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VENERA-14 VENERA-13

Surface: temperature - 462°C,
pressure 87 - 93 atmospheres.
Gas shell: density 65 kr/m?,

CO,- 96,5%, N, -3,5% at the surface.



Question to me
L.V. Ksanfomality in 2011:

Where is the temperature

Surface: boundary for the existence of
organic life?

462°C, My answer was 550 — 600 2C

wer w - °C.

87 - 93 bar. There aren’t stable organic
polymers beyond this

CO,- 96,5%, boundary.

N, - 3,5%

Life is evolution. What can be
said about the formation of
Venus?

In a 1983 work by the geological group of K.P. Florensky, the authors wrote: “It is difficult to determine
the shape of the” strange "stone ... The general roundness is combined with the spotted ... finely
tuberous surface ... To the left of the described stone there is a light elongated formation that is
decrypted as sticking out a stone rod-shaped protrusion of light material with a length of about 15 and
a thickness of about5cm ... ".

NMHcTuTyT KaTtanmsa mm. LK. bopeckosa CO PAH http://catalysis.ru




Rapid clump formation. Gravitational
Planet formation instability in massive circumstellar disc

a dark cloud b gravitational collapse C protostar envelope
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_ Snytnikov V.N. ...2006, 2014, 2016
High pressure more than 100 bar and moderate temperature in clumps.

The formation of the planets from the clamps. Loss of H, , He, H,O by Venus.
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Atmosphere and Soil of Venus

Atmosphere
~96,5% CO,
~3,5 % N,
~0,015% SO,
~0,007 % Ar

~0,002% H,O
~0,0017 % CO
~0,0012 % He
~0.0007 % Ne

- Hloffman J.etal., 1éSO
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LOG COUNTING RATE

Oxides

SiO,
Al,O,
MgO
CaoO
FeO
K,O
TiO,
SO,

MnO

Soil, wt.%

VENERA-13 VENERA-14 VEGA

45,1 48,7
15,8 17,9
11,4 8,1
7,1 10,3
9,3 8,8
4,0 0,2
0,2 0,16

46,5
16
11,5
7,5
8,6
0,1
0,2
4,7

0,14

Temperature- 462°C, Pressure 9,3 MPa



Pressure, MPa

Near-surface atmosphere

- supercritical fluid CO,
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What are the data on physical and chemical processes in these conditions?



Amino Acids and Polymers
for Venusian Temperature

NH, NH. /l\/ht? NH,
)\CGP_H COLH COLH CO,H

amaHHuH BAJTHH JTeHIIHH H30-JICHIIHMH

The study of the sublimation of protein amino acids at T ~ 500-540 ° C, 1 bar
Tarasevych A.V. et al. ChemComm 2015

‘ Diethinylbenzene or
Diethinylnaphthalene

>550° C

Poly-p-phenyl
>750° C

Ph




Nitrogen Activation (“Nitrogen Life”?)

Soil of composition Fe —SiO, — Al,0; — MgO — CaO - K,0
This is a typical catalyst for N, +H, 2> NH;

Yields of the order of 10-16%, 10 - 30 MPa, 300 -550 ° C.
Shapatina E.N., Kuchayev V.L., Temkin M.I., 1988.

Iron nitrides FexN and intermediate complexes FexNH and FexNH2 are formed on the catalyst. The presence of sulfur in excess
of 0.1% in the catalyst dramatically reduces its activity in the yield of ammonia. On Venus, we should expect the activation of
nitrogen on reduced Fe and the formation of the complex FexNH. It further participates in the further synthesis of organic
compounds and polymers.

A reactions may be carried out Nz + HZS +Fe > 2 [N H] + FeS
CO, + 4 H,S + 3 FeS = [CH,SH] + 3 FeS, + 2 H,0.

Synthesis of methyl sulfide [CH3SH] with the participation of iron is particularly effective in environments with
low water content.



Chemical processes for Venusian Life

Photosynthesis on the Earth's surface - formaldehyde group [CH,O]

Venus carbonyl sulfide [COS] :

H,S + CO, <-->[COS] + H,0 lg K, =-2.02 at 740 K
Krasnopolsky V.A. 1982.

Catalytic cycle FeS — FeS, — FeS:

H,S + FeS — FeS, + 2 [H],
FeS, + CO, — FeS + [COS] + [O],
2 [H] +[O] — H,O
[S] + 2[0] — SO..

The formation of FeS, on the surface of catalysts Fe, O,/ SIO, and Fe, O,/ AlLO, In the

presence of water vapor.
Bukhtiyarova G.A., et al. , 2000.



Chemical processes on Venus surface

The use of Fe - catalysts in the synthesis (low pressures and moderate temperatures):
Bauer I. , Knolker H.J. Chem. Rev., 2015. Cheng-Jian Zhang et al. NATURE COMMUNICATIONS, 2018.

g-C;N, - photocatalysts

(a) e (b) e Melamine
NﬁLN NA\N Nfl\N N)\IN (C3HsNe) §00-580 °C —
_N_)\ ‘ )\ ‘ - N)\N ‘ N N)\N N
R -?:4 N \N N~ o A )\ J\ N | .
r," N/*‘N \)NQ\‘N NA\l" "”NJ\N\N“ ¥ N:LNN ' NJ\N CV:“:""“ .o.{ 550 °C
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N 1 1 | . o
NH, /“-"' Iz “;T\J\N)\NJ\,?')‘NJ\NLM% N Dicyandiamide 550 °C '
oy X K | (C2HeN.) Bl TP &
/g /‘L N//NL \N Polymerization -
HoNT N7 NH, H,N/KN \N/kNH, y
. : . , g 520-550 °C =
(a) Triazine and (b) tri-s-triazine (heptazine) structures of g-C;N,. (CH.N,0)
Graphitic carbon nitride
Thigurea 450-650 °C — S
Wee-Jun Ong et all. Chem. Rev. 2016, 116, 7159-7329 i)

All these compounds, organic [COS] , [CH,0], thiol [CH;SH], nitrogen [NH] initiate chains of all further syntheses of substances
on the catalyst surface. These substances may include other elements, such as Si, Fe, Mg, Ni, Zn and others that make up the

Venusian soil. Among the total possible mass of compounds in the presence of a high-temperature fluid CO, and nitrogen
remain stable substances, including some synthesized polymers.

Thus, the available data allow us to offer a venus - chemical “iron sulfur world” as a
hypothesis about the basics of Venusian life.



Fixed bed catalytic reactors and fluidized bed reactor

Experience in the study of chemical processes on the surface of solids and gases for
chemical technologies and industries.
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Fluidized bed reactor
Tubular Multilayer (Shelf) Adiabatic Reactors

Temperature < 1000 eC, pressure < 1000 atmospheres.



1 - HenpepbiBHbIii CO,-nasep;

2 - fenuTensHan nnacTuHa
3—«Kanopumertp;

4 — Tpaccupy oLt NONYNPOBOAHNKOBbIi N1a3ep;
5-7 — 3epKana onTU4ecKom Tpacchl;

8 — BakyyMHas Kamepa;
9 - obveKTvs;

10 - vcnaputenbHan Kamepa;

11— KBapuesblii Konnak;
12 - connoBas HacaaKa;

13 - 3awuTHan naactuHka (KCl);
14— WTOK ANA KPENNIEHUA U CKaHMPOBAHNA MULLIEHM;

15— MyweHb;

16— dunbTp Ans cbopa HaHouacTUL,

17— 6annoHc rasom;
18 - potameTp;
19 - BeHTUNb;

20 - cMcTema NPOKaYKK rasa;

21 - BaKyyMmeT

CnnowHble CTPeNKM — Hanp:

1€ — Han| NOTOKa rasa faseps,
17 20
sio, Mg,Fe (SiO,)
= B nHanomnopouike, macc.% |
2 £ | Ucxopnst | Copepxann | Coxeprxanu | Conepkanu
o 1 cocTaB ® © e
Na 0,76 1,97 2,83 2,09
Mg 21,93 9,99 6,45 6,71
Al 0,05 0,04 0,07 0,14
Si 14,58 18,45 19,21 19,57
Cl 1,22 1,92 3,09 1,63
K 0,06 0,17 0,27 0,15
Mn 0,09 Oyllwsme eHMerl:—'lJeBa o6pas3! 80112
Fe 20,98 ﬂy@nasetmro@r&&a Haﬁonoﬂ@@i
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Kostyukov A., Baronskiy M., Rastorguev
A., Snytnikov V., Snytnikov V., Zhuzhgov A,
Ishchenko A. Photoluminescence of Cr3* in
Nanostructured Al,O, Synthesized by
Evaporation Using a Continuous Wave CO, Laser
// RSC Advances. 2016. V.6. N3. P.2072-2078




“FT” Synthesis

Catalytic active nanomaterials
coO + H, — CH,+ H,O "

Products distribution of FT-Synthesis over Meteorite _
Tsarev, T=642 K sSio, 406 416
1000 Yield of olefins distribution TiO: 0,12 1,04
- 100 - Al;O4 2.5 12,2
7 10 - Cr;0, 0,5 0,02
f S ankeHbl FeO, 14,0 25,3
5 MnO 0,34 0,18
E 0.1 7 a-anKkeHbl MgO 25,2 9,0
o 0,01 : - - - - - - CaO 20 6,3
E. 1 2 3 4 5 6 7 8 NE[ED U.? 1 ,U
g Yield of paraffins distribution K20 0,10 0,47
2 10000 - P P,0. 0.3 0,09
g 1000 - S 1,92 0,98
a 1907 Fe (cynd.) 3,36 0
10 NM30-ankaHbl FE‘ 6,51 El
1 H-ankaHbl m‘ Ni 1,08 0,17
0,1 - - - - - - - - - Co 0,048 0
0 1 2 3 4 5 6 7 8 9 Cu 0.013 0.13
Number of Carbon atoms




Conclusion

1. A complex of chemical reactions of organic synthesis of complex organic compounds catalyzed by iron-
containing compounds can take place on the surface of Venus . Photocatalytic processes may also occur.

2. From the Venus-D mission, we are waiting for

- data on the altitude content of gases H,, He, H,0, CH,, Ne , OCS, H,S , HCN, Ar, SO, ...
near the surface of Venus;

- data on carbon and nitrogen compounds on the surface of Venus;

- data on inorganic surface material;

- data on compounds adsorbed on inorganic surface material;

- data on the composition of dust on the surface.

3. Venus is an ancient cooling Earth before condensation of water.
The study of Venus opens the way to the knowledge of the pre-epochal era of the hot Earth in the first 600
million years from the origin of the Earth to the appearance of the oldest rocks 3.95 billion years.

4. Studies of chemical catalytic processes on the surface of Venus for supercritical fluid CO, will find their
application in the creation of new chemical technologies and the synthesis of new materials for high-
temperature applications.



Thank you for attention!
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Chemical reactions

Syntheses of active molecules (C,H,, NH,, HCN, H,0...)

CO+H, > H,CO (gas discharge of low pressure)
CO:H,=1:8, H,CO0:CO=7:100 (plasma-chemical reactions) Rusanov
V.D., Fridman A.A., 1984

47

CO+H,—> H,CO MgO, T< 500-600K Hattory H., Wang G.W., 1984
N, + 3H, > 2NH, Fe, Ni

CO + NH; -> HCN + H,0

Reactions of with mass increasing
H,O0 with organic matter, T<200°C

n(C,H,) = (C,H,),, Fe, UV

n(HCN) — (HCN)_

n(H,CO) — (H,CO), OH, Me?* (Mg?*, ...)

CO/H, for molecular clouds not equal to CO/H, in discs!!!
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BHe3semHasa Kn3Hb B COTHEYHOW CUCTEME

ObbeKTbl 4Na nMccaeao0BaHNM
Pe3ynbTaT MameHeHumn 3a 4,56 mapa net

MeTeopuTsl
KomeTsbl
Kocmunyeckasa nblnb
JlyHa

Mapc

BeHepa

tOnuTep + EBpona
CaTtypH + TuTaH



BHe3emHaa Xun3Hb B ConHeyHon cucteme. KOnutep n CatypH

320 kKm, rpaHuya crpartocdepbl n

Tepmocdepbl

— O
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e
=
2
T 50 Km, Tpononaysa_ _____________
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= obnako NH3
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= -132 KM 2
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Boga, metaH (CH,), cepoBoaopon (H,S), ammuak (NHz) n docdun (PHs).

Npea CaraH K. nckatb
XN3Hb B NePexXoHOM Crioe
aTtMmocdepsl KOnutepa.

CHbITHUKOB B.
[1POTOXN3Hb
OKONo3Be3aHOro aAncka

Nx oTHOoCcuTenbHOE KonnuyecTBo B rnybokoun (Hmke 10 6ap) Tponocdepe noapasymeBaeT, YTo atmMocdepa Konutepa B
3-4 pasa 6orade yrrepoaom, asoTom, CEPON U, BO3MOXHO, Kucnopodom , Yem CorHue.
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ACTpOKaTanms.
IBoaouna broueHo308 B CONHEYHOW CUCTEME

[MepBMYHbIE BOCCTaHOBUTEbHbIE aTMOCdEPbI OKO/1I03BE3AHOMO ANCKA
Temnepatypa -107 °C (1latm)mn +153 °C (22 atm)
Temnepatypa -130 °C npu gasneHun latm

Coctas atmocdepbl  H,, He ( CH4, H,S, NH;, PH; ...)

[MnoTe3a 0 cOXxpaHEeHUM NPOTOXKU3HU OKONO3BE34HOMO ANUCKA (?7?7?)

H,S + CO, <--> [COS] + H,0 u H,0+CO, <--> [CH,0] +O,

IBoatoumna atmocdepsbl Mapca

. L.H.B. 3.8 Gyr )
Noachian Hesperian Amazonian

S SRS G TemnepaTypa oT -150 °C go +20 °C, cpegHaa — 50 °C v pasneHue
L ¢ 6P
deveryot i.,‘o.h'_mm CocTtaB aTmocdepbl 95,3% CO,, 2,7% N,

e oo [MnoTesa 0 XM3HU B NOANOBEPXHOCTHbIX CNOAX. Kak obecneunTsb

atmosphere due to volcanic

B HUX SHEPreTuky 2?77 )

Escape and surface
weathering (e.g
et

present



ACTpOKaTa 3.
dBontoumnsa buoueHosos B CoNHEYHOM cucTeme

notepA nepsuYHbIX H,, He n H,O
4,56 — 3,95 mnppg net Hasaa:
MageHne Temnepatypsbl K, ycnosHo, 100 °C, pasneHue Bbiwe 30 H6ap
Coctas atmocdepsbl H,, He, H,0 + k*( 96% CO, + 4% N, )
[e0OMOXMMUYECKUIM CUHTES, «KENEe30-CEPHbIN MUP»
H,S + CO, <--> [COS] + H,0 u H,0+CO, <-->[CH,0] + 0,
3,95 mnpa net HaszaAa:
Temnepatypa Hwxe 100 °C, Xnakaa soaa Ha nosepxHocTtun !l
«KoHpeHcauma» CO, c obpaszoBaHMeM 0Caf0UYHbIX NOPOS,
CO, + H,O (liquid) + CaSiO; —> SiO, + CaCO4 + H,O (liquid)
[Mepexon, OT BEeHEePUAHCKOro GOTOCMHTE3A K 3EMHOMY
3,5 mAapa neT Haszag, «reosornvyeckue BpemeHa» :
Temnepatypa Huxe 100 °C, naBneHme okoso 1 6ap
dopmunposaHue coctasa atmocdepsol, 80% N, , 20% O,

[eobrnoxnmmnuecknin potocnHTes, opmmnpoBaHmne bruocdepobl



ACTpOKaTaun3.
dBontoumnsa buoueHosos B CoNHEYHOM cucTeme

oTepa nepBUYHbIX H,, He n H,0
Temnepatypa 475 °C, pasneHne 92 b6ap
Coctas atmocdepbl 96% CO2, 4% N2
[e0bMOXMMNYECKMIN CUHTES
H,S + CO, <--> [COS] + H,0

Bnepsbie 0OHapyKeHbl BHE3EMHbIE OpraHn3mbi !!!
Kcanpomanmutn J/1.B., 2011 .



TABLE 2. Volume Mixing Ratios of Gases Found in the Venus
Atmosphere L _
Venus Atmosphere Earth Atmosphere Sof il
Mixing Ratio, Mixing Ratio,
Gas* ppm PpPm

20y, 9t 16 __40r -
22Ne lT 2 E

Total Ne 10} 18 = H2S 502
36A.r 30_lo+20 31 30F N o :' -
38, 61 6 '5'
40,, 311 0.93% =

Total Ar 40-120% 0.93% =
84K r <0.2 0.5 o *% COS l
N, 4+ 2% 78% <
O, <30 21%
SO, 55 km <10 : re 1

Below 24 km <300
COS Above 24 km <3 n‘i’g\L
Below 20 km =500 o] . .
LS 34 0 i 2 3 4
gzlgs i‘fmm LOG COUNTING RATE
Clz <10 Ititude profiles of COS, SO,, and H,S. Maximum in the SO, profile at 33 km is from evaporation from the
Hg <5 it oc;la the leak. The peak in COS at 20 km is an artifact. Dashed portions of curves indicate times when low
gy data were taken (not plotted).

*In those rows where altitude is unspecified, result is average value
from 24 km to surface.
+Deduced from ratio to 3SAr.



Water in biocenoses e om0t

-32°C 0,271 g/m?

. -33°C 0,244 gfm’

The absolute water content on Venus is 0.1 g/m3 (about 20 ppm H20) aec Sl

-35°C 0,198 g/m?

-3IB°C 0,178 g/m?*

~ Waterfunctionsinbiocenoses < olowm
-38°C 0,144 g/m?

-39°C 0,130 g/m?*

Earth Venus -40°C 0,117 g/m*

: -41° ,104 g/m?

Structural component in cells Yes May be _4;5 2;33 2’}.,..5
-43°C 0,083 g/m?

-44°C 0,075 g¢/m?

. . _ -45°C 0,067 g/m?
Habitat and breeding of Yes No, CO,-N, s BT
unicellular organisms -47°C 0,054 g/m?
-48°C 0,048 g/m?

-49°C 0,043 g/m?*

-50°C 0,038 g¢/m*

-51°C 0,034 g/m?*

. _ =52°C 0,030 g/m?*
Multicellular component Yes May be, CO,-N, eaoc ST
-54°C 0,024 g/m?

-55°C 0,021 g/m?

The basis of chemo- and Yes Yes, H,S — CO, -56°C 0,019 g/m?
. -S7°C 0,017 g/m?*

photo synthesis -58°C 0,015 g/m?*
-59°C 0,013 gfm’

-e0°C 0,011 g/m?*

Maximum absolute humidity g/m? of air depending on temperature, 0.1 MPa
https://www.dpva.ru/Guide/GuidePhysics/Humidity/MaximumMoistureContentAir/



Elements Abundance
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10 ™ Abundance of Si

o [ qHe is normalized to 10" ]

sf o ;
L Ca TE Si Fe 7
E 6 - m - . S - —
= - - Ar Ca | Mi
g 5 - * L -
= B F
2 4r Na e J W |Ti *e lﬁ/ -
52 sf ; n CO »® Ge ]
& 2L W ule o z 2
5 L B * - Te Xe Pb

AV Sc GE&'-;'TF‘_.E;”.--PE‘ Pt o e

ol - - - - e

a b Be Mb . - * - - et e, '||.|:|.|" ;'l - Th

- In P - - e g U Bi —-
) Re - -
_3-- i B o aos s 1 s w o B & o g o B o 4 s o 1 s w o 4 0 o 4 u w b i & & i e i s b i g e o 1 s s & o B s 5 o s 0 4 o o a0 o o s o b s g o o 1 s o s a 0 & 4 4 & .-..I-."."I--
a 5 10 15 20 25 30 35 40 45 50 B& &0 B5 TO 75 BO B85 S0 as
Z, Atomic number
l. H + He — 98%,

Another elements — 1-2%, among them
lI. Organics (H, O, C,N,...) >90%
lll. Inorganics (Mg, Si, Fe, O, ...) <10%

H,(2) ,He (4), H,O (18), CH,(16), Ne (20), NH;,(17), N,(28), H,S (34), Ar (40), CO, (44), ...
light gases moderate mass gases heavy gases

in the crust (CH,0),05(NH5),H;PO, and Organics <—> CO, +H,0 +N,+CH, +[PO,]*



Astrocatalysis.
Chemical evolution in pre-planetary circumstellar disks.
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L. Hartmann, Accretion ..., 2008
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Periodic increase in pressure over the body surface
from (Mg,Fe),SiO, u (Mg,Fe)sSi,0,,(OH)g as it
moves from one bunch to another in the first million

] : : years. High-pressure wave reactors P> 100 atm in H,
Two-phase model of a disk of gas and solids. and He for the “RNA world”.

Snytnikov V.N. Paleontological journal, 2010, etc. Gas collapse and body assembly in one bunch.




Mass of

in the Solar system

Radiation Flux from the Sun,

protoplanets and Solar wind

Computer simulation: P, /PO~ exp(- mGM/TR); R,M- body radius and mass, T - temperature

Initial composition

H,(2), He (4),

CH,(16), NH,(17), H,0 (18), Ne (20),

N, (28), O, (32), H,S (34), Ar (40), CO, (44), ... Asaresult:

Young planet, Modern planet,
previously 100 million years

low,
long distances
moderate

moderate

High

Large, Jupiter, Saturn

Low, Mars

Moderate, Earth

Moderate, Venus

Jupiter, Saturn
H,, He, +(CH,, NH;, H,S, PH; ....)

Loss H,, He, CH,
Condensation H,O

Loss H,, He, CH,
Condensation H,0

Loss H,, He, CH,, H,0

Jupiter, Saturn

H,, He, +(CH,, NH;, H,S, PH; ....)
Mars : Loss of H,0

95,3% CO,, 2,7% N,

Earth: CO, - Chemical
Condensation. N, ,+ 0, from
H,0 and CO,

Venus
96,5% CO,, 3,5% N,


https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%B0

SUBDISK
RNA World

Gravitational instability
Time of the Clump was 1-10 years
RNA World was during 1 Million Years

Creation of primary bodies with size about 1
and more kilometers

Catalysts and organics compounds

Drastic change of physical and chemical
conditions

RNA world

Ancient RNA world was
a precursor of the Life
on the Earth

Ribonucleic acids are capable
to perform all basic functions characteristic
of both
DNA and proteins.



