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Fourier transformation
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Synthetic Rutile
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Sokolov Coal Basin Clay
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Mechanism Il: Thermal rotation of CO, followed by
0-CO, bond rupture and CO, desorption

The barrier for such a process needs to be
evaluated.
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Fotokatal ytick§?§

Tit*O, + CO, + H,0O + [HY]

HCO,CH,

CO29 fixation on metal oxides



FTIR

CaF, window

Fotokatal ytick8 redukce
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TiO, powder (ca.0.8ga 10 Jmnmol
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CO, is stepwise reduced to the formyl radical in reactions

1to 3;

(b) two formyl radicals recombine to yield glyoxal

(c) glyoxal is reduced to glycolaldehyde

(d) glycolaldehyde is reduced to acetaldehyde

(e) acetaldehyde is oxidized to the methyl radical

(f) the organic intermediates generated in these reactions
(including formate, methanol, and formaldehyde) serve

as sacrificial hole scavengers;

(9) the hydroxymethyl radicals recombine, yielding ethylene
glycol, which is oxidized to the vinoxyl radical

bl ONK2 Gl y S

na metan

Formaldehyde pathway

N8 5

17— G g
CH, CHy CHs
@) O"' Carbene pathway
[l +
C™H" || —= CH; —=CH,
6 C
\OH Ho O CHy/ o
LI G Kol § = ——{ Il
O O H 9 C
Glyoxal pathway
P. Zapol et al.,, J. Phys.Chem.C2 01 2, 116, 94501
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Planet§8 r rchemie na Marsu

U Povrch Marsu: Fe3* oxidy - regolith (1% TiO,)
uAtmosf ®r a I€COavND

St opov ® metangs atmosf @S e

U Koncentrace metanu j e pr omin 8§

Metan naMarsu-gi vot ?
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Mars Curiosity Rover Mission

vypugtBhDno: 26 Novembe:l
Cape Canaveral, Florida, USA

pSist&§n2: 6 August 207
Palus, Gale Crater, Mars

c21l e

ALS8st NASA marsovsks§
| aboratorn? mise
AVIizkum klimatu a geo
AVT zkum podm2nek pro
Gale v prTbRDhu histo
Marsu

A Role vody na Marsu
APrTzkum obyvatelnost
AUr|l en2 koncentrace

Marsovsksg§ vozz2t kdd IPRhu roku
Curiosityin, Oselfiebo
Aeolis Mons foothill

6/10/2015




Aeolis
Mons

Aeolis Palus

ASeverozgpadn? strana Aeolis quadran
A 5.4/s, 137.8/

A Aeolis Mons (Mount Sharp) uprost Sed
A AeolisPalusipl anina na sédwméshd st2Caips8y st &

http://marsforthemany.com/mpotw/gale-crater-mars-picture-week/



Data z Curiosity

AAnallza vzorkiTasar Mdi sdo vl ktroraeter t e |

AO07ppbCH,v at mosf ®Se
Avikyvy ag ,7 ppb CH

A atmosf®rick8 voda od 10 ppm do 60

AAt mosf®rickl tlak od 7 mbar do ,) 9.

Curiosityos view of Aeolis Mons (20/ 9/



Navrgen® sc®ng§Se s ez
metanu

{OSYtn | m
ARegolit v Gale kr8&8teru adsorbuje
uvol Rov&n2 metanu doch§z? za vInh

A Regolit obvykle adsorbuje metan CH, (sucho)

APSi odpaSovgn? povrchu, chlori st
regol i tu deakti vuj 2 adsorpl n2z m?2
uvol Rov §n? C

Hu, R et al., Astrobiology
2016




{ OSVY1t nj | H

AMi kroorgani sy konvertuj? v kapal
na metan

APSedpokl ad existence gi vota na M
AMotivac?2 pro tuto hypot®zu byl o o
dichloroal kanT v Yell owkni fe Bay
AMi kroorgani smy na Zemi jsou pS2m

(e.g. Hydrogenobacter thermophillus, Helicobacter pylori)

Hu, R et al., Astrobiology
2016




Possible Methane Sources and Sinks
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{ OSY1! nj | o

AVzS2dla metanmpezmapmowerzterm2 zdroje v

AMTge bl t v8z8no na p odypvodai c hovo
hornina

ADTl egit®: doba ¢givota metanu na N

APodobnhD jako v arktick® tundSe na
zdrojJ] T metanu v zZzemsk® at mosf ®Se)

Hu, R et al., Astrobiology
2016
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Mars bDhem r ok

Sez-nn2 zmBDny Kkl i matump:odobniD jako
A Perihelion = northern winter
A Aphelion = northern summer
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Dopl nDOn8 sezonn? ,vwoamia &, ym
na Marsu

Obr 8zek byl vyt voSennincah zd8ulbaidalk owgabstbtemhetals t u p
Curiosity and Mars Expressp u b | i k o MASA,TaMAa r {Térras et al.
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f the 60,000 or so meteorites that have been discovered on Earth, only 124 have been identified as originating from the planet Mars. These rare meteorites creat:

JPLHOME  EARTH  SOLAR SYSTEM

Mars Meteorites

STARS & GALAXIES ~ TECHNOLOGY

The Los Angeles Meteorite

A Mars meteorite stone
(shergottite) weighing 452.6
grams.

A Mars meteorite stone
(shergottite) weighing 245 4

grams.

Jet Propulsion Laboratory
California lnstitute of Technology

ir throughout the world when NASA announced in August 1996 that evidence of microfossils may be present in one of these Mars meteorites.

he meteorites in the table below are grouped by their pairings and listed roughly in the order that they were found.

Meteorite Name Location Found Date Found Mass (g) Tvpe

Chassigny France, Haute-Marmmne province, October 3. 1815 ~4.000 |dunite (chassignite)
village of Chassigny

[Shergotty India, Bihar State, town of Shergahti August 25, 1865 ~3.,000 [basaltic shergottite

(Nakhla Egypt, El-Baharnya, village of El-Nakhla June 28, 1911 ~10.000 |clinopyroxenite (nakhlite)




The Nakhla Meteorite

18K

The Nakhla Meteorite
Copyright 1996 Fotosmith

Meteorite: Nakhla

Location: Nakhla, Abu Hommos, Alexandria, Egypt
Fell: June 28, 1911, 09:00

Type: Nakhlite (SNC)

A rain of 40 stones fell from the sky in 1911 near Nakhla in Egypt. The falls were preceded by an
appearance of a cloud and detonations, frightening local residents. This is an eye witness account
that provided accurate descriptions of the Nakhla fall - including detonations and smoke trails
along a mention that one of pieces hit a dog. This dog story did lead directly to the recovery of
several fragments of the Nakhla meteorite. The meteorites are very real. so there's no reason to
doubt the dog story. The stones from this meteorite fall ranged in size from 20g to 1813g, and it 1s
estimated a total weight of 10kg (22 pounds) had fallen.



Experi ment §l n? zaS2zen? vytvoSen® k
redukce CO, na povrchu Nakhla meteoritu

Borosilicate glass

Mineral
catalyst

CO, + HCI
reservoir
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Experi ment§8§l n2 uspoS§8§ds&§n2 uvnit$S spe
Papr sek spektrometru proch§z? s f
metanu po fotochemick®m ozaSovs8n?




UVozaSowEBmadi n p a6dwdJ¥ lampy Nakhla meteoritu.

Horn2 spektrum (|l ern®) ukazujo8s.7cnelfmexSeem|Tn
standa0.6)TqrSi
Methanogeneze na povrchu anatasu (| e r v)@am 1000 hod. UVoz aSov 8§n?
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Metan ac hl or el nany
detek ce a pevnsg |

Borosilicate glass

Mineral

catalyst CO, + HCl

reservoir

-ﬁ%{!d + [CHy—Cl,
© o

detected by: IR XPS GC-MS

14CQ+ 10 HCI + 14 T 7+ 7/CO +5 HCJ® 5 HCIQ

c hl
8§ st

o

\



Table 1

Minerals detected on Mars from landed and orbital data sets?

Class Group/mineral/phase Formula
Primary Framework Olivines (Mg, Fe)25i04
silicates Orthopyroxenes (Mg, Fe)oos 1x, Capos—»)S51204
Clinopyroxenes (Ca, Mg, Fe)Si;O4
Plagioclase feldspars (Ca, Na)(Al, Si)AlSi> Og
Alkali feldspars (K, Na)AlSiz; Og
Sulfides 1-7‘),'1'1'1'1‘:11:'11:&b Fe(_.S
Pyrite/marcasite” FeS»
Oxides Magn etited Fei . Ti.04
Tlmenited FeTiOs
Secondary | Oxides Hematite Fe, O3
Goethited FeO(OH)
Akaganecite” Fe(O, OH, Cl)
Phyllosilicates Fe/Mg smectites (c.g., (Ca, Na)p3_g 5(Fe, Mg,

(clay minerals)

nontronite, saponite)

Al);_3(Al, Si)4O10(OH);-2H, O

Al smectites (e.g.,
montmorillonite, beidellite)

(Na, Ca)g3_g.5(Al, Mg)(Al,
51)4010(OH)2-nH, 0O

Kaolin group minerals (e.g.,

kaolinite, halloysite)

Al,S1,05 (O D)4

Chlorite

(Mg, Fe? )5 Al(Sis ADO10(OH)s

Serpentine®

(Mg, Fe)38i05(OH)4

Iigh-charge AI/K phyllosilicates

(e.g., muscovite, illite)

(K, 1, O)(AL Mg,
Fe), Al Siy .0y o(OH);

Other hydrated | Prehnite CazAl(AlSiz O0)(OH);
silicates Analcime NaAlSi; Oy-H, O
Opaline silica (z > 0), quartz Si02.-2#H20
(n = 0)
Carbonates Mg/Ca/Fe carbonates (Mg, Fe, Ca)COs
Sulfates Kieserite (MgSO4-H>O); (Fe, Mg)SO4-nH, O
szomolnokite (FeSO4-H> O);
Fe(Il)-, Fe(IIT)-, and
Mg-polyhydrated sulfates
Gypsum (n = 2), bassanite CaSOy4-nH>O
(n = 0.5), anhydrite® (n = 0)
Alunite KAI3;(SO4)2(OH),
Jarosite KFe3;(OH)6(S04)2
Not a named mineral Fe*tSO4(OH)
Chlorides Chlorides e.g., NaCl, MgCl;
Perchlorates Perchloratest c.g., (Mg, Ca)(ClOy4)2

Mineralogy of the Martian Surface
Bethany L. Ehimannand Christopher S. Edwamsy. Rev. Earth Planet. S014. 42:294315



XPS spektrav obl ast el ektroni ckTl €liep paSteac lhyo gt
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GCMS detection of methylchlorides
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Photoelectron (XPS) spectrain the region of Cl 2p of the catalysts after 1000

hours of irradiation.

The anatase, rutile and montmorillonite powders were UV-irradiated in the presence of
HCI vapour, H,O and CO,, and were neutralized by CO," free KOH immediately after
removal from the photoreactor. The regions of the Cl 2p3/2 photoemission lines of ClO,,
ClO5 and CI, respectively are labelled by arrows.

XPS spectra of the solid phase of
our samples

cio,

i

Cl

anatase ;
“‘ﬁf\\

Intensity, a.u.

montmeorillonite

b v T

[t T
215 210 205 200 195
Binding energy, eV

Intensity, a.u.

XPS standards of perchlorate,

chlorate and chloride

I . 1

Standards

kcio, NaCl (x 0.5)

e P e N ——

. NaClo, (x5)
1 l
210 205 200 195

Binding energy, eV

S. Ci v | ACS Eathh Spacé Chem. 2019, 33, 2211 2



Perchlorate content on Mars

.
4 "
+CHy [+ K + :+-:—+
[ e < G Ao | e
o )

o

detected by: IR XPS GC-MS

14 CO, + 10 HCI + 14 H,0 + hv — 7 CH, + 7 CO + 5 HCIO, + 5 HCIO,,

NM

d =
NAWPS

N - total of produced molecules of CIO, (3x1037 over the past 1 Ga)
M - the molar mass of ClO, (99.4 g-mol")

N, - the Avogadro constant

w - the mass fraction of perchlorates in the Martian soil (0.005)

p - the average density of Martian surfacerocks (1.5 g.cm3)

S - the surface area of Mars (1.44x10'® cm?)



Cloristany na Marsu
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a b
Volatiles accreted with Moon-forming Delivery of volatiles
material from the proto-Earth to the Earth-Moon system
L

»
L] = -
' s 'I, mpactor
' . ~
=Ly §
Impactor . ‘ pd <
. L

%,
’J’“‘-i. é‘
3

Accreting Moon

Earth

Proto-Earth

Earth and Moon receive delivery of
Water survives Moon- volatiles by asteroids and comets
forming event and does not during the initial stages of planetary
escape proto-lunar disk differentiation



Planets may either be born with water or have their water delivered by collisions
with water bearing planetary objects like asteroids.

| zotopick® sl ogenz vody

(Vyj §dSem®pjoands n e blor ejlaakto vnhN k pozems
oce8nsk8§ voda

ZemRD DHpomlarl 51610 ort D& 0 &)

The Sunds nat I gas di sk an dhowuepyilov B/H @t$0s ¢
of21& 10" 80orti D& 1 8 Owh&hisafactorof7 x ni § g 2

Outer Solar System objects, such as the comet 67P/Churyumov Gerasimenko
generally show much higher D/H ratios in the sublimated water molecules, with values
upto 5301 10" 6(ori D& 2400 &)

CCs(uhl 2k oksamud,j) atdHOCKkkRy s | 2 k a
mi ner@®HpomnNDr podobnl oces§r
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TiO, - TPD experiment

B Ti"°0O, on Au foil + D, bombard (20 min)
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TPD
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Theoriginof methaneandbiomoleculedrom
aCQcycle on terrestriaplanets

Svatopluk/ A @# @GntoninY y NO'&] h y R nj § Betr Kubél?, SMarkéta Zukalovad?,
LadislavKavan®!and Martin Ferus

Understandinghe chemicalevolution of newly formedterrestrial planetsinvolvesuncertaintiesin atmosphericchemicalcom-

position and assessing the plausibility of biomolecule synthesis. In this study, an original scenario for the origin of mee
on Mars and terrestrial planets is suggested. Carbon dioxide in Martian and other planetary atmospheres can be abic
convertedinto amixture of methaneandcarbonmonoxidebyW Y S i K I y 20B@ngSniidegalfhotoactivesurfacesuinder

soft ultraviolet irradiation. On young planets exposed to heavy bombardment by interplanetary matter, this process ca
followed by biomoleculesynthesishroughthe reprocessingf reactivereducingatmospheresyimpactinducedshockwaves.

The proposed mechanism of methanogenesis may help to answer the question concerning the formation of methan
carbonmonoxideby photochemicalprocessesthe formation of biomoleculeson early Earthandother terrestrial planets,and

the sourceandseasonaVariationof methaneconcentrationson Mars.

neutral (i.e. rich in CQ N,or H,O (ref.?), supported by CO,-rich atmosphere is also highly relevant to studiés afr t
several modern geochemical findings)d reducing andMa r sadysstages of atmospheric evolutionttBplanets
(CH,, NHs, H,, HCN, CO and so ohatmospheric composi contained HO as a source of hydrogen, and they were exp:
tions of early Earth. Recent results comprehensively mapptoga significant ultraviolet flux''. Eventhoughits levels are
terrestrial isotopicratios of hydrogen and nitrogen show aebated,accordingto a comprehensivestudy by Chybaand
difference from interplanetary gaseous or cometary materi@dagar’, energydissipationfrom ultravioletirradiationon early
Rather, they are in the range of values characterizing primitizarth might have been two orders of magnitude more po
meteorite§ These findings suggest exogenous delivery ef tdul (not effective) as an energy source compared with im
restrial HO and atmosphete early Earth (for a broad reviewshock waves'**and four orders of magnitude more power
see ref?). It has been demonstrated that Earth lost its nebulban electridischarges.
based prot@tmosphere during the first B0 Myr after its
creation. Neverthelesghydrogerenvelopef amoderatenass Basedonphotochemicalodelsandontheurrentunderstanding
around early Earth may haveted during the first 100 Myr as of the composition of the Martian atmosphere, ,@hibits a
ashieldagainsthe deterioratiorof theatmospheréy thesolar  chemical lifetime of 308600 years, which is, on the geologic
wind®. Compromise scenarios incline towards a weakly redwscale averyshortperiod®. Thisimpliesthattheremustbeanactive
ing atmospheric mixture consisting of volcanic gases suchsasirceof CH,on Mars.Hu etal.*’ formulatedthreehypothesesor
CO,, N,, COandH,0, with lessemmountf H,, SO,, CH,and  theorigin of CH,onMars:
H,S. However,as mentioned above, the effects of exogenous
delivery of reducingcompoundsr FischerTropschprocesses 3 The regolith in the Gale Crater adsorbs ,@vhen dry and
could have significantly contributed to even more reducing release€H,ondeliquescenceéuringwinter.
conditions (C@N, atmosphere with significantn@ounts of ¢ Microorganismgonveriorganicmatterin thesoilto CH,. However,
CH,, NH;, H,S andH,)®°. Suchareducingstateof theearlyter this scenario suppostise existenceof extantlife on Mars. Other
restrial atmosphere is documented in indigenous zifcdms explanationsoncernindife onMarsaresummarizeéh ref. %,
accordance with several theories inclining towards a neutral gasDeepsubsurfacaquifersgeneratéurstsof CH,.
composition for earlfE a r tatimdsghere, Mars can serveaas
prototype of a photochemicallydriven planet. The Martian A fourth hypothesis has beérmulated byShkrob et al’and this
atmosphereepresenta CO,-rich environmenthatmighthave is further developed irour study. The idea is that aomplex,
been similar to earlf a r tRed@r in situ measurements ofiltravioletgovernedarborchemistrycouldexist:
CH,on Mars by the Curiosity rover reporteignificant varia
tions in its concentratich Across the Gal€rater,where the } Marscouldsimultaneoushbeaplanetarysizedé p hot o r
measurements were taken, Oths detected at a background that decomposes carboxylated feedstock molecules prodi
concentratiorof DO.7 partsperbillion (ppb)with tenfoldspikes CH,(ref.*yandadé p h o t o s plamét\wheredHgs@ener
detected on four occasions across a period of two moFities. atedromCO,0vercatalyticsurfaces*?%.

I | istorically, manyargumentfavebeenpresentedor both  possible abiotic synthesis of Gk a reducing gas in a natal
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