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N‘Jﬁ Heyrovsky Institute
Full Time Equivalents (FTE)

PhD. or CSc. employees: 10.1 FTE (Senior scientists: 6 FTE)

Team Members - 2021 spectroscopy ||l

Team members

Master-level employees: 6.8 FTE (Students: 4.8 FTE)

Undergraduate: 2 FTE (Students)

Head and vice-head Experienced and Senior Scientists

Dr. Ferus and Prof. Civis Dr. Kubelik, Prof. Zelinger, Dr. Kubat, Dr. Heays
Junior Scientists R&D Technical Researchers

Dr. Saeidfirouzeh, Ing. Lenza, Ing. Tkachenko, Ing. Ivanek, CSc., Ing.

Dr. Chilukoti, Dr. Suchanek Engst, CSc.

Age category [k 25 |25-30 (30-35 (35-40 IdO-dS

45-50 |50-55 [55-60 |60-65

Students

Number of

PhD.: Mgr. Knizek, Ing. Kfivkova, Ing. Pastorek; Ing. Dostal,

members 1 3 6 2 ! 0 0 4] Mgr.: Be. Kaiserova, Be.: Laitl, High School: Bechynsky, Kfizova
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@ Heyrovsky Institute Spectroscopy JVWV\/
Focus of the team: mission and areas of interest

Mission: To understand interstellar and planetary chemistry, to explore new
transitions of atoms, molecules, ions and radicals, to discover novel detection
technigues and new materials. |

The main areas of scientific interest during the period 201 5—20),19
1. High-energy chemistry and physics a A |
Early prebiotic chemistry “ :

Spectra and physics of atomic Rydberg states

Photophysics of novel materials

MR L
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Environmental chemistry and detection




e Focus of the team:
key methods and instruments

The key experimental methods and instruments used by the team are:

 High resolution FT Spectroscopy 650 to 35 000 cm™ with resolution 103 cm
(Bruker IFS 125, Bruker IFS 120, Bruker Vertex 80)
« High resolution echelle OES 200 — 780 nm (Echelle Butterfly with Andor ICCD)
« Gas chromatography / mass spectrometry (Thermo Scientific Trace 1310-ITQ 1100)
 Laser kinetic spectrometry in 280 - 900 nm and 1270 nm
(Applied Photophyscis LKS 20)

 Laser spectrometry 9.6 - 1.5 pm (Laser Analytics LS-3 and FC/APC spectrometers, IR diode
and quantum cascade lasers).

« Photoacoustic spectrometer (Gasera with PA201 PA Detector)

 Lasers 193, 308, 355, 360-790, 532 and 1064 nm (Compex 102 XeCl, Lambda Physics FL
3002 dye laser, 2 x Nd:YAG Laser Quantel, Lambda Physics and Excistar ArF lasers)

« CO,laser9 - 11 pum
« Meteor observation cameras and sudden ionospheric disturbance monitors on cooperating

vvvvv

Vary, CZ).
« Access to high power laser Prague Asterix Laser System (PALS, 1000 J, 1315 nm).
« Joined research and plasma diagnostics on (PALS)
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1. High-energy chemistry and physics W

We are users of large laser infrastructures (PALS, HiLASE). The data are supported by our own table top laboratory experiments.
We proceed with a modelling of planetary atmosphere chemistry. TC-LIBS supports estimation of meteoroid elemental meteoroids.

\ -
—— Terawatt-class|laser™ 'Meteonte ablationfand meteor%spectra

PALS Infrastructure — Prague—— ‘;:,Observatory Val

I HNCC-based synthesis of formamide in] A0 ZoN foe e g R Mam spectral features of meteors studied using
of HCN-rich Atmospheres on early Earth AT o ‘planetary atmospheres : i ' Y A 'ﬂ ﬂ a terawatt-class high-power laser

SciRep 7, 6275 (2017) e Astronomy& Astrophysics 616, A150 (2018) s 2000.00 o P ) Astronomy & Astrophysics 630, A127 (2019)
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2. Early prebiotic chemistry e

Subsequent complex laboratory studies show that origin of prebiotic substances during seconds in impact plasma is followed by
chemistry taking place in impact crater for hudreds thousand of years.

Prebiotic synthesis initiated in formaldehyde by " Formation of nucleobases in a MiIIer ;Urey . . High-energy chemistry of formamide: A
- laser plasma simulating high- velocrty |mpacts e reducmg atmosphere — ' - * unified mechanism of nucleobase
— Astronomy & Astrophysics 626, A52 (2019) T — 29 = formation 3
B o ’"; " _<WF PNAS 112 (3), 657-662 (2015) >
- = o w ' e — -‘., ;
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_Post - impact chemlstry .,—dx""

7y —‘ -
Prebiotic synthesis at impact craters the aul ‘B N " formaldehyde in extraterrestrial impacts on the
role of Fe: cIays and iron meteorites B a ~~ = early Earth

- . <A S
Chem. Comm. 114 (17), 430€-4311 (2017)- " ‘ BN Scientific Reports Article number : 23199 (2016)
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Direct Impact Chemistry

Highlight of...

2. Early prebiotic chemistry
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All building blocks
of life in one pot?
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3. Spectra and physics of atomic Rydberg states

2.0f
Ol (4p" P-4d" D) Ol (4s® 5—4p" P) Ol (45" 5—4p* P)
1.5 , Pf13 Pfl2 | Pf1l; |
PN | |
: { il | } |PCyg
: . ‘ : 4 Cen
0.5 : ‘ u .
0ot ~ : i
2.7 2.8 2.9 3.0 L a7
. : ~ ab 4
I ] ] o"
1.5' L 1 1 at
: : : | spec. Ory
, . ' 1 (this work,
1.0t ; : ' i 1
0.5} : ' : ) ) : §
l | FTIR Laboratory Measurement of O | Spectra in
0.0 j , \ I e 0.77-12.5 mu m Spectral Range: Rydberg
2.7 2.8 2.9 3.0 3.1 h States and Oscillator Strengths
A (pm) Astrophy5|cal Journal Supplement Serles 12, 239,

~ 2

AN 11 (2018)



“V\“‘Fﬁh\uqronky Institute S pedrosco py J\WI\'

Highlight of...
3. Spectra and physics of atomic Rydberg states
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4. Photophysics of novel materials
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Photooxidation

= 3. Immersion to THF

4. Addition of H,0 TP P-NPs Singlet oxygen sensitized

5. THF evaporation o ® O delayed fluorescence

6. Centrifugation O D o B®

7. Dialysis © °? @ S

> - ) TMPyP
[ SO, -
o . > [ i ©
1. Electrospinning 2. Sulfonation S )
- © 8. Adsorption o -j
A fast, simple top-down process for fabrication O © © Oxygen sensing
of stable photoactive polystyrene nanoparticles TMPyP-NPs
with strong antibacterial and antiviral properties S S;
. . I
from polystyrene electrospun nanofiber material. T )
1 12 1) <] l>
— g

Description of a new sensitive method for S 9prompt : SODF
measurement of oxygen and/or singlet oxygen fluorescence 1270 m Y
concentrations based on singlet oxygen So i %4

sensitized delayed fluorescence . )
Porphyrin Oxygen
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5. Environmental chemistry aq‘dn)epjcetlon

TDL spectrum (2f-harmonic)
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' ' - First application of multllayer
Environmental influence of photochemlcal processes has been investigated in a g B graphene Cantilever for baT

particular urban street canyon. An approach using a photochemical reactor to describe
processes in a street canyon atmosphere was developed and verified as a useful tool

photoacoustlc detectlon
Measurement, 101 (2017) S-14.
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for prediction purposes. _ Time / ho.urs S
The combination of sensitive microphones and micromechanical elements with Time development of ozone: vertical dlStflbUtlQ“ in the
advanced laser techniques offers us a precise method for the studies of chemical canyon of Legerova Street measured by DIAL in July

sensing possibilities. (sunny weather) in pgm,
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Gra nts (active 2015-2019)

21 grants were running at the department (most of them funded by GACR and MEYS)
during 2015-2019

Sorted by Agencies

e 9 grants funded by the GACR (Czech Science Foundation)

e 5 grants funded by the MEYS (Czech Ministry of Education, Youth and Sports)
e 5 grants funded by the CAS (Czech Academy of Sciences)

e 2 grants funded by the TACR (Czech Technological Foundation)

Sorted by Persons

6 grants CoPlI or Pl Prof. Civis

7 grants CoPl or PI Dr. Ferus

5 grants CoPlI or PI Prof. Zelinger
2 grants CoPl or Pl Dr. Kubat

1 grant CoPl or PI Dr. Kubelik



- |nternational Collaboration: ARIEL

ARIEL consortium meeting

by ARIEL consortium

ariel-spacemission.eu

2.5 days meeting with scientific,
technical and programmatic sessions
to start ARIEL Phase B work

Prague

From Tuesday, 8 May 2018, 10:30 CEST >3 : . = K2 % - 58 24 m
To Thursday, 10 May 2018, 16:00 CEST ' ; VX - SR ] . '

Hubble (1990 - 2030)

More information about the €vent - % ; y : ¥’ S ¥ AN b y /
https://www.eventbrite.co.uk/e/ariel-consortium-meeting-tickets-44468379119 AN BN B 4 . ; g ) ke R ' e

Heyrovsky Institute of Physical Chemistry, 4 ) I 4 ¥ e i M A | -" ‘-[

Ariel (2028 - 2032)

Czech Academy of Sciences
Dolejskova 2155/3, 182 23 Prague
Czech Republic
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Awards (2015-2019)

M. Ferus: 2015: The Josef Hlavka Award

M. Ferus: 2016: The Otto Wichterle Award

M. Ferus: 2016: The Award of the Czech Learned Society

P. Vana: 2017: The best secondary school thesis award (supervisor: M. Ferus)

P.Vana: 2017: The J. Heyrovsky Award

V. Laitl: 2018: The Czech Head Award for young students (supervisor: P. Kubelik)

A. KniZek: 2018: The J. M. Marci Award for the best diploma thesis (supervisor: M. Ferus)
S. Civis: 2018: Doctor of Science

A. KniZzek: 2019: The Best Poster Award on EANA conference

16. March 2021 On-site evaluation
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Outreach pre W8

The members of the team have positive attitude towards presentation of the most interesting results to
general public.

National media

« Czech Television — Our original research has been repeatedly reported in main news ,Udalosti,”
morning show Studio 6 and popular scientific journal Hydepark Civilizace. Dr.Ferus has repeatedly
commented on new discoveries concerning planetary chemistry of Mars and Venus.

« Czech Radio — Repeated interview on our original research in scientific shows Studio Leonardo and
Meteor.

« Printed media: Popularization articles, interviews in popular journals and newspapers.
« International media

« More than 30 outputs mainly concerning research on origin of life published in PNAS.

ra3eTa.ru HESPEKT s TAJEMS TV L7 ™8
Deutschlandfunk VyeHble HALIUIV OCHOBAHMSI JIJIST | "8 L VESM]RU
SKM3HM : e g
ASterOideneinSChlége YugkIE: IAD ACTEROKAA ROT MOTONKHYTE K IADISIEHHH #HIHW K3 Jerne S oo o Were _‘___:_ fiz:‘t:pr::?dn .
Notwendige Hitze fur die Ursuppe ™ "™ DERSTANDARD iS5 ol W o
des Lebens F.l\:TSTFHUNG DES LEBENS . ) . Ncqupccne‘\ ! e
Wie sind die ersten Organismen auf der Erde entstanden? Dariiber gibt es 'lr"berrasc!;"'lng bel neuen Experlmenten mlt der 3 | :
viele Spekulationen - und ein tschechisches Forscherteam fiigt nun eine Ursuppe der Erde J = S .
weitere hinzu: Demnach wurden zentrale Bausteine des Lebens quasi Simulierte Bedingungen auf der jungen Erde fiihrten im Labor zur Entstehung von RNA- prod joet vesmirné Mletibs hes ,)“‘,;,: 3 Jak vznikl Zivot?

gewaltsam gebildet, und zwar, als reihenweise Asteroiden auf der jungen Grundbausleine
Erde einschlugen.

www.hydeparkcivilizace.cz

17. April 2017, 19:12 270 Postings

I e N R
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Publications: 60 in impacted journals (2015-2019)

oge . IF (2019 Journal Results
Journal Classification | Number of e — Astronomy N
pu blications 9.412 Proceedings of the National Academy of Sciences of the United States of America 3
8.758 ACS Applied Materials and Interfaces 4
D1 13 8.385 Physical Review Letters 1
8.374  Astrophysical Journal Letters 1
Q]_ 13 7.95 Astrophysical Journal. Supplement Series 1
7.632  ACS Sustainable Chemistry & Engineering 1
Qz 13 7.098 Topics in Current Chemistry 1
Note: Evaluated by the CAS. natUr 6.895 Nanoscale 1
eaSt'qO 6.205 Journal of Medicinal Chemistry 1
PHYSICAL REVIEW LETTERS nomy 5.996 Chemical Communications 1
5.636 Astronomy & Astrophysics 5
Stronomy 5.047 Journal of Materials Chemistry B 1
° 4.85 Inorganic Chemistry 3
StrothSICS 4.613 Dyes and Pigments 1
4,189  Journal of Physical Chemistry C 2
1

' no rga n | C C h em | St ry 4152 ACS BIOMATERIALS SCIENCE & ENGINEERING

Chemcomm Note: Conclusion made by the head of department: 50 % of papers appear in journals with IF > 4

16. March 2021 On-site evaluation 16
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