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experiments

 The physicist’s approach: from complex
organisms to electronic wave-functions, and back ?

J Ab initio prebiotic chemistry and in silico Miller
experiments

[ Perspectives and conclusions
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O Aristotle’s abiogenesis: life originating
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Origins of life & modern theories

U Darwin, evolution, and the “warm little
pond”

d Oparin and Haldane: hypothesis of
chemical evolution

J Bernal defends Oparin’s theories...

THE PROCEEDINGS OF
THE PHYSICAL SOCIETY

Section B

VoL. 62, ParT 10 1 October 1949 No. 358B

The Physical Basis of Life*

By J. D. BERNAL+
Birkbeck College, London

32nd Guthrie Lecture, delivered 21st November 1947; MS. received 18th May 1949
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Origins of life & modern theories

U Darwin, evolution, and the “warm little
pond”

d Oparin and Haldane: hypothesis of
chemical evolution

 Bernal defends Oparin’s theories

4 ... and Urey begins to look into it
ON THE EARLY CHEMICAL HISTORY OF THE EARTH AND THE
ORIGIN OF LIFE

By HaroLp C. Urey
INSTITUTE FOR NUCLEAR STUDIES, UNIVERSITY OF CHICAGO

Communicated January 26, 1952
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Miller(-Urey) experiment(s)

d 1950’s: hypotheses on early Earth
atmosphere and conditions

[ Strong volcanic activities, lightning

d Reducing chemical composition: H,O,
NH3I CH4I HZ
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1 1953: Milestone lab simulation of
lightning in primordial atmosphere
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IrhE Miller’s breakthrough Ueme

[ Single event redefining the “origins of life” research

[ Repeated over the decades with more realistic (oxidizing)
atmospheres, including H,S, CO,,CO

A Juan Oro (1960): synthesis of nucleic acids bases from
HCN solutions

d Synthesis of elementary biological monomers from simple
molecules: prebiotic chemistry is born

Ancient& | 1600’s | 1700’s |1862 |1871|1920’s [Post-WWII| 1953 | Modern

Middle Ages research



Aftermath of Miller’s experiment: ==
moving up the ladder of complexity

1. From simple “Miller” molecules to biological monomers
2. ...to biological polymers (proteins, nucleic acids, etc...)

3. ...toself-replication and hereditarity, “protein world” vs
“RNA world”

4. ...to organelles, cells, microscopic, and macroscopic life

Ancient& | 1600’s | 1700’s |1862 |1871|1920’s [Post-WWII| 1953 | Modern

Middle Ages research
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IME  Aftermath of Miller’s experiment: e
other potential sources of chemical energy?

Extraterrestrial Delivery

) ) Liquid/Ice Phase Reactions:
Atmospheric Synthesis B Conditions on parent

€O, CO, N, H;5, H,0,CH,2 4 To gl bodies/space?
Gas Phase Reactions: hy, ED, = .
starting gases

I "*."(' -

Interfacial Chemist

Drying, wetting, minéral
CO,, NH;, H;S, HZT interactions, UV?
&7), pH,

Temperature (70-3508€
reagents, concentrationy time,

etc.

Ancient& |1600’s | 1700’s |1862 |1871 [1920’s | Post-WWII Modern

Middle Ages research
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the emergence of complexity?

 From biological monomers to polymers? Unfavored in

solution!

Ancient &

Amino acid (1) Amino acid (2)
H _ H
L L
b o~ H
R, R,
N-terminus C-terminus
¥
Peptide bond

Unid® o

Dipeptide
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Aftermath of Miller’s experiment: ==

the emergence of complexity?

 From biological monomers to polymers? Unfavored in
solution!

[ Fox & Harada “Miller experiment” (1964) in ultra-dry
conditions —

Ancient & 1700’s [1862 |1871(1920’s [Post-WWII| 1953 | Modern

Middle Ages research



Aftermath of Miller’s experiment: ==

the emergence of complexity?

 From biological monomers to polymers? Unfavored in
solution!

[ Fox & Harada “Miller experiment” (1964) in ultra-dry
conditions

d “Polymerization on the rocks” (Bernal, 1961)

Ancient& | 1600’s | 1700’s |1862 |1871|1920’s [Post-WWII| 1953 | Modern

Middle Ages research



me Origins of life? U MC

 Extraterrestrial: life building-blocks arrived from
the sky

J Meteoritic: extreme pressures and temperatures
from bolide impacts

d Submarine: hydrothermal conditions in oceanic
vents

Q Ultra-violet: UV sunlight-induced prebiotic
synthesis

4 Iron-sulphur world: synthesis at the mineral
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1 Origins of life: from Aristotle to Miller
experiments

 The physicist’s approach: from complex
organisms to electronic wave-functions, and back ?
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d Miller’s experiment: philosophy, biology, Earth
science, chemistry... physics?

d 2014: can we retrace it, step by step, starting from
fundamental physics laws?

Nucleotides Chromatin

> . = -
‘ ‘i \“\ ~ ‘
o/ o
S - Lom— e
el —
0.2nm 10onm 535 mic

Atoms DNA helix

Blood vessels

ATOMS MOLECULES ORGANELLES CELLS TISSUES



[gi= Why are we here? Ll

d Miller’s experiment: philosophy, biology, Earth
science, chemistry... physics?

d 2014: can we retrace it, step by step, starting from
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What causes “Miller” prebiotic reactions?

1 External energy/temperature?

d Ionization?

] Electric field?
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d Miller’s experiment: philosophy, biology, Earth
science, chemistry... physics?

d 2014: can we retrace it, step by step, starting from
fundamental physics laws?

1. Solve the many-body Schréodinger equation

2. Finite-temperature exploration of phase and reaction
space

3. Apply an external electric field?



ADb initio calculations

d Many-electron problem: Slater, Hartree, Hartree-Fock

d Quantum chemistry: Meoller-Plesset, Configuration-
Interaction, Coupled-Cluster...
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Ab initio prebiotic chemistry?

d « Prebiotic » : 50,000+ hits

1 « Ab initio » AND « Prebiotic » :
115 hits

Results: 51,127 S
(from All Databases)

(Wumber of resulfs is approximate)

You searched for: TOPIC: ]

(prebiotic OR. abiogenesis OR abiotic
OR biopoiesis) ...More

Results: 115
{from All Databases)

You searched for: TOPIC:
(prebiotic OR abiogenesis OR abiotic
OR biopoiesis) AND TOPIC: (ab initio)
...More

[]
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Ab initio prebiotic chemistry

PAPER www.rsc.org/pccp | Physical Chemistry Chemical Physics

Deep-space glycine formation via Strecker-type reactions activated by ice
water dust mantles. A computational approach+

Albert Rimola,® Mariona Sodupe*” and Piero Ugliengo™®

Received 9th November 2009, Accepted 17th February 2010
First published as an Advance Article on the web 31st March 2010

a) Periodic system Cluster model
H

N
b) %
H
D SN
*
PN A
Full relaxation Partial optimizaton

AU#=7.2 keal mol! AU*=T7.8 keal mol!
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Ab initio-DFT calculations

d Many-electron problem: Slater, Hartree, Hartree-Fock

d Quantum chemistry: Meoller-Plesset, Configuration-
Interaction, Coupled-Cluster...

[ Density-Functional Theory (DFT)




Ab initio-DFT calculations

d Many-electron problem: Slater, Hartree, Hartree-Fock

d Quantum chemistry: Meoller-Plesset, Configuration-
Interaction, Coupled-Cluster...

[ Density-Functional Theory (DFT)

Eln]| =T;[n] + /d.3-r Ve (F)n(7) + Euln] + Exc[n]

V = 2 3.7 n'(,j;) 7 (a1 Y e S
1 Vea®) +& [ & L o v )| 95 = 5P

|7 — 7|

2m

[_ h2 Vo

n(r) = Z fi | ¥;(7) |2
7
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d Miller’s experiment: philosophy, biology, Earth
science, chemistry... physics?

d 2014: can we retrace it, step by step, starting from
fundamental physics laws?

d Many-body Schrodinger equation: Density Functional
Theory (1963) (W. Kohn, Nobel 1998)

d Finite temperature: Ab Initio Molecular Dynamics (1985)
(R. Car & M. Parrinello)
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Ab initio prebiotic chemistry

namre ARTICLES
ChemIStry PUBLISHED ONLINE: 12 SEPTEMBER 2010 | DOI: 10.1038/NCHEM.827

Synthesis of glycine-containing complexes in
impacts of comets on early Earth

Nir Goldman*, Evan J. Reed', Laurence E. Fried, |.-F. William Kuo and Amitesh Maiti
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Ab initio prebiotic chemistry

JAC'S =

pubs.acs.org/JACS

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

Peptide Synthesis in Aqueous Environments: The Role of Extreme
Conditions and Pyrite Mineral Surfaces on Formation and
Hydrolysis of Peptides

Eduard Schreiner,”" Nisanth N. Nair,” Carsten Wittekindt, and Dominik Marx
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d Miller’s experiment: philosophy, biology, Earth
science, chemistry... physics?

d 2014: can we retrace it, step by step, starting from
fundamental physics laws?

d Many-body Schrodinger equation: Density Functional
Theory (1963) (W. Kohn, Nobel 1998)

d Finite temperature: Ab Initio Molecular Dynamics (1985)
(R. Car & M. Parrinello)

d Apply an external electric field?



Electric field in ab initio calculations ?

d Density-Functional Theory (DFT)

Vo e [ @ 2 e D ) = e
ext(T) + € T -.i + xc(T-[n']) ‘#’J(r)—fjl.tb(')

 Plane-wave expansion

1 -
{.._'.',m_.E(T_'.) — - etk 'um‘,;(f")



Electric field in ab initio calculations ?

[ Density-Functional Theory (DFT)

2m :
{ — | — D
@ =315 |9
]

J Periodic Boundary Conditions (PBC)

h2 Vs s [.a., nr)
— r o - ‘2 \ { = — 3 ! l B | e
- + Vexe (7) + e /d r’ — + V(7 [n]) | ©5(F) = gj95(F)
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a1 SORBONNE UNIVER

Electric field in ab initio calculations ?

[ Density-Functional Theory (DFT)

WV , n(r
— 2t Vi (7) + € / &' 0L 4 ol )| () = 559
2m : |7 — 7|

n(7v) = Z fi |0;(® |
7

4 Periodic Boundary Conditions (PBC)
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Electric field in ab initio calculations ?

d Periodic boundary
conditions: sawtooth potential

d Low-D system: no problem

d Bulk system: unphysical !!
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d Miller’s experiment: philosophy, biology, Earth
science, chemistry... physics?

d 2014: can we retrace it, step by step, starting from
fundamental physics laws?

d Many-body Schrodinger equation: Density Functional
Theory (1963) (W. Kohn, Nobel 1998)

d Finite temperature: Ab Initio Molecular Dynamics (1985)
(R. Car & M. Parrinello)

4 Electric field in quantum mechanics: Berry-phase theory
of polarization (1983) (R. Resta, D. Vanderbilt, 1993)
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Electric field in ab initio calculations ?

 Periodic boundary
conditions: sawtooth potential EST(0 ] = EO[ Y] — € - P[]

L
d Low-D system: no problem Py = ~—Im(ln det S[{u;}]),
[ Bulk system: unphysical !! Sij = (Wil ™=l
_ 4w APF
4 Berry-phase theory of fo = F3 o L
polarization
VOLUME 89, NUMBER 15 PHYSICAL REVIEW LETTERS 7 OCTOBER 2002

Ab initio Molecular Dynamics in a Finite Homogeneous Electric Field

P. Umari and Alfredo Pasquarello
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In silico Miller experiments?

4 Start: simple molecules in aqueous
environment

Sparks stimulate
— lighting

[ End: glycine formation vapor — g & ?
" Atmospheric”

C _'}'
“Qceanic” T compartment E:-—E Condenser
compartment == cools gas
-
7

The or.ean is sampled and
Heat its composition analyzed
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In Silico Miller experimentS? 1881 SORBONNE UNIVERSITES

d Aldehydes & HCN intermediate products

[ Traditionally explained via Strecker
reaction




mc In silico Miller experiments — I Uome
Strecker reaction

d Intermediate steps: formaldehyde+HCN
NHo-CH2-CN + 2H50

NH,-CHy-CN + 2H,

4 Constant number of atoms in simulations: build up
a supercell compatible with Strecker reaction?

4 End and intermediate product, C:O:N:H =1:1:1:4

AMS and F. Saija, PNAS 111, 13768 (2014)
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mc In silico Miller experiments — I =5t
Strecker reaction

d Intermediate steps: formaldehyde+HCN
NHo-CH2-CN + 2H50

NH,-CH5-CN + 2H,

Prebiotic synthesis from CO atmospheres:
Implications for the origins of life

Shin Miyakawa*’, Hiroto Yamanashi*, Kensei Kobayashi*, H. James Cleaves®, and Stanley L. Miller*

*Department of Chemistry and Biotechnology, Faculty of Engineering, Yokohama National University, Yokohama 240-8501, Japan; and *Department of
Chemistry and Biochemstry, University of California at San Diego, La Jofla, CA 92093-0506

Contributed by Stanley L Miller, September 19, 2002



Ime In silico Miller experiments — I1 UMC
Strecker reaction
O Start mixture: 8+8+8+5+10=> C:O:N:H =18:18:18:72

o Pod o o0

[ Strecker intermediates: 9+9+9+9=>C:O:N:H=18:18:18:72

%, - A

d Strecker products: 9 + 9 = C:O:N:H = 18:18:18:72

2

AMS and F. Saija, PNAS 111, 13768 (2014)
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Strecker reaction

] Start mixture

y

?

[ Strecker intermediates

 Strecker products

o~

AMS and F. Saija, PNAS 111, 13768 (2014)
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Computational details

d Density-Functional Theory — Ab Initio Molecular Dynamics
d Plane-wave/pseudopotential approach (Quantum-Espresso)
35 Ry cutoff/PBE US pseudopotentials

d ~40-50 molecules, 126-160 atoms, 20-50 ps trajectories

1 1.0 gr/mL density, T =400 K

Q Electric fields: 0.0 - 0.5 V/A

AMS and F. Saija, PNAS 111, 13768 (2014)
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Strecker reaction

[ Start: Miller molecules in zero field

Mo 4 P o0

 Strecker intermediate step in zero field: higher energy!!

% - A

 Strecker final step: glycine and ammonia in zero field

2

AMS and F. Saija, PNAS 111, 13768 (2014)
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Strecker reaction

 Start: Miller molecules in strong fields

Mo Pd P e

d Spontaneous formation of formic acid and formamide!

x, A

AMS and F. Saija, PNAS 111, 13768 (2014)
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In silico Miller experiments — II =000

(Field-induced) Formation of formamide

%8 File  Display  Modify Tools  Help

|

Lighting:

[F [ [55]

AMS and F. Saija, PNAS 111, 13768 (2014)
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d Miller’s experiment: philosophy, biology, Earth
science, chemistry... physics?

d 2014: can we retrace it, step by step, starting from
fundamental physics laws?

d Many-body Schrodinger equation: Density Functional
Theory (1963) (W. Kohn, Nobel 1998)

d Finite temperature: Ab Initio Molecular Dynamics (1985)
(R. Car & M. Parrinello)

4 Electric field in quantum mechanics: Berry-phase theory
of polarization (1983) (R. Resta, D. Vanderbilt, 1993)

d Advanced thermodynamics: metadynamics (A. Laio &
M. Parrinello 2002)
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mc In silico Miller experiments — II  Xt...:

(Field-induced) Formation of formamide
 Free-energy landscape ? Metadynamics !

free energy

~—— reaction coordinate

s(x)
t

P(s) = lim 1/.dt d(s — s(z(t)))

t—oc t Jy

A. Laio & M. Parrinello, PNAS 99, 12562 (2002)
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(Field-induced) Formation of formamide
 Free-energy landscape ? Metadynamics !

X e
> S ,// \
./ \\ /’I \
/ = \\ : B .l [ \ -
/ ! /| C I3
V< | |
A | \ / e N
\ / e //
Y _ <
. ()
- . F(s) = —% log P(s)
o &b
/\—/\/\ 4 ¢—BF(s)
§) = -
1s'e—BF(s’)
> f( S €
s(x) _
t &)= —13 log (/ dx e PUE) §(s — S(:l.‘)))
;

P(s) = lim 1/.dt d(s — s(z(t)))

t—oc t Jy

A. Laio & M. Parrinello, PNAS 99, 12562 (2002)
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molecular dynamics
+

hystory-dependent bias potential |

free energy

UB(s,t) = e [ 8= 8(ti
S (S’ ) Z <t exp( 52

collective variable
175 O 7 SO

‘ accelerated exploration

reconstruction of the equil.
free energy landscape

lim UP(s,t) ~ —F(s)

t—o0

A. Laio & M. Parrinello, PNAS 99, 12562 (2002)
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(Field-induced) Formation of formamide
[ Free-energy landscape ? Metadynamics !

d Metadynamics study of formamide

CO + NH3 — HEUNHE — HCN + HE'D

1["]’["] 63.0%6.0 0.0 V/A
% ’)J‘J‘J}A /= 5000 T; N
M ’)' - J‘)ﬁg: / E 0,00 1 12.0-11.11\ —_—
At Mgt 7§ 50,00 N
fb"& "J’.J X .100,00
X J"’ A AL 2 150,00 ﬂ)—'%
A 3' > A -200,00

0.5 V/A

AMS and F. Saija, PNAS 111, 13768 (2014)
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mc In silico Miller experiments — 111 UoMmC
From formamide and formic acid to amino-acids
 Start: new molecules in strong fields

Mo B oo L”Y

J Formation of hydroxyglycine...

AMS and F. Saija, PNAS 111, 13768 (2014)



In silico Miller experiments — 111 UeoMmC
From formamide and formic acid to amino-acids
 Start: new molecules in strong fields

fJ‘?‘Uo-O 'L/}’)

..evolution into dehydroglycine...

AMS and F. Saija, PNAS 111, 13768 (2014)
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From formamide and formic acid to amino-acids
 Start: new molecules in strong fields

J’J"'J.'. L%)

.. and finally glycine !

AMS and F. Saija, PNAS 111, 13768 (2014)
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Prebiotic chemistry & formamide?

d Formamide not detected in Miller experiments (short life)

B “‘—’)%)‘—’J.JJ.'.

Q Forms glycine under discharge? A recent study!!

85. Walther L6b: Uber das Verhalten des Formamids unter
der Wirkung der atillen Entladung. Hin Beitrag zur Frage
der Stickstoff-Asasimilation.

[Aus der Chemischen Abteilung des Virehow-Krackenbauses zu Berlin.]
(Eingegangen am 10. Febr. 1913;: vorgetr. in der Sitzung am 9. Dezbr. 1912))

CO.NH; CO.NH, CH, .NH,

| o

9H.CO.NHy —
H.CO.NH: = (0 Nm, COOH COOH
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Prebiotic chemistry & formamide? =~

d Formamide not detected in Miller experiments (short life)

“H)L’)HJ%JO‘

0 Suggested as THE key compound in prebiotic chemistry

Available online at www.sciencedirect.com

SciVerse ScienceDirect PHYSICS of LIFE
reviews

oSl
ELSEVIER Physics of Life Reviews 9(2012) 84-104 0

www.elsevier.com/locate/plrey
Review HEN \T)L 0

Formamide and the origin of life

H
R
Raffacle Saladino®, Claudia Crestini®, Samanta Pino ¢, Giovanna Costanzo ¢, Ami no acids
Ernesto Di Mauro ©*
NH, NH, l
0

L ,_

L) P o)

-

NTON N O HJ-LNHE RJ\DH

Nucleic acid Formamide
bases

Carboxylic
acids
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Prebiotic chemistry & formamide? =

d Formamide not detected in Miller experiments (short life)
4’) &0 — B 00

d Involved in the “missing G” quest

CHEMBIOCHEM

DOI: 10.1.002/cbic.20100(')074 : ; - " o NH2
Guanine, Adenine, and Hypoxanthine Production in UV-Irradiated o hv l';'l J n
Formamide Solutions: Relaxation of the Requirements for Prebiotic Purine 8. T) HN T » NCE: >
Nucleobase Formation =Nk A N SN N
formamide guanine adenine

Hannah L. Barks,” Ragan Buckley,® Gregory A. Grieves,® Ernesto Di Mauro,” Nicholas V. Hud,** and
Thomas M. Orlando**
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Prebiotic chemistry & formamide ?

d Formamide not detected in Miller experiments (short life)

B “‘—’)%)‘—’J.JJ.'.

d Abundant in protostars
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Prebiotic chemistry & formamide? =

d Formamide not detected in Miller experiments (short life)

“‘_’%)‘_’J’JJ“

1 Observed in recent ab initio and experimental prebiotic
chemistry studies under different, “meteoritic” condition

nature

ARTICLES ARTICLES

PUBLISHED ONLINE: 12 SEPTEMBER 2010 | DOL 10.1038/NCHEM.827 PUBUSHED ONLINE: 15 SEPTEMEER 2013 | DOI- 10 3038 /NGED1930

nature
chemistry

Synthesis of glycine-containing complexes in
impacts of comets on early Earth
Nir Goldman*, Evan J. Reed’, Laurence E. Fried, I.-F. William Kuo and Amitesh Maiti

Delivery of prebiotic compounds to early Earth from an i ing comet is thought to be an unlikely mechanism for the
origins of life b of unf: ble chemical conditions on the planet and the high heat from impact. In contrast, we
find that impact-induced shock comp ion of y ices foll d by expansion to conditions can produce
complexes that resemble the amino acid glycine. Our ab initio lar dy i i show that shock waves
drive the synthesis of ient C-N bonded oli s at p and es. On post impact quenching
to lower pressures, the oligomers break apart to form a ble glycin ining lex. We show that impact from
© y ice could ibly yield amino acids by a hetic route independent of the p isting at pheric conditi

and materials on the planet.

geoscience

Shock synthesis of amino acids from impacting
cometary and icy planet surface analogues

Zita Martins'’, Mark C. Price? *', Nir Goldman®, Mark A. Sephton' and Mark J. Burchell?

Comets are known to harbour simple ices and the organic precursors of the bullding blocks of proteins—amino acids—that
are essential to life, Indeed, glycine, the simplest amino acid, was recently confirmed to be present on comet 819/ Wild-2
from wh d by NASA's Stard: ft. Impacts of icy bodies (such as comets) onto rocky surfaces, and,
equally, impacts of rocky bodies onto Icy surfaces (such as the jovian and saturnian satellites), could have been responsible
for the facture of these plex organic molecules through a pi of shock thesis. Here we pr lab ¥
experiments in which we shocked ice mi il to those found in a comet with a steel projectile fired at high velocities
in a light gas gun to test whether amino acids could be produced. We found that the hypervelocity impact shock of a typical

comet ice mixture produced several amino acids after hydrolysis, These include equal of D- and t-alanine, and the
non-protein amino acids isobutyric acid and i fine as well as their precursors. Our findings suggest a pathway for
the heti duction of the of p ins within our Solar System, and thus a potential pathway towards life

y P
through icy impacts,
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Prebiotic chemistry & formamide!! =~

d Formamide not detected in Miller experiments (short life)

e B “H,L’)HJ’JJO‘

Q At the crossroads of prebiotic chemistry (December2014)

High-energy chemistry of formamide: A unified
mechanism of nucleobase formation

Martin Ferus®®, David Nesvorny®, Jifi Sponer®d, Petr Kubelik™*®, Regina Michaltikova®, Violetta Shestivska®,
Judit E. Sponer®™-', and Svatopluk Civis™"

*). Heyrovsky Institute of Physical Chemistry, Aademy of Sciences of the Czech Republic, 18 23 Prague 8, Czech Republic; "Institute of Biophysics, Acdemy of
Sciences of the (zech Republic, 612 65 Brno, Czedh Republic; “Department of Space Studies, Southwest Research Institute, Boulder, CO 80302, “Central European
Institute of Technology, Masaryk University, 625 00 Bmo, Czedh Republic and “Institute of Physics, Ac@demy of Sciences of the Czech Republic, 182 21 Prague,
Czech Republic

PN AN

This Feature Article & part of 2 sernes identified by the Editorial Board as reporting findings of exceptional significance.



e Ueomc

Prebiotic chemistry & formamide!! =

d New full-fledged ab initio metadynamics calculations of the
formamide breakdown
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1 Origins of life: from Aristotle to Miller
experiments

 The physicist’s approach: from complex
organisms to electronic wave-functions, and back ?

J Ab initio prebiotic chemistry and in silico Miller
experiments

[ Perspectives and conclusions



Mineral surfaces field-induced
prebiotic chemistry?

Extraterrestrial Delivery

Liquid/Ice Phase Reactions:

Conditions on parent
bodies/space?

Atmospheric Synthesis

Co,, CO, N,, H,S, H,0, CH,?
Gas Phase Reactions: hy, ED,
starting gases
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' Interfacial Chemist
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CO,, NH;, H,S, H,0?
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interactions, UV?
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Surface electric field in liquid systems?
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Strong electric fields at
water/mineral interfaces

 Surface field: short-ranged,
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but around few V/A
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Strong electric fields at
water/mineral interfaces

J Surface field: short-ranged,
but around few V/A

 Surface-field-induced
“Miller” chemistry and
beyond?




mc In silico Miller experiments, UeoMmC
what gives ? Madness !!

G AME RIC AN

la ReWbbllca W CAmgn:iséyfor Life® USA%

e LLRecherche T
i LA STAMPA

SCIENCES £7 SCIENCE!T
AVE N IR Sapere:: e s s e Treccant.it
M LesEchos @y, U2MC

Le Scienze SPAcepany BRIV

ur portal to



http://www.selab.isti.cnr.it/ws-mate/cnrBlue.jpg
http://www.selab.isti.cnr.it/ws-mate/cnrBlue.jpg

UPMC

mc In silico Miller experiments,
what gives ? Madness !!

Dr. Stanley Miller (1930-2007), like Frankenstein, stands proudly, arms akimbo, behind his
lightning-bolt flask in a piece on Astrobiology Magazine. Yes, he got some glycine and other

M ITTT L
¥ 3 | . . . . .
) &t The Miller Experiment Is Dead; Long Mow, to keep the dream alive, Antonina Marco Saitta and colleagues at the Sorbonne in Paris

o
have re-examined Miller's experiment at the quantum level. This, presumably, will breathe new

'Cﬁh;s‘lg. Live the Miller Experiment
; ,}_‘:‘B:J life into the old icon. In computer simulations, they got the glycine all right, and discovered

) f Sepineshey 1) 114 o Darwin and Evolubie Durd 1daas, Edota
Megia, Onsgim of Life, Philosopty of Scumce, Physics

Sixty-one years now the evolutionists (and NASA, with tax funding), have promoted the

Building Blocks of Lie with their Miller icon. We've been crying out like a voice in the
wilderness about this phony icon for over a decade (5/02/03). What will it take to get the
liars to fess up? They know full well that this experiment has nothing to do with life, but
they continue milking it of all the propaganda value they can get to promote atheistic
matenalism. Debunking the “useful lie” requires some knowledge of organic chemistry

and Orgel falsifying each other. Read Meyer's Signature in the Cell. Whatever you do,
help stop this scientifically-vacuous, emotionally-poisoned propaganda from doing any
more damage to impressionable minds.
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d Ab initio metadynamics & topological variables: a powerful
theoretical and computational approach

d Ab initio Miller experiments and ab initio prebiotic
chemistry

J Formamide identified (again) as a key prebiotic chemistry
compound

d Open question: role of natural surface electric field in
chemistry and reactivity

d Perspectives: Electric-field-induced chemistry of materials ?



2UPMC 8.

0B8RI SORBONNE UNI\'['RSIT(‘S

Thanks to:
Franz Saija, IPCF — Messina, CNR

® e
Francois Gliyot - Museum National d’"Histoire Naturelle
Fabio Pietrucci - UPMC
Rodolphe Vuilleumier — Ecole Normale Supérieure/UPMC*

:
& 2

£ R

Giuseppe Cassone — UPMC'& University of Messina
Sara Laporte - UPMC

w

O xy \ 1 g Apence Nationale de la Recherche
¥ ilec France I :. €OUIP@MESO E



