfsson

Science Institute, University of Iceland, Dunhaga 3, 107 Reykjavik, Iceland

Tetrahalides of group IV elements are
important compounds in industry. Silicon and
germanium halides are precursors in producti-
on of semiconductors and fibre optics while
carbon fluorides and chlorides have applicati-
ons in refrigeration. In recent years however,
concerns about their polluting nature has stun-
ted their use. Motivated by the diverse app-
lications of group IV halides we set out to gat-
her comprehensive data on the series in the
field of negative ion formation through electron
attachment. Building on an earlier study on
the group IV tetrafluorides [1] we've set the
focus on the tetrabromides and tetrachlorides.

In the experimental set-up a gas phase mo-
lecular beam crosses an electron beam, genera-
ted by an trochoidal electron monochromator.
Anionic fragments formed in the collision reg-
ion are detected by a commercial quadropole
mass spectrometer(Hiden, HAL EPIC1000).
The energy scale was calibrated with a three
point calibration from the formation of SFg
from SF at ~0 eV and the formation of O~
from CO, at XY and XY eV. The energy
resolution (150 meV) was estimated from the
FWHM of the SF signal.

The ion yield was recorded as a function
of electron energy for each possible ion. As in
carlier research [1] we intend to gather accurate
appearance energy for fragments in the series
as well as their peak energies. Working with
congeners is potentially a rich field for patterns
5o our attention will be on comparative analys-
is. Measurements are currently underway and
preliminary results will be presented.
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Figure 1. DEA spectra of Bry fragments {rom
dissocitation of CBr,, SiBr, and GeBr,. The
higher energy needed for dissociation of SiBry is
in agreement with electron affinty trends of the
group.

Heimildir
[1] E.H. Bjarnason et al. Int. J Mass Spectrom.
339-340 (2013) 45-53.
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Rjafandi rafeindaalagning CF, skodud med
hradasneidmyndun

Frimann H. Omarsson*, Oddur Ing6lfsson*, Ewelina Szymanska' Nigel Mason'
E. Krishnakumar?

*Qeience Institute, University of Iceland, Dunhaga 3, 107 Reykjavik, Iceland
tDepartment of Physical Sciences, The Open University, Walton Hall, MK7 6AA, Milton Keynes, UK
Tata Institute of Fundamental Research, Homi Bhabha Road, Colaba, Mumbai 400005, India

Pegar hlutlaus sameind gripur lagorkuraf-
eind myndast svokdllud timabundin neikvaed
jon. DPessi jon er yfirlett myndud i Srvudu
sstandi og leitar strax leida til a0 slaka. Ef
hiin gerir pad med bvi ad rjufa efnatengi kall-
ast ferlid rjufandi rafeindadlagning og myndast
vid pad ein anjén og eitt eda fleiri 6hladin nid-
urbrot. Med tackni sem nylega hefur verid pro-
ud, hradasneidmyndun, ma f4 ymsar upplysing-
ar um ferlid, s.s. um hrondreifingu neikvaedu
jonanna og hreyfiorku beirra. Med hradasneid-
myndun fast upplysingar um horndrefinguna a
Sllum skalanum samtimis, p.e. 0-360°. Teaknin
byggir 4 bvi ad eftir myndun jéonanna er peim
leyft ad blasa at i Newton-kilu { um 200 ns
adur en peim er hradad i flugtimamassagreini.
Neminn 4 massagreininum beedi stadsetningar-
neemur og pulsadur. Med bvi ad taka sneid ar
midju Newton-kalunnar fast upplysingar um
horndrefingu jénanna og radius dreifingarinn-
ar er hadur hreyfiorku beirra. Horndreifing-
una mé svo mata vid foll sem fast med forskrift
fra Azria og fél. [2] sem dtvikkudu médel sem
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sett var fram af O’Malley og Taylor [3]. Ut fra
pessu fast upplysingar um samhverfu neikvaedu
jonarinnar. A bessu veggspjaldi verda kynntar
nidurstédur & meelingum & CF,. Med gognun-
um ma syna fram & ad sameindin afmyndast
fra Tq nidur i C3, samhverfu eftir dlagningu
rafeindarinnar vegna Jahn-Teller dhrifa. Petta
ma baedi sja at fra horndreifingu jonanna sem
og hreyfirokudreifingu CFy jonanna [4].

Heimildir
[1] D. Nandi, V. S. Prabhudesai, E. Krishnak-

umar, and A. Chatterjee, Rev. Sci. Instrum.,
76 053107, (2005).

R. Azria, Y. Le Coat, G. Lefevre, and D.
Simon, J. Phys B: At. Mol. Phys., 12, 1-10,
(1979).

T. F. O’Malley and H. S. Taylor, Phys. Rev,
176, 1-15, (1968).

F. H. Omarsson, E. Szymanska, N. J. Mason,
E. Krishnakumar, O. Ingblfsson, Phys. Rev.
Lett., 111, 063201, (2013).
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Symmetry of resonances in Dissociative Electron

Attachment to CF,

studied by Velocity Slice Imaging

Frimann H. Omarsson*, Oddur Ingélfsson*, Ewelina Szymanska' Nigel Mason!
E. Krishnakumar?
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tDepartment of Physical Sciences, The Open University, Walton Hall, MK7 6AA, Milton Keynes, UK
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Velocity Slice Imaging is a powerful tech-
nique, which recent application in Dissociative
Electron Attachment (DEA) studies, has re-
vealed details that are not accessible with con-
ventional experimental methods [1]. In VSI a
pulsed electron beam interacts with a perpen-
dicular molecular beam, and through the ki-
netic energy release in the DEA process the
fragment ions produced expand to form a New-
ton sphere. The spatial ion density of this
sphere reflects the angular distribution of the
fragments formed. Hence, by recording the
central slice of the Newton sphere of ions, their
angular distribution can be obtained simulta-
neously over the whole (0-360°) angular range.
Furthermore, due to conservation of momen-
tum, the kinetic energy release in the process
can be directly obtained from the radial extent
of the spheres expansion. In the current exper-
iment the Newton sphere is allowed to bloom
out for few hundred nano-seconds after the
electron pulse and is then extracted towards
a position sensitive detector (PSD) at the end
of a time-of-flight (TOF) tube. The bias on
the PSD is pulsed so that a thin central slice of
the Newton sphere can be recorded each time.
By using a polyatomic extension [2] of the the-
oretical diatomic model proposed by O’Malley
and Taylor [3] the angular distributions may
be fitted to obtain information on the symme-
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try of the resonances involved in the respective
DEA processes. Here the VSI-DEA apparatus
will be described as well as results from mea-
surements on CF,. The VSI data provides an
unprecedented insight into the quantum super-
position of the target and product states in the
DEA process, and we argue that the symme-
try of both these sates, Tq and Cs, respectively
are reflected in the angular distributing of the
fragment jons. Furthermore, the strong cou-
pling of the electronic and nuclear kinetic en-
ergy, provided through the Jahn-Teller effect,
in this highly symmetrical molecule is also re-
flected in the kinetic energy release (KER) in
the CF5 formation through DEA [4].
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(2+n) REMPI LJOSEINDALITROFSGREINING:

VIXLVERKUN ASTANDA OG LJOSHVOTUD NIDURBROT A
CH3BI‘

ARNAR HAFLIDASON, HUASHENG WANG, AND AGUST KVARAN*

*Raunvisindastofnun, Haskoli [slands, Dunhagi 3, 107 Reykjavik, Island

Petta verkefni er rannsokn & CH;Br (metyl
brémid) sameindinni, par sem kénnud verdur
vixlverkun milli &astanda og myndun &
sameindar og atéom nidurbrotum. Gogn tengd
massa og tidni eru tekin saman fyrir fyrirfram
akvedid orkubil, sem gefur 2D REMPI rof.
Rannsoknin fer fram 4 orkubilinu ~ 81 000
em™ — 85000 cm™.

(2+n) REMPI (Resonance-Enhanced Multi
Photon Ionization) adferdin notar orkuhaar
ljoseindir til ad orva rafeindir i sameindinni a
orkuhzrri astond. Til pess er notadur Excimer
leysir (Lambda Physik COMPex 205) i
samvinnu med litaleysi (ScanMate Pro). i
pessari tilraun er CH;Br 6rvad med 2
ljéseindum upp i Rydberg asténd (CH;3Br + 2
hv © CH;Br** (Ry)). Fra Rydberg astandi
getur sameindin vixlverkad vid t.d., Onnur
Rydberg astond, jonpara astond  eda
rofferilsastond. Vixlverkun vid jonparadstond
geta leitt til rofs sem leidir til joénpara
myndunnar: CH3Br#**, CH;Br** > CH; +
Br. eda par semvixlverkun vid rofferilasténd
leidir til nidurbrots og myndunar 4 radikélum:
CH;Br**, CH;Br** -> CH; + Br. Sja ma
nokkur demi um moguleg nidurbrot &
CH;Br**(Ry) i toflu 1. Jénun 4 nidurbrotum
er sidan greind og skrad, t.d. CH;": CH; + 2
hv > CH3**, CH3** + nhv > CH;" +e¢..

Tafla 1. Nidurbrot fra Rydberg astondum.
CH;Br** - CH;+Br
CH3BI‘** -> CH2+ HBr
CH;Br** - CH, + H+ Br
CH;Br** > CH + H + HBr
CH;Br** - C + H, + HBr

Fra pessu eru gbgn um massa 0g REMPI
rof fengin og greining 4 ymsum jona
myndunum er skodud, t.d., CH;", CH,", CH",
Br'. betta er gert med notkun & TOF (e. time
of flight) massagreini med MCP (e.
microchannel plate) skynjara. Merki fra
skynjaranum eru leidd i 400MHz sveiflusja
(sja Mynd 1). Gogn sem innihalda merki um
jonamyndun med mismunandi massa og
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srvunar bylgjutslu getur verid sett fram sem
2D REMPI. Utslag toppanna sem myndast
fyrir hverja jon er heildad til ad finna ut
hversu mikid myndadist af jonum, sem fall af
orvunar bylgjutslu, sem gefur 1D REMPI rof

(1]

FPellin Broca Prisu

| p
MCPDetedor L!,,_‘Ei_
U I

Mynd 1. Uppstilling 4 malitekjum fyrir REMPI
melingar. Massaréf er skrdd sem fall af
Srvunarorku til ad fa tvivid (2D) REMPI gogn.

Fengin gogn eru nu unnin. Einblint er 4 ad
finna sonnur um vixlverkun milli 4standa. Ferill
sem leidir til ljoshvatads nidurbrots 4 CH;Br
sameindinni er svo radinn med hjalp
skammtafradinnar.
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This research involves experiments on the
CH;Br (methyl bromide) molecule and obser-
vations of state interactions and formations of
molecular and atomic fragments. A collection
of mass and frequency data over a selected
energy range is obtained, generating 2D
REMPI data. Experiments are performed for
the ~ 81 000 cm™' — 85 000 cm™ resonance
energy range.

The (2+n) REMPI (Resonance-Enhanced
Multi-Photon Ionization) technique uses high-
energy photons to excite electrons in mole-
cules, using Excimer laser (Lambda Physik
COMPex 205) pumped dye-laser (ScanMate
Pro) system. In this experiment CH;Br is ex-
cited with 2 photons to excited Rydberg states
(CH3Br + 2 hv - CH;Br**(Ry)). Rydberg
states then can interact with other states, e.g.,
other Rydberg states, ion-pair states or repul-
sive states. Interactions with ion-pair states
can lead to dissociations to form ion pairs:
CH;Br** = CH;" + Br, whereas interactions
with repulsive states can lead to formations of
radical fragments: CH;Br** -> CH; + Br.
Several examples of possible dissociations of
CH;Br**(Ry) are shown in Table 1. Ioniza-
tion of these fragments is then observed and
recorded, e.g., CHs + 2 hv &> CH3**, CH3**
+nhv=> CH; +e.

Table 1. Dissociation of Rydberg states.
CH3BI’** > CH3+BI’
CH;Br** - CH,+ HBr
CH;Br** > CH,+ H + Br
CH;Br** 2> CH + H + HBr
CH3BI’** 2>C+ Hg + HBr

Thus mass and REMPI spectra are obtained
and detection of various ion formations can be
observed, e.g., CH;", CH,", CH", Br’, etc.
This is done by a TOF (time of flight) mass
spectrometer tube and a MCP (microchannel
plate) detector, whose signals are fed into a
400MHz storage oscilloscope (see Figure 1).
Data involving ion signals for different mass-
es and excitation wavenumbers can be dis-
played as 2D REMPI spectra. Signal intensi-
ties for each ion are integrated to find relative
magnitude of ions formed, as a function of

excitation wavenumbers, to give 1D REMPI
spectra [1].
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Figure 1. Experimental setup for REMPI meas-
urements, Mass spectra are recorded as a function
of resonance excitation energy to obtain two-
dimensional (2D) REMPI data.

Data collected is then processed. The focus is
on finding evidence of state interactions. The
mechanism for the (photo)dissociation of the
CH;Br molecule can then be determined by
help of quantum mechanical models.
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5°-6 tengdar flirljomandi kirnisleifar
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Mynd 1. Byggingar kirnisleifa 1-10.

Su stadreynd ad kirni eru ekki ljomandi veldur pvi
28 rannsoknir 4 kjamsyrum med flirljomunar
litréfsgreiningu krefst innleidingar 4 flirljomandi
einingum. S0 innleidingar-adferd sem veldur
minnstum breytingum 4 néttarulegri byggingu
kjarnsyrunnar er ad byggja vid nattirulegu basana
til ad fa fram flurljomun. Vid hofum a6ur smidad
5-6 tengdu kirnisleifina 1 (Mynd 1) med hvarfi
1,10-fenanprolin-5,6-dion vid 5-aming-2°-
deoxycytidin.[1] Par sem efnasmidarnar 4 1 voru
tiltslulega einfaldar akvadum vid ad beita sému
adferd til ad smida flirljomandi 5°-6-tengdar
kirnisleifar. Niu diketénar voru valdir til ad smida
kirnisleifar 2-10 (Mynd 1). Safnid reyndist hafa
fiolbreytta ljomunareiginleika.
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Til a8 kanna eiginleika flarljomandi 5°-6-
tengdra kirnisleifa i DNA var kirnisleif 9 innleidd
4 S5‘enda 14-basa fakirnis. Ljosfradilegir
eiginleikar 9 voru rannsakadir badi i einstrendu
og tvistrendu DNA. Einnig voru eiginleikar 9
rannsakadir i DNA helix sem innihélt einn brotinn
strending til ad kanna mogulega innleidingu 5°-6-
tengdra kirnisleifa { innri-st6du i kjamsyru-
tvistrendingi.

Tilvisanir

[1]1 K. Gislason and S. T. Sigurdsson, Eur. J. Org.
Chem. (2010) 4713.



Poster 21

5°-6 locked fluorescent nucleosides
Kristmann Gislason* and Snorri Th. Sigurdsson*

" Science Institute, University of Iceland, Dunhagi 3, Reykjavik.

F 0
g ] 3 fk ]
N 1 o P | S Fs ! . o} .
N N < | | L |
g e o S ¢ SIS & JENPR § 4
0" 07>N"Sp 0 o} o
> N SN0 coNTTo DN
| i
oH 1 OH 2 OH 3 oH 4 oH §
ON
- g )
s
SOMRS o% &
= 2N Z N > N

Figure 1. Structures of nucleosides 1-10.

Due to the non-emissive nature of nucleotides,
fluorescence spectroscopic studies of nucleic ac-
ids require incorporation of chromophores. The
least invasive method to achieve this is to expand
the structure of one of the natural bases to obtain
a chromophore. We have previously synthesized
5¢-6 locked nucleoside 1 (Figure 1) containing a
1,10-phenanthroline moiety by condensation of
1,10-phenanthroline-5,6-dione  to 5-amino-2°-
deoxycytidine.[1] Due to the simplicity of the
synthetic approach we decided to apply the same
method to synthesize fluorescent 5‘-6-locked nu-
cleosides. Nine commercially available diketones
were chosen to obtain 5‘-6-locked fluorescent
nucleosides 2-10 (Figure 1). The group displayed
varied photophysical properties, such as absorp-
tion and emission maxima, extinction coefficients
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and quantum yields.

To study the properties of fluorescent 5°-6-
locked nucleosides in DNA, nucleoside 9 was
phosphitylated and incorporated at the 5’-end of a
model 14-mer oligonucleotide. The photophysical
properties of 9 were determined in both single-
stranded and double-stranded DNA. Also, the
properties of 9 were determined in a nicked DNA
helix to study the possibility of incorporating 5°-
6-locked nucleosides at internal positions in nu-
cleic acid double helixes.

References
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Nidurbrot 1-halo-kisilhringhexana:
Mzelingar, tolvureikningar og hermun

Katrin Lilja Sigurdardéttir®*, Ingvar H. Arnason®, Andras Bodi', Ragnar Bjornsson
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Stellingajafnvaegi  setinna kisilinnihaldandi
sexhringja hafa verid rannsokud itarlega af
Ingvari Arnasyni og rannsoknarteyml hans vid
Raunvisindastofnun Haskéla fslands [1]. Til
ad 6dlast dypri skilning 4 pessum sameindum
var akvedid ad mela proskuldsorku fyrir
nidurbrot einsetinna halégen kisilsexhringja,
(CH»)sSiHX; X F, Cl, Br, I, med
svokolludum TPEPICO mzlingum[2].
Melinidurstddur hverrar sameindar innihalda
TOF massar6f af jonadri sameind og peim
nidurbrotseiningum hennar sem eru & jona-
formi.

Pegar réttir massatoppar eru heildadir
og hlutfall peirra dregid upp sem fall
af heildarorku sameindajénarinnar,
feest nidurbrotsferill tiltekinnar
sameindar. Til samanburdar vid bessa
meldu nidurbrotsferla voru orkuferlar
fyrir nidurbrotin  reiknadir med
skammtafraedilegum adferdum.
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Mynd 1. Nidurbrotsferill (CH,)sSiHCL.

Nidurbrotsferlar F-, Cl- og Br- setinna hringja
reyndust keimlikir. Vid legsta orkugildi brot-
nar CoH, eining af, en einnig eru par synileg
CsHg, H og X = Cl, Br nidurbrot i minna
meli. Vid harri orku brotnar svo énnur CoHy
eining af. Nidurbrotsferill I-setins hrings er
tsluvert 6likur. Par klofnar I af vid legstu
orku og vid herri orku klofnar af C,H,. bessar
nidurstédur eru i megindrattum i godu
samreemi vid hina reiknudu orkuferla fyrir
nidurbrotin.

Tengjaorkur fyrir 611 moguleg fyrstu nidurbrot
4 hringnum voru reiknadar og i lj6s kom
dhugavert mynstur milli halégenanna fjogurra.
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Mynd 2. Synir numer kolefnisatéma i hringnum.

Rof C3-C4 tengisins, sem leidir svo af sér C;H,
eda C3Hyg klofnun, krefst svipadrar orku fyrir alla
fjora hringina en Si-X tengjaorkan minnkar
t6luvert med sterd X. 1 tilfelli I-setna hringsins er
tengjaorka Si-1 minni en tengjaorka C3-C4 og
skyrir pad hvers vegna nidurbrotsferillinn fyrir I-
setna hringinn er olikur  niGurbrotsferlum
hringjanna sem setnir eru med F, Cl og Br.
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Mynd 3. Samanburdur 4 teng]aorku fyrlr fyrsta
mogulega tengjarof i sameind.

A heildina litid er samremi gott milli maldu
ferlanna og beirra reiknudu. Hins vegar er
ekki mogulegt ad lesa klofnunarorkuna beint
af nidurbrotsferlunum. Pa parf ad herma til ad
fa tolugildi sem mé bera saman vid reiknudu
gildin. Sem stendur er enn unnid ad hermu-
ninni.
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Conformational properties of substituted
Silicon-containing six-membered rings have
been investigated thoroughly by Ingvar Ar-
nason’s research group at the Science Institute
[1]. In order to obtain a deeper thermochemi-
cal understanding about these ring systems,
we decided to carry out a Threshold Photoe-
lectron Photoion coincidence (TPEPICO)[2]
analysis on monohalogenated sila-
cyclohexanes (CH»)sSiHX; X =F, Cl, Br, L.
The experimental data include TOF mass
spectra of the molecular ion and of its ionic
fragments. A breakdown diagram is obtained
from the mass spectra by integrating the cor-
rect TOF mass peaks and plotting their frac-
tional abundance as a function of the paren
ion internal energy. For comparison, ener,
diagrams for the most common breakdown
pathways were calculated by computational
methods.
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Figure 1. Breakdown diagram for (CH,)sSiHCL

The breakdown diagrams are similar for the

F-, Cl- and Br-substituted rings. The first dis-
sociation involves the loss of a C,H, fragment
and competitive dissociations where the frag-
ments C;Hg, H or X = Cl or Br are likely to
break off the molecule. At higher energies, a
consecutive dissociation step is seen with the
loss of a second C,H4 fragment. The break-
down diagram for the

I-substituted ring is different, where the first
dissociation is a loss of an I atom and the con-
secutive step is a loss of a C;H, fragment.
This is in good agreement with the calculated
energy breakdown diagrams. The bond energy
for all possible 1% breakage of all the four
rings were

calculated, showing some

interesting trends for the four different
halogens.
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Figure 2. Showing numbering of carbon atoms.

Cleavage of the C3-C4 bond resulting in either
C,H, or C;Hg loss, requires similar energy for all
rings, but the Si-X bond energy decreases
considerably as the X atom grows larger. For the
I-ring, the calculated Si-I bond energy is lower
than the C3—C4 bond energy.
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Figure 3. Comparlslon of the bond energies for all
possible 1* breakages.

In general, the appearance of the breakdown
curves for all of the four rings are in good
accordance with the calculated energy dia-
grams.

Nevertheless, the bond dissociation energies
can not be read directly from the breakdown
diagrams. The breakdown processes have to
be modelled to obtain values comparable to
the

calculated values. At present, the modelling is
still being worked on.
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Characterisation of human gluconokinase and its proposed impact on
human metabolism
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Gluconate is a commonly encountered nutrient yet its metabolism in humans is unaccounted for. A gene
encoding a gluconokinase was recently identified highlighting an overlooked route of carbon flux into the
pentose phosphate pathway. The pathwy is key for cellular redox homeostasis and nucleotide and amino
acid anabolism. Here we report the biochemical characterisation of the enzyme along with computational
network modelling of its contribution to human energy metabolism. The enzyme, shown to be a dimer,
had ATP dependent phosphorylation activity and strict specificity towards gluconate. Isothermal titration
calirometry allowed the determination of reaction kinetics. In vitro cell assays showed that despite
expression of the active enzyme, Hep-G2 and Ht-29 cells do not incorporate gluconate during
proliferation implying its source could be endogenous. To gain insight into the role of gluconokinase and
the metabolic impact of gluconate we modeled gluconate metabolism using steady state metabolic
network analysis. The data indicate that significant flux changes in anabolic pathways linked to the
pentose phosphate pathway are induced through a small increase in gluconate concentration. We argue
that the enzyme takes part in a previously undiscovered context specific carbon flux route into the pentose
phosphate pathway in humans.
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TMC homopolymer and other N-alkyl-quaternized chitosan deriva-
tives as Permeation enhancers for bronchial epithelial
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The polysaccharide chitosan has been
the subject of numerous studies as a potential
permeation enhancer, mainly to increase ab-
sorption in the intestinal mucosa. The ad-
vantages of the chitosan polymer are its mu-
coadhesive nature, biodegradability and safety
in non-parental dosage formulations. Introduc-
ing a permanent positive charge, such as with
N,N,N-trimethyl chitosan (TMC), increases
the aqueous solubility of chitosan at physio-
logical pH. TMC previously studied had dif-
ferent degrees of trimethylation, often accom-
panied with O-methylation, thereby reducing
the water solubility. We have recently used
the tert-butyldimethylsilyl protection strategy
to synthesize fully trimethylated chitosan
without O-methylation in addition to N-alkyl-
N,N-dimethyl chitosan derivatives [1]. The
aim of the current study [2] was to determine
the permeation enhancing effects of these qua-
ternary chitosan derivatives and establish a
structure-activity relationship.

VA10 human bronchial epithelial cells
were cultured on transwell filters under air-
liquid interface. The epithelia were then treat-
ed with the chitosan derivatives N,N,N-
trimethyl chitosan (TMC), N-propyl-N,N-
dimethyl chitosan (QuatPropyl), N-butyl-N,N-
dimethyl chitosan (QuatButyl) and N-hexyl-
N,N-dimethyl chitosan (QuatHexyl). Transep-
ithelial electrical resistance (TER) for all de-
rivatives, a useful indicator of the function of
the tight junctions, decreased in a dose-
dependent manner. The decrease was different
between derivatives, with TER decreasing
slowly for TMC and QuatPropyl but a rapid
decrease was observed for QuatButyl and
QuatHexyl chitosan derivatives. TMC caused
a 55 % decrease in TER, QuatPropyl 73%,
QuatButyl 91% and QuatHexyl 90% for the
highest concentration (1 mg/mL). The de-
crease in TER values was associated with in-
creased paracellular permeability of FITC-
labeled dextran 4 kDa with the highest in-
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crease in permeability obtained after treatment
with QuatButyl followed closely by QuatHex-
yl, than QuatPropyl and finally TMC..
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Figure 1. Quaternary chitosan derivatives used
in the current study.
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Figure 2. Comparison of FITC-dextran 4 kDa
Papp values between the quaternary chitosan de-
rivatives
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The effect of salt bridges on the properties of aqualysin I, a thermostable
subtilisin-like proteinase.
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Aqualysin I (AQUI) is a subtilisin-like serine proteinase (subtilase), from the thermophilic bacterium Thermus
aquaticus. We have compared the structure and properties of AQUI to homologous subtilases, from
microorganisms adapted to lower temperatures, in order to gain a better insight into the molecular
mechanisms of temperature adaptation of those enzymes. Such a comparison to a close structural homolog
from a psychrophilic marine Vibrio sp. (VPR) indicated that the thermostable enzyme contains several
additional putative salt bridges, which are not present in the structure of the cold adapted VPR. To test
whether these additional salt bridges contribute to thermostabilization of the thermophilic enzyme, we have
studied the effects of deleting some of the putative salt bridges from the structure of AQUI by site directed
mutagenesis. In most cases the mutations of AQUI involved an exchange to the corresponding residue in
VPR. Most mutations had relatively benign effects on the properties of the enzyme with respect to stability
and kinetic properties. For the single mutant, AQUI-D17N, in which a putative salt bridge between Asp17 and
Arg259 was eliminated, an 8-9 °C decrease in thermal stability was observed, however. In another set of
mutants, AQUI-D98S and AQUI-D98G, the turnover number, ke, was increased twofold when activity was
measured against synthetic substrates. These residue exchanges would be expected to weaken a potential
Asp98-Arg95-Asp58 ion pair in the protein, as well as to reduce the number of hydrogen bonds involving
residue 98 and critical residues of the substrate binding site of the enzyme. These mutations however had no
significant effects on the thermal stability of the enzyme.
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Cancer Therapy - Synthesis and Characterization
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In recent decades, derivatives of natural
carbohydrate polymers like chitosan have
received attention for their possible utilization
in nanoscale drug delivery systems. Such
systems could be used to overcome some of the
problems associated with many traditional anti-
cancer agents, such as low solubility and
ineffective tumor targeting [1]. Drug-polymer
conjugates have now become well-established
nanoscale systems which can be utilized in
cancer therapy to improve solubility of
lipophilic drugs in order to achieve more
specific tumor targeting by taking advantage of
the enhanced permeability and retention (EPR)
effect [2]

In the current study, lipophilic photosensitizer
and polar derivatives of triethyleneglycol (TEG)
were attached to the backbone of TBDMS-O-
protected  chitosan. Nucleophilic ~ and
electrophilic substitutions were utilized for these
reactions and reductive alkylation was also
attempted. Two types of nanocarriers were
synthesized and one of these had good aqueous
solubility.

Characterization methods used in this study
included "H NMR (figure 1), °C NMR, 'H-'H
COSY, FT-IR and Mass spectrometry’s. UV-
and dynamic light scattering (DLS) experiments
were also conducted to obtain data on
nanoparticle formation and their characteristics.

The investigations seen in figure 2 showed that
the water soluble nanocarriers formed
nanoparticles with an average diameter of 216
nm. Z-potential measurements also indicate that
the final nanocarrier would be stable in aqueous
environment.

Thus it is possible that this nanocarrier could be
used in light activated cancer therapy. For
example, these carriers could be used to release
trapped cancer drugs from endocytic vesicles
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with a new method called photochemical
internalization (PCI).
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Figure 1. '"H NMR of TEGylated-TPP-
piperazine chitosan nanocarrier
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Figure 2. Size distibution measurment of
Chitosan nanoparicles measured by DLS
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Silicones are biocompatible polymers
which have been used for different kinds of
applications both medical and non-medical.
Silicone matrix formulations have many
unique characteristics, they are non-
biodegradable polymers, suitable for medical
use, drug delivery matrices and in medicated
prosthesis. Drug micro- and nanoparticles
have been embedded for various types of ap-
plications such as birth control implants and
transdermal patches. The high stability of the
silicone and the biocompatibility offers great
advantage as matrix drug formulation and the
good reproducibility of drug release from such
formulation are advantageous especially when
considering modelling drug release from such
formulations.

Based on our previous modelling, two non-
linear coupled partial differential equations
derived from the Noyes-Whitney and Fick’s
second law were solved numerically using
MATLAB. The aim was a model which could
accurately predict the rate of drug release
from silicone elastomers, as well as un-
dissolved drug concentration in the material at
each point in time (Figure 1). The predictions
could be fitted to the experimental data[l].
Drug release from these matrix type systems
were conducted with vertical Franz diffusion
cells which offers one dimensional diffusion
and is advantageous for definition of release
profile from the silicone matrix.

Here is also presented further modifications of
the numerical modelling of multi-layered sili-
cone membranes with the aim of adding the
skin into the model. Therefore offering a
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model with the option of having multi-layered
silicone matrix as well as implicating the skin
as one barrier/layer in the numerical model-
ling.
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Figure 1. Amount of drug release for ibuprofen;
comparison between numerical results and exper-
imental data (a) for three different layer configura-
tions (b).
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