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El6sz6 / Foreword

Kedves Olvasok!

Az év vége mindig remek alkalom
arra, hogy visszatekintsiink az elmult
hoénapokra, és egyuttal eldretekintsiink
a kovetkezd esztendd varhatdo esemé-
nyeire. A SpectrOpus idei utolsé szama
is ezt a kettds célt szolgalja: szamot vet
az elmult idészak fontos torténéseivel,
¢s izelitot ad a 2025-6s év tudomanyos
programjaibol. Hirt adunk a 2025. feb-
rudr 11-12-én megrendezésre Kkeriild
Labortechnika Kiallitasrol és Analiti-
kai Ankétrdl, amely az ELTE Gomb
Aulajaban keriil lebonyolitasra. Eldze-
tes értesitést olvashatnak a 64. Magyar
Spektrokémiai Vandorgyiilésrol,
amelyet 2025. november 5-7. kozott
Balatonszarszon rendeziink meg. A
Vandorgytiléssel parhuzamosan szerve-
z6dik a XVI. Komyezetvédelmi Anali-
tikai és Technolégiai Konferencia is.
Az 10 generacio képviseldiként Dorkota
Andrea ¢és Kantor Monika ismertetik
kutatasi témaikat, amelyek a vizmind-
ség-ellendrzést6l a fenntarthatosagig
szamos aktualis kérdést érintenek. To-
vabba beszamolunk a 40. Borsodi Ve-
gyipari Naproél, amely jubileumi al-
kalommal, a Magyar Tudomany Unne-
pe keretében keriilt megrendezésre, és a
magyar vegyipar jeles eseményeit idéz-
te fel. Kiilon 6rom szamunkra, hogy
ebben a lapszamban kozoljik a 2024.
oktober 4-én, a Magyar Tudomanyos
Akadémia Titkarsagan megtartott Tu-
domanyos Ulésiink eléadasainak ki-

|
2024. december 31.

Dear Readers,

The end of the year is always a great
opportunity to reflect on the past
months while also looking ahead to the
events of the coming year. The final
issue of SpectrOpus for this year ser-
ves this dual purpose: it reviews sig-
nificant happenings of the recent peri-
od and offers a preview of the scienti-
fic programs planned for 2025. We
bring you news about the Laboratory
Technology Exhibition and Analyti-
cal Symposium to be held on Febru-
ary 11-12, 2025, at the ELTE Globe
Hall. You will also find preliminary
information about the 64™ Hungarian
Spectrochemical Conference, which
will take place from November 5-7,
2025, in Balatonszarszo. The 16"
Environmental Analytical and Tech-
nological Conference will be held
concurrently with our conference.
Representing the new generation,
Andrea Dorkota and Monika Kantor
will introduce their research topics,
covering a range of timely issues from
water quality monitoring to sustainabi-
lity. Additionally, we report on the
40™ Borsod Chemical Industry Day,
a jubilee event held during the Hunga-
rian Science Festival, which recalled
notable milestones in Hungarian che-
mical industry history. We are especi-
ally delighted to include abstracts of
the presentations delivered at our Sci-
entific Meeting held on October 4,
2024, at the Secretariat of the Hungari-
an Academy of Sciences.
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vonatat is. Végiil, de nem utols6é sorban olvas-
hatnak Krausz Ferenc, Nobel-dijas tuddsunk
Tudomanyos Expén tartott eléadasarol,
amely a kutatas €s az innovacié hatarait fesze-
getd alapkutatasok jelentdségét mutatta be. Re-
méljiik, hogy a mostani lapszam is értékes ol-
vasnivalot nyajt Ondknek, és inspiraciot meri-
tenek a tudoményos kozosséglink gazdag €s
véltozatos munk4jabol. Kivanunk Ondknek si-
kerekben, eredményekben és felfedezésekben
gazdag Gjévet!
Minden jot kivanunk!

Udvozlettel:
A Spectropus szerkesztosége
2024. december

SpectrOpus

Last but not least, you can read about the lectu-
re delivered by our Nobel Prize-winning scientist,
Ferenc Krausz, at the Science Expo, where he
highlighted the importance of groundbreaking
fundamental research that pushes the boundaries
of innovation and discovery. We hope this issue
offers valuable reading material and inspiration,
drawing from the rich and diverse work of our
scientific community. We wish you a new year
filled with success, achievements, and discoveri-
es!

Best regards,

The Editorial Team of SpectrOpus

December, 2024.

Analitikai Ankét a Labortechnika Kiallitason/
Analytical Scientific Meeting at the Laboratory Technology Exhibition

Kedves Kollégak!

Szeretnénk felhivni a figyelmiiket a 2025.
februar 11-12-én megrendezésre keriilé La-
bortechnika Kiallitasra és Analitikai Ankétra,
melynek az ELTE Gomb Aulédja ad otthont,
Budapesten. A tudomanyos Ankét az
AKKTB, az MKE Analitikai Szakosztalya és
az MKE Spektrokémiai Tarsasaga kozos
szervezésében valosul meg és analitikai fej-
lesztésekrol, valamint korszerti alkalmazasok-
6l sz616 eldadasok bejelentésére van lehetd-
ség, doktorans hallgatok szakmai bemutatko-
zasra is kitlind alkalmat teremtve.

Tovabbi részletek és a jelentkezési leheto-
ségek a Labortechnika Kidallitas és az Analiti-
kai Ankeét honlapjan (https:/
analitikaiexpo.mke. org.hu/) taldlhatok. A
rendezvény nyelve a magyar.

Udvézlettel:
Szerkesztok

Dear Colleagues,

We would like to draw your attention to the
Laboratory Technology Exhibition and Analy-
tical Scientific Meeting to be held on February
11-12, 2025, hosted in the ELTE Sphere Hall,
Budapest. The scientific meeting is jointly or-
ganized by the Analytical and Environmental
Chemical Scientific Committee (AKKTB), the
Analytical Department of the Hungarian Che-
mical Society (MKE) and the Spectrochemical
Society of the MKE. It is possible to announce
presentations on analytical developments and
modern applications there, creating an excel-
lent opportunity for doctoral students to intro-
duce themselves professionally.

Further details and application options can
be found on the website of the Laboratory
Technology Exhibition and the Analytical Sci-
entific Meeting https://
analitikaiexpo.mke.org.hu/). The language of
the event is Hungarian.

Regards,

Editors



https://analitikaiexpo.mke.org.hu/
https://analitikaiexpo.mke.org.hu/
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El6zetes értesités a 64. Magyar Spektrokémiai Vandorgytilésrél /
Preliminary notice on the 64" Hungarian Spectrochemical Conference

Kedves Olvasok!

A Magyar Kémikusok Egyesiiletének
(MKE) Spektrokémiai Tarsasaga (SKT) 2025
-ben megrendezi a 64. Magyar Spektrokémiai
Vandorgyiilést.

A rendezvény helyszine €s idépontja:

Balatonszarszé, SDG Csaladi Hotel és
Konferencia-kézpont, 2025. november 5-7.

Tarsrendezvényiink immaron hagyomanyo-
san:

a XVI. Kornyezetvédelmi Analitikai és
Technologiai Konferencia,

melyet azonos helyszinen és idépontban, 6n-
allo, parhuzamosan lebonyolitott rendezvény-
ként terveziink megszervezni. Az MSV foru-
mot biztosit az atom- és a molekulaspektro-
szkopia elméleti kérdéseivel és gyakorlati
alkalmazasaival, valamint a kornyezetvédel-
mi analitika aktudlis kérdéseivel foglalkozo
szakemberek véleménycseréjéhez és tovabb-
képzéséhez.

Altalanos informaciék

A 64. MSV hivatalos nyelve magyar,
ugyanakkor a magyarorszagi kutato- és felso-
oktatasi intézményben kutatast végzd kiilfoldi
hallgatoknak szakmai munkajuk angol nyel-
ven torténd bemutatasara is lehetdséget bizto-
situnk. A ren- r""
dezvény kere-
tében a Torok
Tibor Emlék-
érem atadasi- g
ra is sor kertiil.
Mind szobeli, g
mind poszter
eléadasokat
elfogadunk,
de a szobeli|

Dear Readers,

The Spectrochemical Society (SKT) of the
Hungarian Chemical Society (MKE) will orga-
nize the 64™ Hungarian Spectrochemical
Conference in 2025.

Venue and date of the event:

Balatonszarszo, SDG Family Hotel and
Conference Center, November 5-7, 2025

Our companion event is now traditionally:

the XVIL. Environmental Analytical and
Technological Conference,

which we plan to organize at the same location
and time, as an independent, parallel event.
The MSV provides a forum for the exchange
of opinions and further training of specialists
dealing with the theoretical issues and practical
applications of atomic and molecular spect-
roscopy, as well as current issues of environ-
mental analytics.

General information

The official language of the 64™ MSV is
Hungarian, but at the same time, we offer fo-
reign students conducting research in Hungari-
an research and higher education institutions
the opportunity to present their professional
work in English. The Ti-
bor Torok Memorial Me-
dal will also be handed
over as part of the event.
oy Both oral and poster
presentations are accep-
g ted, but oral presentati-
ons are preferred. We
welcome any presentati-
al on illustrating the frontier
between science and in-
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eldadasokat részesitjiik elonyben. Szivesen — dustry, as well.

fogadunk a tudomany és ipar hatarteriiletét As soon as the first circular is published, we
bemutat6 barmilyen el6adast is. will inform our readers about the details of the

Amint az els6 korlevél megsziiletik, értesit-  registration.
jik olvasdkodzonségiinket a jelentkezés részle-

teirdl.

Bemutatkoznak fiatal kollégaink/ Our young colleagues introduce

themselves

Nagy 6rom szamunkra, hogy ismét két fiatal It is with great pleasure that we can again
kolléga bemutatkozasat kinalhatjuk olvasoink- offer our readers the introduction of two
nak, ezattal Go6dollérdl. Fogadjak szeretettel! young colleagues, this time from GO&dollo.

Andrea Dorkota, Ph. D.
student

Welcome them with love!

Dorkota Andrea

A kovetkezd par gondolattal szeretnék bemutatkozni a MKE Spektrokeé-
miai Tarsasag hirlevelében. A nevem Dorkota Andrea, 2000-ben sziilettem
Budapesten. A kozépiskolai tanulméanyaimat egy 8 osztalyos gimndzium-
ban, a Laszl6 Gyula Gimnazium és Altalanos Iskoldban végeztem.

Az alapképzésemet a Magyar Agrar- és Elettudomanyi Egyetemen telje-
sitettem (volt Szent Istvan Egyetem), mint kdrnyezetmérnok. Szakdolgoza-
tom ,,A Biodom szennyvizkezelésében rejlo lehetoségek” cimre hallgatott,
mely a Biodom vizgazdalkodasaval és annak lehetséges kezelési és felhasz-
nalasi lehetdségeivel foglalkozott. A korforgasos gazdalkodasra is kitértem,
a szennyvizkezelés sordn keletkezd iszap, valamint az egyéb képzddo szer-
ves hulladék kapcsan. A szakdolgozatom elézménye ,,A Biodom vizgazdal-
kodasa - a szennyvizkezelésben rejlo lehetoségek” cimii palyamunkam volt,
mellyel a Koros Campus Alapitvany altal szervezett palyazaton I. helyezést
értem el.

Mesterképzésem helyéiil a Budapesti Miiszaki és Gazdasagtudomanyi
Egyetemet valasztottam, ahol az Epitémérnoki Karhoz tartozé Infrastrukti-
ra-€pitdmérndki szak mellett dontdttem. A képzés sordn a ,,Viz- és vizi kor-
nyezetmérnoki” specializaciot valasztottam. A mesterképzésem ideje alatt
III. helyezést értem el az ,,[vovizbazis és viztisztito telep rekonstrukcioja”
cimli palyamunkdmmal a BME szervezésében megrendezett TDK konfe-
rencian, a Z6ld TDK — Tiszta viz és kornyezet szekcioban. A palyamunkdm
a késobbi diplomamunkam alapjaul szolgélt. A diplomamunkam végiil az
»Ivovizbdzis és viztisztito telep rekonstrukciojanak tervezése” cimet kapta.
A téma egy olyan iizemeld telephely volt, melyen bemutathatéak voltak az
ivoviztisztitas feltételei, az elérhetd €s alkalmazott technoldgidk, valamint a
kivitelezéshez sziikséges tervezés kdvetelményei.

Jelenleg a Magyar Agrar- és Elettudoméanyi Egyetem elsé éves PhD hall-
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gatdja vagyok. A témavezetoém Dr. habil. Horvath Mark Kalman. A doktori
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ramétereit vizsgalom és az igy a kapott eredmények alapjan megfogalmazom,
hogy egyes vizek milyen tovabbi felhasznalasra alkalmasak. Modellkisérle-
tekkel probalom bizonyitani, hogy hogyan jelennek meg a vizekben mért pa-
raméterek a novényekben, valamint, hogy ezek milyen hatasokat eredmé-
nyeznek. A Kornyezettudoméanyi Doktori Iskoldban végzett kutatdsaimmal
szeretném alatamasztani azt a hipotézisemet, miszerint a mesterségesen tar-
tott allatok alol kikeriild jelentds mennyiségli vizeket nem szabad veszni
hagyni, hiszen szamos alternativ vizfelhasznalas alapjaul szolgéalhat. A kuta-
tasi témam aktualitdsa azon alpszik, hogy a j6 mindségli vizek ardnya nem-
csak hazankban, hanem globalis szinten is egyre aggasztobb mértékben csok-
ken.

A tanulmanyaimmal parhuzamosan egy olyan cégnél dolgoztam/
dolgozom, ahol egyszerre gyakorolhatom a kornyezetmérnoki és infrastruk-
tura-épitdmérnok végzettségemet. A valtozatos munkaknak kdszonhetden hol
kornyezetvédelmi tanulményirasban kell helytallnom, hol egy konkrét vizi
létesitmény tervezésében kell segédkeznem.

I would like to introduce myself in the newsletter of the Spectroc- [l
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hemical Society (MKE) with the following few thoughts. My name m G E G
is Andrea Dorkota, I was born in 2000 in Budapest. I completed my high
school studies in an 8-grade high school, the Laszl6 Gyula High School and
Primary School.

I completed my bachelor's degree at the Hungarian University of Agricul-
tural and Life Sciences (formerly Szent Istvan University) as an environ-
mental engineer. My thesis was entitled "Possibilities inherent in the Bio-
dome's wastewater treatment", which dealt with the Biodome's water mana-
gement and its possible treatment and use options. I also touched on circular
farming, in relation to the sludge generated during sewage treatment, as well
as other generated organic waste. The precursor to my thesis was my project
entitled "The water management of the Biodome - the possibilities inherent
in wastewater treatment", with which I achieved first place in the competition
organized by the Korés Campus Foundation.

I chose the Budapest University of Technology and Economics (BME) as
the location for my master's degree, where I decided to major in Infrastructu-
re-Civil Engineering belonging to the Faculty of Civil Engineering. During
the training, I chose the "Water and aquatic environmental engineering" spe-
cialization. During my master's degree, I won Illrd place with my project en-
titled "Reconstruction of drinking water base and water treatment plant" at
the Scientific Student (TDK) conference organized by BME, in the Green
TDK - Clean water and environment section. My internship served as the
basis for my later diploma work. In the end, my thesis was entitled "Planning

YETEM 178
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Moénika Kantor, Ph. D.
student

SpectrOpus

of the reconstruction of the drinking water base and water treatment plant".
The topic was an operating site where the conditions for drinking water pu-
rification, the available and applied technologies, and the planning require-
ments for implementation could be presented.

Kantor Monika

Kantor Ménika vagyok, Miskolcon sziilettem. Ko6zépiskolai tanulma-
nyaimat a miskolci Andrassy Gyula Miszaki Kozépiskoldban végeztem.
Erettségi utan az egri Eszterhazy Karoly Féiskolan folytattam tanulmanyai-
mat kornyezettan BSc. szakon, ahol mar a tanulmanyaim elején magaval
ragadott a sugarvédelem ¢és a radioanalitika, igy mar elsd éves hallgatoként
megkezdtem kutatdomunkémat termal és karsztvizek radontartalmanak vizs-
galata témakorben. A mérésekben segitséget kaptam az ELTE Atomfizika
Tanszékétol, ahol folyadékszcintillacids spektrométerrel végezhettem a viz-
mintadk radonmérését. A kutatdsom eredményenként részt vettem két TDK
konferencian, melyeken elsé helyezést értem el, valamint 2013-ban a
XXXI. ODTK konferencian. Szakdolgozatom is ezzel a témaval foglalko-
zott, biikkaljai és matraaljai teriileteken karszt és termalvizekben mértem
radonkoncentraciot. A radioanalitikai mérések kiegészitésre keriiltek vizké-
miai paraméterek meghatirozasaval és a geologiai Osszefiiggések vizsgala-
taval.

2021-ben Gdollén a Magyar Agrar- és Elettudomanyi Egyetem kornye-
zetmérnok MSc szakan folytattam tovabb tanulmanyaimat, ahol diploma-
munkamban korabbi kutatdsom kibdvitésre kertilt ijabb mintateriiletekkel a
g0dolléi dombsag teriiletén, tovabbd a vizek elemanalitikai vizsgalata is
megkezdddott. Az vizmintak potencialisan toxikus elemtartalma ICP-OES
technoldgia segitségével keriilt meghatarozésra.

2024. szeptemberében kezdtem meg PhD tanulmanyaimat a MATE Kor-
nyezettudomanyi Doktori Iskoldjaban. Témavezetdim: Dr. habil. Géczi Gé-
bor és Dr. habil. Horvath Mark. Kutatasom soran fizikai, kémiai és radiolo-
giai vizparaméterek kozotti kapcsolatokat és Osszefiiggéseket szeretnék
vizsgalni, melynek eredményeként célom, hogy megértsiik és monitorozzuk
a viz mindségét €s Osszetételét.

A vizparaméterek mérésére egyedi mérokor keriilt kialakitdsra, amely
alkalmas a kisérleti viztest redoxpotencial, hémérséklet és pH értékének
folyamatos kimutatasara. A kutatas kiegészitésre keriil iddszakos laborato-
riumi vizsgélatokkal, mely sordn elemanalitikai méréseket is végzek. A fo-
lyamatos mérések lehetévé teszik az ok-okozati kapcsolatok feltarasat és a
vizmindséget meghatdrozéd tulajdonsagok kozotti dsszefiiggések megérté-
sét, ami fontos lehet a kiillonb6zd ipari vagy mezdgazdasagi alkalmazasok
szempontjabol.

My name is Monika Kantor, I was born in Miskolc. I completed my
secondary school studies at the Andrdssy Gyula Technical Secondary
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School in Miskolc. After graduation, I continued my studies at the Karoly
Eszterhazy University in Eger, BSc. degree, where radiation protection and
radioanalytics captivated me from the beginning of my studies, so as a first-
year student I started my research work in the field of testing the radon
content of thermal and karst waters. I received help in the measurements
from the Department of Atomic Physics of ELTE, where I was able to meas-
ure radon in water samples with a liquid scintillation spectrometer. As a
result of my research, I participated in two TDK conferences, where I won
first place, and in 2013, at the XXXI. National Scientific Student (ODTK)
conference. My thesis also dealt with this topic, I measured radon concent-
ration in karst and thermal waters in Biikkalja and Matraalja areas. The radio-
analytical measurements were supplemented by the determination of water
chemical parameters and the investigation of geological relationships.

In 2021, in G6doll6, 1 continued my studies at the MSc in environmental
engineering at the Hungarian University of Agricultural and Life Sciences,
where my previous research in my thesis was expanded with new sample are-
as in the Godolld hilly area, and the elemental analysis of the waters also
began. The content of potentially toxic elements in the water samples was
determined using ICP-OES technology.

In September 2024, I started my PhD studies at the MATE Doctoral
School of Environmental Sciences. My supervisors: Dr. habile Gabor Géczi
and Dr. habile Mark Horvath. During my research, I would like to investigate
the relationships and correlations between physical, chemical and radiologi-
cal water parameters, as a result of which my goal is to understand and moni-
tor the quality and composition of water.

A unique measuring circuit was designed to measure the water parameters,
which is suitable for continuously detecting the redox potential, temperature
and pH value of the experimental water body. The research is supplemented
with periodic laboratory tests, during which I also carry out elemental analy-
tical measurements. Continuous measurements make it possible to reveal ca-
use-and-effect relationships and to understand the relationships between pro-
perties that determine water quality, which can be important for various in-
dustrial or agricultural applications.

Oldal 7
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Beszamolo a 40. Borsodi Vegyipari Naprol/

Report on the 40" Borsod Chemical Industry Day

A hagyomanyokhoz hiven idén is megrende- True to tradition, the Borsod Chemical In-
zésre keriilt a Borsodi Vegyipari Nap a Ma- dustry Day was held again this year on the
gyar Tudomany Unnepe alkalmabol. A 40. occasion of the Hungarian Science Festival.

jubileumi eseménynek a Miskolci Akadémiai The 40™ anniversary event was hosted by the
Bizottsag patinas székhaza adott otthont. A patina headquarters of the Miskolc Academic
rendezvényen Dr. Szalay Péter, a Magyar Ké- Committee. At the event, Dr. Péter Szalay,
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mikusok Egyesiiletének elnoke iidvozolte a
résztvevoket. Koszontotte szépkoru tagjain-
kat,ezutan az eléadasaban hangsulyozta a ké-
mikus utanpoétlas fontossagat €s ismertette a
Kémia Mindenkinek Program el6rehaladasat
(www.kemiamindenkinek.hu).

SpectrOpus

president of the Hungarian Chemical Society,
welcomed the participants. He welcomed our
well-aged members, then in his presentation he
emphasized the importance of bringing-up che-
mists and described the progress of the Che-
mistry for Everyone Program
(www.kemiamindenkinek.hu).

Idén 6ket tinnepeltiik / This year we celebrated them :
Dr. Paksy Laszlo (95), Kalmar Mihaly (85), Nagy Istvanné (80), Dr. Marossy Kalman (75)

A vegyipar teriiletén zajlo innovacidk és
kutatasok jelentds elorelépéseket mutatnak a
fenntarthatosag €s a hatékonysag terén. A 40.
jubileumi alkalmon bemutattdk a legujabb
projekteket és fejlesztéseket a hallgatésagnak
mint a kdrnyezetvédelem, az energia- haté-
konysag valamint az ujrahasznositds terén
hozhatnak &ttorést.

A déleldtti szekceio levezetd elndke Dr. La-
katos Janos, a délutanié pedig Dr. Banhidi
Olivér volt.

Elsoként a klimavaltozas vegyiparra gya-
korolt hatésair6l és azalkalmazkodasi lehetd-
ségekrol esett sz0. A Kazincbarcikdn megvalo-
sult projektek koziil kiemelkedik a Sajé ala-
csony vizallasamiatt elinditott szennyviz Gjra-
hasznositasi kisérlet.

A BorsodChem altal fejlesztett konténeres
prototipus sikeresen tisztitotta a szennyvizet,
ez a technologia gazdasagosabb megoldas

(OMKE)

Janos Lakatos (left) and Olivér Banhidi (right) at the event

Innovations and research in the chemical
industry show significant progress in terms of
sustainability and efficiency. On the occasion
of the 40™ anniversary, the latest projects and
developments were presented to the audience
as breakthroughs in the field of environmental
protection, energy efficiency and recycling.

The chairman of the morning session was
Dr. Janos Lakatos, and Dr. Oliver Banhidi was
the one in the afternoon.

First of all, the effects of climate change on
the chemical industry and the possibilities of
adaptation were discussed. Among the projects
implemented in Kazincbarcika, the waste water
recycling experiment launched due to the low
water level of the river Saj6 stands out.

The container prototype developed by Bor-
sodChem successfully purified wastewater,
this technology can be a more economical so-
lution than processing natural water
resources. Solutions have also been
found to reduce evaporation from
cooling towers: the use of groundwa-
ter as a cooling capacity is promising,
but its long-term biological effects
still need to be investigated.

In the spirit of sustainability, within
the framework of the Life project, a
project aimed at purifying 2,000,000
m’ of water per year was launched as
part of the Life project.

Solutions related to this include the
alternative utilization of waste water
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lehet, mint a természetes vizkészletek feldol-
gozdsa. A hitétornyok parolgasanak csok-
kentésére is sziilettek megoldasok: a talajviz
felhasznalasa hiitési kapacitasként ugyan igé-
retes, de hossza tava biologiai hatasait még
vizsgalni kell.

A fenntarthatdsag jegyében a Life projekt
keretében elinditottak évi 2.000.000 m’ viz
megtisztitdsat célzo programot. Az ehhez
kapcsolodd megoldasok kozott szerepel a
szennyvizmedencék alternativ hasznositasa,
példaul napelemparkok létesitése vagy puf-
fertaroloként valo hasznalatuk.

A hulladékok ujrahasznositasa szintén ki-
emelt téma volt. A litium-ion akkumulatorok
feldolgozasa sordn kinyerhetd litium, nikkel
¢s kobalt gazdasagi jelentdsége mellett ravila-
gitottak arra is, hogy Eur6paban még nincs
hidrometallurgiai Gjrahasznosité ilizem, mi-
kozben Kindban mar tobb ilyen miikodik. A
PET-palackok ujrafeldolgozésa terén is sziile-
tett elorelépés: a MOHU és a MOL egyiitt-
miikodésében vélogatés, tisztitds és szaritas
utan 0j palackokat készitenek, biztositva a
korforgasos gazdalkodas fenntarthatosagat.

Az analitikai fejlesztések terén a NIR
spektroszkopiaval eredtiink lathatatlan veszé-
lyek nyoméaba. A modszer bizonyitotta haté-
konysagat a foszgénmaradékok és mellékter-
mékek kimutatdsanak pontossagaval és gyor-
sasagaval. Tovabba a bifunkcios diizocianat-
bol képzodd polikarbodiimid gél vizsgalata
rotacids viszkoziméterrel cimii eldadast hall-
gathattuk meg.

A technoldgiai fejlesztések sem maradtak
el. Az 0j katalizatorok és a poliuretan hulla-
dékokbol késziilt nanokompozit habok 1;j fel-
hasznalasi teriileteket nyitnak meg. Emellett
bemutattak egy megoldast, amely a CO: ab-
szorpcidjahoz sziikséges MEA oldatot vizzel
helyettesitené, csokkentve a technoldgia kor-
nyezeti terhelését.

A PVC-gyartés soran hasznalt viz Ojrahasz-
nositasa is kiemelt figyelmet kapott. A Bor-
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basins, for example the establishment of so-
lar parks or their use as buffer storage.

Waste recycling was also a prominent to-
pic. In addition to the economic importance
of lithium, nickel and cobalt, which can be
extracted during the processing of lithium-
ion batteries, it was also highlighted that the-
re are no hydrometallurgical recycling plants
in Europe yet, while several such plants are
already operating in China. Progress has also
been made in the recycling of PET bottles:
in cooperation between MOHU and MOL,
new bottles are made after sorting, cleaning
and drying, ensuring the sustainability of
circular economy.

In the field of analytical developments, we
tracked down invisible dangers with NIR
spectroscopy. The method proved its effecti-
veness with the accuracy and speed of de-
tection of phosgene residues and by-
products. Furthermore, we could listen to the
presentation entitled "Investigation of the
polycarbodiimide gel formed from bifunctio-
nal diisocyanate with a rotary viscometer.”

Technological developments were not left
behind either. New catalysts and nanocom-
posite foams made from polyurethane waste
open up new areas of application. In additi-
on, they presented a solution that would
replace the MEA solution needed for CO:
absorption with water, reducing the environ-
mental impact of the technology.

The recycling of water used during PVC
production also received special attention.
BorsodChem has already started using an
ultrafiltration system, which allows water to
be used not only once, but several times in
production processes.

At the closing presentation of the event,
the participants could hear about a topic that
caused considerable confusion. Removal of
aluminum from brine. New technologies for
aluminum extraction at alkaline pH, the effi-
ciency of which has been improved by opti-
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sodChem mar megkezdte egy ultrasziird
rendszer alkalmazasat, amely lehetové teszi,
hogy a viz ne csak egyszer, hanem tobbszor
is felhasznalasra kertiljon a gyartasi folyama-
tokban.

A rendezvény zard eldadasan egy jelentds
fejtorést okozd témarol hallhattak a résztve-
v6k. Aluminium eltavolitisa a sooldatbol. Uj
technoldgiadk a lugos pH-n térténd aluminium
-kivonasra, melyek hatékonysagat hdmérsék-
let és ioncseréld gyantdk optimalizalasaval
javitottak.

A rendezvényt Dr. Szabd Janos, MKE iigy-
vezetd igazgatd zarta.

SpectrOpus

mizing temperature and ion exchange resins.
The event was closed by Dr. Janos Szabo,
the Managing Director of MKE.

frta Benke Maté, Hegediis Marica/
Written by Maté Benke, Marica Hegediis

Krausz Ferenc el6adasa a Tudomanyos Exp6n/
Ferenc Krausz's presentation at the Science Expo

2024. november 23-an a Szépmiivészeti
Muzeumban tartott eldadast népszeri Nobel-
dijasunk, Dr Krausz Ferenc ,,Basic research
addressing greatest challenges in our time”
cimmel.

A Professzor Ur a vilagon kialakult oriasi
tarsadalmi egyenl6tlenségek leirasaval, a két-
részre szakadt emberiség kozotti €letvitelbéli
¢s egészségligyi szakadék 1étezését adatokkal
érzékeltette. Ez azt is je-
lenti, hogy hidba elérhetd
egyre tobbféle és hataso-
sabb gyogymod pl a kii-
l6nféle rakos megbetege-
dések kezelésére, nem
egyforma a diagnozis lehetdsége és a kezelés-
hez vald hozzajutds. A haldlozasok 75%-at
rak, cukorbetegség, sziv- és érrendszeri meg-
betegedés vagy kronikus 1égzdszervi beteg-
ség okozza.

Krausz professzor kijelentette, hogy olyan
medicinara van sziikség, amely ezen betegsé-
gek kialakuldsat a legkorabbi stadiumban fel-
ismeri, ami altal a gyogyitas sikeressége
nagymértékben megndhetne. Felmeriil a kér-

On November 23, 2024, our popular No-
bel laureate, Dr. Ferenc Krausz, gave a lec-
ture at the Museum of Fine Arts entitled
“Basic research addressing greatest challen-
ges in our time”.

The Professor, by describing the enor-
mous social inequalities that have developed
in the world, the existence of a gap in lifes-
tyle and health between humanity divided
into two parts were de-
monstrated by data. This
also means that even tho-
ugh more diverse and ef-
fective methods are avai-
lable, for example for the
treatment of various cancers, the possibility
of diagnosis and access to treatment is not
the same. 75% of deaths are caused by can-
cer, diabetes, cardiovascular disease or chro-
nic respiratory disorders.

Professor Krausz stated that there is a ne-
ed for medical practice that can recognize
the development of these diseases at the
earliest stage, which could greatly increase
the success of treatment. The question arises,
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dés, hogyan tudunk koltséghatékonyan hozza-
férni olyan egészségiligyi adatokhoz, amelyek
elég atfogdak ahhoz, hogy erre a célra felhasz-
nalhatok legyenek?

Osztrak-magyar-olasz egylittmiikodésben
sikeriilt Bécsben attoszekundumos (10™* )
¢lettartamu, l1ézer fényimpulzust eldallitani, az
ilyen rovid 1ézerfény-villanasok lehetové teszik
az elektronok mozgasaban torténd valtozasok
érzékelését, valamint az atomok és molekulak
viselkedését €s reakcioit meghatdrozd allapot-
valtozasok iddbeni tanulmanyozasat. Az at-
toszekundomos 700-750 nm-es hulldmhosszu
fényimpulzussal torténd besugarzast kovetden
egy, az adott molekulara jellemz6 ujjlenyomat-
gorbe detektalhato.

Krausz Ferenc 2023-ban Pierre Agostini €és
Anne L’Huillier kutatokkal megosztva fizikai
Nobel-dijat kapott ,,olyan kisérleti modszerek
kifejlesztéséért, amelyek attoszekundumos
fényimpulzusokat generdlnak az anyag elekt-
rondinamikéjanak tanulmanyozasara”.

Egy kozelmultbeli kapcsolodd alkalmazas-
ban a bioldgiai mintakat ultrardvid 1ézerimpul-
zusokkal gerjesztik, és az elektromos valasz-
gorbét attoszekundumos pontossaggal rogzitik.
Az orvosbioldgiailag relevans mintak esetében
a valaszjelek rendkiviil osszetettek. Ennek elle-
nére igazolhat6 volt, hogy a valasz attoszekun-
dumos léptékii valtozasai osszefliggésbe hozha-
tok a kritikus betegségek korai szakaszaval.

A feltételezés logikus, ha arra gondolunk,
hogy az elvaltozasok kialakuldsa olyan beteg-
ségmarkerek megjelenésével jar, ami az at-
toszekundumos impulzus altal kivaltott valasz-
gbrbében (ujjlenyomat) valtozast okozhat.

A cél tehat az volt, hogy az egyes biomole-
kulak keresése helyett a gobalis molekulasris
kornyezetet  irjak  le, a  molekulak
"szivdobbanasainak" mérésével, ami nem mas,
mint a szervezet allapotanak molekularis ujjle-
nyomata. A probléma tipikusan "tii a szénaka-
zalban" jellegli.

A megkozelités paradigma valtast jelent, mi-
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how can we cost-effectively access health data
that are comprehensive enough to be used for
this purpose?

An Austrian-Hungarian-Italian collabora-
tion succeeded in Vienna in producing laser
light pulses lasting only attoseconds (107'® s).
Such short flashes of laser light make it possi-
ble to capture electrons in their motion and
study in time the state changes that determine
the behavior and reactions of atoms and mole-
cules. After irradiation with an attosecond
light pulse with a wavelength of 700-750 nm,
a fingerprint curve characteristic of the given
molecule can be detected.

In 2023, Ferenc Krausz received the Nobel
Prize in Physics together with the researchers
Pierre Agostini and Anne L’Huillier for the
development of “experimental methods that
generate attosecond pulses of light for the
study of electron dynamics in matter”

In a recent related application, biological
samples are excited with ultrashort laser puls-
es, and the electric response field is captured
with attosecond precision. For biomedically
relevant samples the response signals are ex-
tremely complex. Nevertheless, it could be
verified that attosecond-scale changes in the
response can be correlated with early stages of
critical diseases.

The assumption is logical if we consider
that during the development of the lesions is
associated with the appearance of disease
markers that can cause a change in the res-
ponse curve (fingerprint) induced by the at-
tosecond pulse.

The goal was therefore to describe the glo-
bal molecular environment instead of se-
arching for individual biomolecules, by
measuring the "heartbeats" of the molecules,
i.e. the molecular fingerprint of the state of the
organism. The problem is typically "needle in
a haystack".

The approach represents a paradigm shift,
since, if implemented, a quick and cheap scre-
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vel gyors és olcso szilirési modszert lehet segit-
ségével kifejleszteni, ami korai diagnozist tenne
lehetévé a tarsadalom széles rétegében.

Az elgondolast eldszor tiidorakos betegeken
tesztelték. 2015-t61 hét éven at gyljtottek minta-
kat. 470 tiidérakos alany és 470 életkor, nem ¢és
BMI szerint illesztett egészséges alany spektru-
mat hasonlitottdk Ossze, a tObbezer felvételbdl
(az illesztés maga 2-3 éves munka volt). Azt ta-
laltak, hogy az egyedi kiilonbozdségek ellenére,
a betegek spektrumgorbéi eltértek az egészsége-
sekétol.

A mintadk 80%-at szamitogépes algoritmus
tanitasara hasznalva, a fennmaradé 20%-on le-
het tesztelni, hogy az algoritmus mennyire jol
ismeri fel a betegség okozta elvaltozast a mért
gorbék alapjan. Késébbi vizsgalatoknal azt talal-
tak, hogy 1-es stddiumi betegeknél még nem
volt elfogadhato a helyes diagnozis aranya (kb.
60%), 2-es stadiumndl jobb, 3-as stddiumban
80% koriili. Ennek oka az egyéni eltérések
okozta biologiai zaj, amit nem lehet csokkente-
ni.

A modszer akkor valik korai diagnozis felalli-
tasara alkalmassa, ha referenciaként az egyén
sajat gorbéjét hasznaljuk. Elég évrol évre fel-
venni az egyének ujjlenyomatgdrbéjét és ezt
vizsgélni. Ilyen modon a varibilitds 2,3-3-szor
kissebb. Ilyen koriilmények kozt az 1-es stadiu-
mu betegek 90% folotti talalati arannyal diag-
nosztizalhatok az elvégzett szimulacio szerint.

SpectrOpus

ening technique could be developed, which
would enable early diagnosis and thus early
screening in society widely.

The concept was tested on advanced lung
cancer patients. From 2015, samples were
collected for 7 years. 470 subjects with lung
cancer and 470 age-, sex and BMI-matched
healthy subjects were selected for analysis
from the thousands of recordings (the
matching itself took 2-3 years of work).
They found that despite individual differen-
ces, the recorded infrared spctral traces of
cancer patients differed from those of
healthy individuals.

Using 80% of samples to train a computer
algorithm, the remaining 20% can be used to
test how well the algorithm recognizes the
change caused by the disease based on the
measured curves. In later studies, it was
found that the rate of correct diagnosis was
not yet acceptable for patients with stage 1
(about 60%), better for stage 2, and around
80% for stage 3. The reason for this is the
biological noise caused by individual diffe-
rences, which cannot be reduced.

The method becomes suitable for estab-
lishing an early diagnosis when the individu-
al's own curve is used as a reference. It is
enough to record the fingerprint curve of in-
dividuals year after year and examine it. In
this way, variability is 2.3-3 times smaller.

Scientific mission of Center for Molecular Fringerprinting;:

Research at CMF is driven by a vision: probing human health by capturing minis-
cule changes in the molecular composition of blood plasma with cutting-edge ult-
rashort-pulsed laser technology. Infrared molecular fingerprinting is to be estab-
lished as a cornerstone of next-generation molecular diagnostics, paving the way

towards future population health monitoring.

Ezen eredmények birtokdban ¢letre hivtak a
"Together for Health" kezdeményezést, aminek
keretében nyolc féle raktipus €és a korabban em-
litett kritikus betegségek estében is vizsgaltak a

Under these conditions, stage 1 patients can
be diagnosed with a success rate of over
90%, according to the performed simulation.

In possession of these results, the
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modszer korai diagnozisra valo alkalmassa-
gat. A kutatas folytatasara megalakult a Cen-
ter for Molecular Fingerprinting intézmény
Budapesten. Tobb mint 2000 6 vett részt a
vizsgéalatban eddig, akik legalabb négyszer
adtak vért. Folytatjdk a mintdk gyiijtését. A
tapasztalat szerint becsiilhetd, hogy 10 év
alatt kardovaszkularis esemény 1554 esetben,
826 cukorbeteg, 587 COPD ¢és 165 rakos
megbetegedés fordulhat el a vizsgalt egész-
ségesekben. A vizsgalatokrol a ,,Hungary for
Health — Health for Hungary” honlapjan tjé-
kozddhatnak az érdekléddk.

A kutatasban jelentds szerepe van a miin-
cheni Ludwig-Maximillians-Universitit
(LMU) keretein beliil miikodd Centre for Ad-
vanced Laser Application-nak ¢és a Max
Planck Institute of Quantum Optics-nak. A
jobdben sulypontilag Budapestre kivanjak
helyezni a kutatdsokat, a lagymanyosi kam-
puszon terveznek intézetet épiteni a Moleku-
laris-Ujjlenyomat Kutaté Kozpont (CMF)
mikddéséhez.

Erdeklédéssel figyeljik a tovabbiakban

szililetd eredményeket!
frta Ziegler Ildiko/
Written by Ildiké Ziegler
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"Together for Health" initiative was la-
unched, within the framework of which the
suitability of the method for early diagnosis
of eight types of cancer and the previously
mentioned critical diseases was investigated.
The Center for Molecular Fingerprinting was
established in Budapest to continue the rese-
arch. More than 2,000 people have participated
in the study so far, who donated blood at least
four times. They continue to collect samples.
According to experience, it can be estimated
that in 10 years, cardiovascular events may
occur in 1554 cases, 826 diabetes patients, 587
COPD and 165 cancer cases in the examined
healthy people. Those interested can find out
about the tests on the website of "Hungary for
Health - Health for Hungary".

The Ludwig-Maximillians-Universitit
(LMU) Centre for Advanced Laser Applicati-
ons in Munich and the Max Planck Institute of
Quantum Optics play a significant role in the
research. In the future, they want to focus their
research on Budapest, and it is planned to
build an institute for the operation of the Cen-
ter for Molecular Fingerprinting on the Lagy-
manyos campus.

We look forward to the future results!

Reviewed by, and with the permission of
CMF

We heard at the , Thousand faces of drug molecules” scientific meeting

El6z6 hirleveliinkben kozzétettiik, hogy
2024. oktober 04-én tudomanyos iilést tartott
a spektrokémikusok kozossége az MTA
Konyvtaraban. Koszonjiik eléadoink érdekes
¢s szinvonalas prezentacioit!

Az iilésen elhangzott eldadasokbol késziilt
Osszefoglalokat tessziik kozz¢ olvasdinknak.

JO szoérakozast kivanunk!

A Szerkesztok

In our previous newsletter, we announced
that on October 4, 2024, the community of
spectrochemists held a scientific meeting in
the Library of the Hungarian Academy of
Sciences. We thank for the interesting and
high-quality presentations of our speakers!

We are publishing summaries of the
presentations given at the meeting for our
readers.

We hope you enjoy!

The Editors
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Challenges of the structure elucidation in the generic drug development

by Andrds Dancsd, Zsdfia Garddi, Péter K6vdgo
Egis Pharmaceuticals PLC

Our laboratory is part of the research directorate of the company, it is
called Drug Substance Analytical Development Laboratory 2. We
manage FT-IR, NMR, SC-XRD and Raman microscopy.

The generic drug development faces us with special needs. The ge-
neric development usually starts after the first patent appears about a
new active compound. Parallel with the chemical development the
spectroscopy has its usual tasks: to prove the structure of the interme-
diates, to elucidate the structure of the contaminants. All this work
helps to understand the behavior of the reactions in the synthesis. We
presented some examples: FT-IR of deuterated compounds, ''B-
NMR. of reagents in Suzuki coupling, "’F-"*C HMQC of fluorinated
compounds.

Single-crystal XRD has its role in generic drug substance develop-
ment. There are some cases when NMR in itself is not enough to
completely prove the structure, for example the molecule has multiple
and disjunct stereocenters or too many heteroatoms, absolute configu-
ration can be determined with SC-XRD. For molecular complexes SC
-XRD is the method of choice. Some methods were illustrated for

. . Andras Dancs6 presenting
growing single crystals. at the meeting

Detection of pharmaceutical residues in environmental samples,
methods for environmental risk assessment, and the legal framework
for protecting surface water quality

by Zita Zrinyi, Ph.D.

So6s Ernd Research and Development Center, University of Pannonia

Summary

The presentation delivered at the MKE Spectrochemistry Society meeting provided a comprehen-
sive overview of detecting pharmaceutical residues from environmental samples, their ecological
and health risks, as well as the necessary regulatory and removal technology approaches. The re-
gulation of water pollutants requires a combined approach that is based both on controlling pol-
lution at the source (by setting emission limit values) and on establishing environmental quality
standards. The European Union does not have an autonomous water policy; water policy is part of
environmental policy. In Hungary, the main regulations currently in force regarding surface wa-
ters are as follows: Directive 2000/60/EC (establishing a framework for Community action in the
field of water policy, WFD) and its daughter directives (EQS and DWD), which together form the

foundation of the Community water policy. This is complemented on the regulatory side by Di-
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rective 91/271/EEC on the treatment of urban wastewater, which was revised in September 2023,
with its enactment in progress. The basis for environmental quality standards also stems from the
WEFD, referencing Directive 2008/105/EC on environmental quality standards in the field of water
policy (EQSD) and its amendment; the EU’s priority pollutant monitoring list (Directive 2013/39/
EU) and related watch lists (EU Watch Lists 1-4: 2015/495; 2018/840; 2020/1161; 2023/1307,
with changes expected in 2025). On these watch lists, the gold standard detection methods for
pharmaceutical residues are LCMS or GCMS techniques. Hungary fulfilled its obligations for mic-
ropollutant monitoring in 2023 and 2024 through the Sods Ernd Research and Development Cen-
ter for surface water monitoring, commissioned by the General Directorate for Water Manage-
ment. The Center also have finished and ongoing surface water monitoring projects regarding mic-
ropollutants. The sample preparation process was dominated by water filtration, solid-phase ext-
raction (SPE), concentration, and advanced instrumental analysis (UPLC-MS/MS). Advanced inst-
rumental techniques, such as the use of triple quadrupole mass spectrometers, provide outstanding

sensitivity for detecting micropollutants.

State surveys have revealed that certain compounds, such as ibuprofen, diclofenac, carbamazepine,

and lidocaine, are particularly present in areas affected by human activities (e.g., effluents from

wastewater treatment plants, festival venues, and areas near thermal baths). The micropollutant

removal efficiency of wastewater treatment plants shows significant variability, which influences

the pollution levels of surface waters receiving treated wastewater.

These are typically smaller streams, which have lower resistance to pollution and whose water qu-
ality deteriorates rapidly. The role

of small streams in maintaining

100 4 R o . . .

. ecology and biodiversity is sig-
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o, . .
> as they are often the primary habi-
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Cumulative Detection Frequency values in the three different types
of watercourses (Zrinyi et al, 2025. | Haz Mat Advances, DOI: 100572)
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Figure 2. Norman General Assembly Meeting (2025), Rome, Italy. (Bottom row, |3-14th from left: Gabor
Maasz, Zita Zrinyi)

The environmental risk of pharmaceutical residues is classically assessed using the Risk Quotient
(RQ) method, which is based on the ratio of the measured environmental concentration (MEC) to
the predicted no-effect concentration (PNEC). Due to the limitations of this method and the mixtu-
re of substances present in the environment, multi-level risk assessment is gaining increasing im-
portance. Furthermore, probabilistic risk assessment (PRA) and Weight of Evidence (WOoE)

approaches also play a key role in determining ecosystem safety.

Future Objectives

In addition to fulfilling state measurement obligations, the Soo6s Ernd
Research and Development Center considers its future tasks to include
contributing to the Joint Danube Survey 2025 program by measuring
pharmaceutical substances in wide range, as well as collecting and
uploading available environmental monitoring data into a data repo-
sitory. This is facilitated by joining the Norman Association (Figure
2), as the high-quality data appearing in the Substance Database ma-
naged by the Association (https://www.norman-network.com/nds/
susdat) are forwarded to [PChem, which is also relied upon by the Eu-

ropean Union’s regulatory framework.

Figure 3. Zita Zrinyi at the
scietific meeting
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Eco-pharmacovigilance - Environmental Aspects of Safe Pharmaceutical
Use and Intervention Possibilities
by Gdabor Madsz, Ph.D.

So6s Ernd Research and Development Center, University of Pannonia

The presentation explores the concept of eco-pharmacovigilance,
focusing on the environmental impact of pharmaceuticals and
possible intervention strategies. Advances in medicine and phar-
maceutical sciences have improved quality of life and extended
life expectancy, but they have also introduced significant environ-
mental challenges. Pharmaceutical active ingredients, despite

wastewater treatment, often persist in natural waters, posing risks

to ecosystems and indirectly to human health.

Eco-pharmacovigilance aims to monitor the entire lifecycle of ‘ Pl
pharmaceuticals and minimize their environmental impact. Its ac- g
tivities include risk assessment, understanding mechanisms of ac-
tion, and developing preventive measures. The presentation emp-  Gapor Massz presenting

hasizes the importance of targeted eco-pharmacovigilance, focus-

ing on the most hazardous substances, and highlights the need for a multidisciplinary approach.
Achieving sustainability requires several measures, such as proper collection of pharmaceutical

@ waste, developing and implemen-

ting advanced wastewater tre-
atment technologies, and introdu-
. cing greener pharmaceutical ma-
nufacturing processes. The
presentation provides a detailed

overview of wastewater treatment
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technologies, including adsorption, filtration, and oxidation methods, and evaluates their effecti-
veness.

Studies conducted on the Mura River revealed that wastewater treatment plants play a significant
role in spreading pharmaceutical residues. The findings indicate that the ecological state of lower-
order watercourses is crucial, as they serve as primary habitats for biodiversity and are most affec-
ted by treated wastewater.

The presentation concludes that achieving sustainable development necessitates close collaborati-

on between various sectors, including the pharmaceutical.

Acknowledgement: The research was supported by the National Research, Development,
and Innovation Office (NKFIH), Hungary (project identification numbers: 2020-1.1.2-PIACI-KFI
-2021-00309) and the National Multidisciplinary Laboratory for Climate Change (project identi-
fication number: RRF-2.3.1-21-2022-00014).

Applications of Circular Dichroism Spectroscopy from small molecules
to biological macromolecules.
by Péter Horvdth, Ph.D.

Faculty of Pharmacy, Semmelweis University

1. Chiroptical methods in a nutshell

Chiroptical spectroscopy is the umbrella term for spectroscopic techniques for the study of chiral
molecules. Chiroptical methods include:

ORD spectroscopy - measurement of the optical rotation as a function of wavelength.

The practical application is rather limited, mostly restricted to the measurement of specific rota-
tion. Specific rotation is a measure used to characterise chiral molecules and is an identification
and purity parameter in pharmacopoeias. The specific rotation (1) is defined as the value meas-

ured on the NaD line at 20 °C, calculated by the following relationship,

a , 1000xa
[e)20 =—7—
£ Xl (1)

where a is the measured rotation, ’¢’ is the concentration (g/

positive normal (plain) ORD

L), and ’I’ is the pathlength given in dm.

It has the advantage that practically every chiral molecule has

-V

optical rotation and can be measured with a relatively cheap

i | (plai . . Co e - .
noepg\athe normal (plain) instrument. Its disadvantage is its insensitivity, which results

in the need for relatively high concentrations and long path-

length. Its sensitivity increases with decreasing wavelength. In

Figure 1. Normal ORD curves the absence of chromophores, a monotonic decreasing curve




V1. évfolyam, 4. szam Oldal 19

is obtained from lower wavelengths to higher wavelengths (Figure 1). If the molecule has a chro-
mophore group absorbing in the normal analytical range (A>200 nm), the Cotton effect appears
and the curve changes sign (Figure 2).

ECD spectroscopy - absorption-based method, analogue of UV-Vis spectroscopy. The main dif-
ference is that for chiral- or chirally perturbed chromophores, the difference in absorption between
a right circularly polarized light wave (RCPL) and a left circularly polarized light wave (LCPL) is
measured. In a chiral medium, the absorption (and refractive index!) of the two components will
be different and the difference between the two components can be recorded as a function of
wavelength. The main difference in the construction of the instrument from a UV spectrophotome-
ter is that a polarizer produces a linearly polarized beam of light from a monochromatic beam,
which is then split by a high-frequency modulator into right- and left-circularly polarized compo-
nents. The sensitivity of the method depends on the rotatory strength but is broadly comparable to
UV. A more significant technical difference is in the parameterisation of the spectral acquisition,
due to the need to allow sufficient time for the detector to measure the difference between the two
circularly polarised beams. The speed of the spectral acquisition and the acquisition time must be
harmonised. The instrument manufacturers provide recommendations on the combinations of the
two parameters to be used. The signal-to-noise ratio of spectra can be further improved by spec-
trum accumulation (3-5x).

The correlation of ORD, ECD and UV spectra is illustrated in Figure 2. The ammonium d-
camphorsulfonate is a very suitable molecule to illustrate this relationship, since the chromophore
of the chirally perturbed carbonyl contains a single well-defined absorption band above 230 nm.
The absorption band and the CD spectrum of the carbonyl chromophore appear in the same wave-

length range and their maxima and the change of sign of the ORD curve coincide. The ORD curve

then shows the normal monotonic decreasing spec-

trum.

Other types of chiroptical methods are described
below, but I will not go into detail about them here.

VCD spectroscopy - analogue of IR

MCD spectroscopy - magnetic field induced opti-

cal activity of molecules 220 250 300 350

Wavelength [nm]

Figure 2. Correlations between ORD-, CD- and
UV-spectra

LD spectroscopy - interaction of linearly polarised
light with anisotropic samples.
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2. Applications of CD spectroscopy

2.1 Small molecules H Id
2.1.1 Absolute configuration determination 0
The determination of the absolute configuration can be solved by X-ray dif- Cl

fraction for well crystallizing materials, but ECD spectroscopy is the most
suitable spectroscopy for solution phase. Quantum chemical methods can be Figure 3. Structure of
used to generate a theoretical spectrum, which can be compared with the Ketamine

measured spectrum to determine the configuration of the molecule.

Less computationally demanding, but with much more limited possibilities for empirical methods,
of which the octant rule is perhaps the best known. It could be used for chiral cyclohexanones
such as ketosteroids. The problematic part of solution phase studies can be the conformational
freedom of the molecule. A good example is ketamine ((2-(2-(2-chlorophenyl)-2-(methylamino)-
cyclohexanone) (Figure 3). In the case of ketamine, the conformation of the cyclohexanone ring is
pH dependent, which results in a change in the sign and maximum position of the carbonyl n-n*
band. In acidic medium, the S isomer gives a positive band with a maximum near 280 nm, where-
as in alkaline medium it gives a negative band with a maximum at 315 nm. Further details are giv-
en in the following publication [1].

The third option is identification by structural analogy. Pantoprazole (Figure 4.) is a proton pump
inhibitor and is marketed in racemic form. However, when separating the enantiomers, UV detec-
tion does not provide information on the elution sequence and obtaining a pure enantiomer would
have been too costly. Thus, a comparison with the CD spectrum of the structural analogue pure S-
isomer esomeprazole provided an opportunity to determine the elution sequence.

The CD spectrum of esomeprazole shows a negative band at 273 nm and a positive band at 228
nm. When pantoprazole was separated on a chiral column by CD/UV parallel detection, an on-
line CD spectrum was recorded from the emerging peaks between 240-320 nm The spectrum
from the first peak appearing analogous to esomeprazole and could be assigned as an S-isomer.
At discrete wavelengths (228 and 273 nm), peaks with a sign corresponding to the CD signal of

esomeprazole were also detected [2].

H H
N /0 /@:N% /P
/ N
NOrSE LI L@Q

o —0 o—

Figure 4. Structures of esomeprazole (left) and a pantoprazole (right).

The fact that the central chirality comes from the sulphur atom makes these structures particularly interesting.
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2.1.2 Determination of enantiomeric purity

In a mixture of enantiomers, the enantiomeric ratio can be easily determined from the ratio of the
dual, parallel measured CD and UV signals. The CD instruments measure the total absorbance of
the sample in addition to the LCPL-RCPL component difference. As a result, both ellipticity and
absorbance can be measured simultaneously in the same sample (layer thickness, concentration).
The ratio of the two signals is the dissymmetry factor (g=Ae/e) whose absolute value is the same
for the two enantiomers, only their sign differs, and can be seen from equation 2 to be a concen-

tration independent constant quantity. If we accept the fact that the two enantiomers have a dis-

symmetry factor of opposite sign, it is sufficient to have a standard of one of the enantiomers.

g O1xexl o @) | O
¥ e xl A _N 0]

where G is the ratio of the measured ellipticity (6) and absorbance O

(A), ‘¢’ is the concentration and ‘1’ is the pathlength.

More information on the basics, advantages and limitations of the Figure 5. Structure of
method can be found in the following publication [3]. Two examples Dapoxetine
illustrate its practical applicability.

A herbal potency enhancer advertised on the internet contained a medicinal substance that was not
listed in the ingredients and was therefore illegal to market. The active ingredient was dapoxetine
(Figure 5). From the CD and UV spectra of the active ingredient extracted from the illicit formula-
tion and the standard S-dapoxetine (Figure 6), it was clear that higher absorbance in the illegal for-

mulation was associated with a lower CD sig-

nal, while the standard was associated with a
higher CD signal at lower concentration.
Comparison of the G-value determined in the

CD [mdeg]
- standard with the illegal sample resulted in an

enantiomeric ratio of 75:25, which was con-

firmed by chiral HPLC measurement.

In the other real-life case, we were contacted
by the Institute of Forensic Science with a
sample that had been seized. The mass spec-

trometry analysis identified methorphan, but

they could not determine whether it was levo-

g :
240 250 300 350 methorphan, a drug classified as a narcotic, or
Wavelength [nm)

. . dextromethorphan, an over-the-counter cough
Figure 6. CD and UV spectra of standard S-dapoxetine

(red) and extracted, illicitly used dapoxetine (black). suppressant. After comparison the G-value of
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unknown with a G-value of standard substance, the test identified pure dextromethorphan, so the
offender could only be convicted of a misdemeanour.

2.1.3 The Induced Circular Dichroism spectroscopy and its application

The most typical case of ICD spectroscopy is when there is a chiral, but in the absence of a chro-
mophore CD-inactive molecule that interacts with an achiral (possibly racemic) but well-
absorbing molecule. In this case, the interaction results in the absorption transition of the chromo-
phore a chiral perturbation, and ultimately the appearance of the ICD signal. Typically, such phe-
nomena are observed during the inclusion formation with cyclodextrins. If the guest molecule is
titrated with increasing amounts of CD inactive cyclodextrin, the ICD signal changes until all
guest molecules are complexed. Accordingly, a saturation curve is obtained. Since the measured
signal is derived from the complex alone, the stability constant of the complex can be calculated
from the analytical concentrations and the measured ICD signal. The ICD signal is also clear evi-
dence for the formation of the complex [4a-4c]. Further information on the structure of the cy-
clodextrin complex can be obtained from the spectrum based on the Kodaka-Harata rules (see ref-
erences [4a-4c]).

The ICD spectra can also be used for chiral macromolecules (DNA, proteins), for example to
study the binding of drugs [5].

3. CD spectroscopy of biological macromolecules

Among the applications of CD spectroscopy, the study of proteins/peptides is perhaps the most
common. As a structure elucidation method, it is suitable for the quantitative estimation of sec-
ondary structural elements (helices, folded layers, B turns and disordered structures) and for moni-
toring protein dynamics, kinetics and association processes. There are several software tools for
secondary structure estimation, such as BeStSel [6] (Beta Structure Selection method), a free
online software (https://bestsel.elte.hu).

As for proteins, it is possible to estimate the structure of DNA and RNA from CD spectra. The
helical arrangement of DNA is well known, but unconventional special elements such as duplex-
es, triplexes, quadruplexes can appear in the sequence. And not only DNA, but also RNA can
have these structures [7]. Similar to BeStSel, there is an on-line structure estimation software for
polynucleotides, CD-NuSS (Circular Dichroism to Nucleic acids Secondary Structure, https://
project.iith.ac.in/cdnuss/ ).

References

[1] Gergely A., Zsila F., Horvath P., Szasz G.: Determination of absolute configuration of ketamine enan-
tiomers by HPLC-CD-UYV technique Chirality 11 (10) 1999
https://doi.org/10.1002/(SIC)1520-636X(1999)11:10<741::AID-CHIR1>3.0.CO;2-2

[2] L. A. Papp, M. Foroughbakhshfasaei, B. Fiser, P. Horvath, E. Kiss, K. Sekkoum, A. Gyéresi, G. Han-
cu, B. Noszal, Z.1. Szabd, G. Toth Reversed-phase HPLC enantioseparation of pantoprazole using a
teicoplanin aglycone stationary phase—Determination of the enantiomer elution order using HPLC-CD
analyses Chirality 32(2) 2020



https://doi.org/10.1002/(SICI)1520-636X(1999)11:10%3c741::AID-CHIR1%3e3.0.CO;2-2

V1. évfolyam, 4. szam

https://doi.org/10.1002/chir.23146

[3] Horvath P., Gergely A., Noszal B.: Determination of enantiomeric purity by
simultaneous dual circular dichroism and ultraviolet spectroscopy Talanta 44 (8)
1997

https://doi.org/10.1016/S0039-9140(97)00058-1

[4a] Kiss E., Szab6 V.A. Horvath P. Simple circular dichroism method for selection
of the optimal cyclodextrin for drug complexation J Incl Phenom Macrocycl Chem
95 (2019) https://doi.org/10.1007/s10847-019-00938-2

[4b] Kraszni M., Agh F., Horvath D., Mirzahosseini A., Horvath P. Effect of
Substitution Degree and Homogeneity on Cyclodextrin-Ligand Complex Stability:
Comparison of Fenbufen and Fenoprofen Using CD and NMR Spectroscopy Int. J.
Mol. Sci. 24 (8) 2023

https://doi.org/10.3390/ijms24087544

[4c] Kraszni M., Balogh B., Mandity ., Horvath P. Advantages of Induced Circular
Dichroism Spectroscopy for Qualitative and Quantitative Analysis of Solution-
Phase Cyclodextrin Host-Guest Complexes Int. J. Mol. Sci. 25 (1) 2024
https://doi.org/10.3390/ijms25010412

[5] Kiss E., Mirzahosseini A., Hubert A., Ambrus A., Orfi L., Horvath P.

DNA binding of sunitinib: Spectroscopic evidence via Circular Dichroism and Nu-
clear Magnetic Rresonance J. Pharm. Biomed. Anal. 150 (2018)
https://doi.org/10.1016/j.jpba.2017.12.004

[6] Andras Micsonai, Eva Moussong, Frank Wien, Eszter Boros, Henrietta Vadaszi,
Nikoletta Murvai, Young-Ho Lee, Taméas Molnar, Matthieu Réfrégiers, Yuji Goto,
Agnes Tantos, Jozsef Kardos, BeStSel: webserver for secondary structure and fold
prediction for protein CD spectroscopy, Nucleic Acids Research, Volume 50, Issue
W1, 5 July 2022, Pages W90-W98, https://doi.org/10.1093/nar/gkac345

[7] Cervenak, M.; Molnar, O.R.; Horvath, P.; Smeller, L. Stabilization of G-
Quadruplex Structures of the SARS-CoV-2 Genome by TMPyP4, BRACO19, and

A teljes adatvédelmi
nyilatkozatunk
megtalalhato a
honlapunkon.

Impresszum

SpectrOpus, VI. évfolyam 4. szam., 2024. december 31.

A SpectrOpus az MKE Spektrokémiai Tarsasag hirlevele. Megjelenik
negyedévente.

Felel6s kiadé6: Ziegler lldiké
Felel6s szerkeszt6: Baranyai Edina

S —rr—m—— Terjeszti az MKE titkarsaga, feliratkozni az alabbi e-mail cimen lehet.



https://doi.org/10.1002/chir.23146
https://doi.org/10.1016/S0039-9140(97)00058-1
https://doi.org/10.1007/s10847-019-00938-2
https://doi.org/10.3390/ijms24087544
https://doi.org/10.3390/ijms25010412
https://doi.org/10.1016/j.jpba.2017.12.004
https://doi.org/10.1093/nar/gkac345

