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1 Preamble
1.1 My Agenda

1. Evangelism
2. Interest

3. Persuasion

1.2 Overlap Between Science and Public Square

Both scientists and culture warriors are interested in the question of:

chance, necessity, or design.

See Dembski & Tour (2023, https://idthefuture.com/1824/), Axe (2017), Meyer
(2009).

2 Chance, Necessity and Design

‘ ‘ But now if you had two sorts of things, the one of which presents
no clue as to what it is for, and the other is obviously for some useful
purpose—which would you judge to be the result of chance, which of
design?

XENOPHON’S SOCRATES,
MEMORABILIA, 4.2-7 (TR. H. G. DAKYNS)




2.1 History of Chance, Necessity and Design
1. Ancient Thinkers
1) Xenophon’s Socrates on Chance vs Design (Memorabilia)

i1) Aristotle on Chance vs Necessity (Physics 11, 4-6)
iii) Philo (On the Creation)

2. Medieval Thinkers
1) Hallevi & Maimonides (Wolfson, 1941)
ii) Thomas Aquinas (Feser, 2019)

3. Modern Thinkers
1) Jacques Monod (1974) on Chance & Necessity. See also (de Duve, 2007).
i1) Stephen Meyer, inference to the best explanation (Meyer, 1991, 2009)

2.2 The Exclusiveness of Chance, Necessity and Design

1. The Briggs—Rauscher oscillating reaction
i) Demonstration of the Reaction: I*> to I** to I"!

a) Bulk rates can be used with time-variable rate-constants to indicate oscillating
behavior, but with no explanation as to why.

b) Full description of this process requires a network containing at least 30 differ-
ent reactions that include an autocatalytic cycle (Epstein and Pojman, 1998).

ii) Necessity: “Nature is everywhere and always the same” (Spinoza). If the initial
conditions are the same, the reaction will proceed the same.

iii) Chance:
a) Macroscopic: The initial conditions are never identical, and subtle differences

from one run to the other mean there is a chance component.

b) Microscopic: Chance collisions between different molecules, atoms and ions
result in the macroscopic process: “order from disorder” (Schrodinger, 1944).

iv) Design:

a) Macroscopic: Chemicals, beakers, spatulas, etc., were intelligently designed.
Experiment was intelligently designed; not likely to occur spontaneously.

b) Microscopic: Design intuition is even stronger when it comes to the sequence
of reactions, which is far more carefully balanced and orchestrated than any
of the actions of the experimentalist or other designers. This appears like a
“signature of the divine” (Marilynne Robinson, Genesis). What do we do
with our intuition?



2. Necessity of the Philosophers (Kripke, 1980) vs. Necessity of the Scientists
1) Logical Necessity
i1) Metaphysical Necessity

i11) Nomological Necessity

3. Varieties of Chance (Alexander, 2018, 2020, 2022)
1) Epistemic, Ontological and Metaphysical Chance
i) Chance and Randomness

ii1) Chance and Stability

4. Design and Varieties of Divine Activity

1) Processes explained by chance and necessity may also require explanation of de-
sign, regardless of the activity of the designer God, going from deism to occasion-
alism. See Kojonen (2021).

ii) Occasionalism as a toy model:

a) Occasionalism is a respected position with a long history, especially in Islam
and Reformed Protestantism (Fakhry, 2013; Crisp, 2016; Malik, 2021).

b) Diffuses ID-related concerns.

c) Any model that has God acting in the lab the same was as in the wild will do
the same.

d) This is not the same as methodological naturalism (Baker, 2013).

e) Trivially exhaustive.

2.3 The Exhaustiveness of Chance, Necessity and Design

1. Given occasionalism, design is trivially exhaustive.

1) Even here, we may understand the regularity of divine activity in terms of chance
and necessity; are these now exhaustive?

i1) Other models of divine activity distinguish primary and secondary causes. Here,
some events may not be directly caused by God.

2. It seems the non-mechanical nature of life (Nicholson, 2019) and its convergent evolu-

tion (Louis, 2016; Kojonen, 2021), admits to purpose. Purpose-language is not easily
folded into either chance or necessity.

1) Teleology has been popular among certain philosophical schools (Feser, 2019;
De Haan, 2017).

ii) A teleological/teleonomical approach is gathering interest among origins of life
researchers and biologists (Corning et al., 2023).

iii) Cosmological fine-tuning (Lewis and Barnes, 2016) may also be explained in ways
that may require some other category.



3 Origins of Life: A Scenario

3.1 Some Context: What Does Life Need?

1. Overview of origins of life. Two very useful resources are Eigen (2013) and Fahrenbach
and Cleaves (2024).

2. Some assumptions:

1) Life is made of chemistry (even though life is not chemistry; see C.S. Lewis).
i1) The origins of life is at its core a synthetic chemistry problem.

ii1) Origins of life involves many other fields.

iv) This work requires an interdisciplinary approach, with great epistemic humility
(Preiner et al., 2020; Lane and Xavier, 2024).

v) Life originated without the involvement or interference of a finite intelligent agent
(Rimmer and White, 2024).

vi) Life originated on Earth.

3. Four things life needs: what life as we know it has.
1) Informational polymer: deoxyribonucleotides, ribonucleotides.
ii) Kinetic control: proteins, ribozymes.

ii1) Containment: phospholipid membranes.

iv) Metabolism: CTA Cycle.

v) LOTS of scenarios center around the argument: which of these happened
first?

vi) Life as we know it has all these things mixed up — chicken-and-egg problems.

3.2 The Scenario

Text in bold refers to coincident events or conditions where the process is aimed in some
way at the same outcome as that sought by the prebiotic chemist.

1. Earth formed roughly 4.5 billion years ago (Zahnle et al., 2010).

1) Moon-forming impact took place roughly 4.4 billion years ago. Even if Earth’s
surface were habitable before this event, the moon-forming impact would have
been completely sterilizing, and resetting (Zahnle et al., 2010).

ii) Subsequent volcanic atmosphere is warm and redox-neutral: CO,, N,, CO, H,0
(Zahnle et al., 2010).

2. A subsequent giant impact, much smaller than the moon-forming impact, evaporated

most of the ocean (Genda et al., 2017). Only probable within the first couple hundred
million years from Earth’s formation.



1) The iron reacted with the water to reduce the atmosphere: H,, N,, CHy, CO, NH3,

H,0. This atmosphere would have survived for roughly a million years (Genda
et al., 2017; Zahnle et al., 2020).

ii) Subsequent photochemistry formed HCN, HC;N, and many other compounds.
High chemical diversity, high chemical complexity (Wogan et al., 2023). Counter-
intuitively, this is very bad for prebiotic chemistry (Rimmer and White, 2024).

ii1) Rainout and tarrification (Wogan et al., 2023): more reactions on the surface and
in water, even worse for prebiotic chemistry.

3. Processing of the tar in the Earth’s crust.

1) Tar is incorporated into the crust from subduction, sinking, or subsequent impact
(Rimmer and Shorttle, 2024).

i1) Tar is heated by volcanism at much higher temperatures than magma reaches
on Earth today (Rimmer and Shorttle, 2024).

iii) The vast majority of the carbon in the tar is converted into graphite, leaving be-
hind molecular species that are either effectively inert: H,, CO, H,0, CHy, CO,,
N,; or are the same species chosen by organic chemists for prebiotic synthetic
reactions: HCN, HC;N, CH;NC, HNC and H,S (Rimmer and Shorttle, 2024).
Much lower chemical diversity, and even lower chemical complexity.

iv) Bubbles through surface hydrothermal vent (Rimmer and Shorttle, 2019, 2024).

v) Surface hydrothermal vents fortuitously meet many of the requirements for a
diverse set of prebiotic chemical reactions (Barge and Price, 2022; Rimmer
and Shorttle, 2024; Matreux et al., 2024).

4. Ultraviolet photochemistry with cyanide and other nitriles. For a comprehensive review,
see (Green et al., 2021). This involves light from stars like the sun, and in environments
without much atmospheric oxygen.

1) Surface hydrothermal vents will bubble up this reducing gas along with some more
oxidizing gas, such as SO, (Rimmer and Shorttle, 2019).

ii) The SO, will react with water to form sulfite, an anion. Ultraviolet light of solar
intensity will efficiently detach an electron from the sulfite, which can go on to
reduce HCN twice. Subsequent reactions result in formaldehyde. The same re-
action can occur with formaldehyde and HCN to form simple sugars (Ritson and
Sutherland, 2012; Xu et al., 2018).

111) Sugars will react with NH,CN to form several ribo-aminooxazolines, along with
other imidazoles and oxazoles (Patel et al., 2015).

1v) The ribo-aminooxazolines can crystalize and will naturally sort themselves, not
only by type but by chirality, preserving almost exclusively a single chirality of
ribo-aminooxazoline (Ozturk et al., 2023).

v) The D-ribo-aminooxazolines react with cyanoacytelene to form D-ribonucleotides
(Powner et al., 2009; Patel et al., 2015).



vi) Many of the byproducts and side products of the reaction will, in certain circum-
stances, form half a dozen amino acids and phospholipids (Patel et al., 2015)

vii) Other side products, such as the imidazoles, will fortuitously react with CH;NC,
attaching themselves to amino acids, nucleotides and phospholipids, activating
them, and joining them together in the same way enzymes join these molecules
together in living systems (Mariani et al., 2018; Liu et al., 2020).

viii) These activating agents will also join nucleotides to amino acids, showing some
fortuitous patterns that resemble the second genetic code in life as we know it (Su
et al., 2023). The selected amino acids also tend to have the opposite handedness
of the nucleotide, so R-nucleotides select L-amino acids (Ozturk et al., 2023b).

ix) The aftermath of the giant impact will have cooled the Earth’s surface (Kadoya
et al., 2020), freezing and raising the pH at the edges of the hydrothermal vents,
which helps favor the kinetics for productive chemistry (Todd et al., 2019; Rimmer
et al., 2021; Todd et al., 2022).

x) It also just happens that the nucleotides that are produced by photochemistry,
also the ones used by life, are the nucleotides that are most resistant to ultravio-
let degradation, and in these chemical environments, can even self-repair (Kufner
et al., 2024).

5. Subsequent steps - Emergent behavior in chemical systems.

1) Many of these chemical environments may begin to exhibit certain self-organizing
behaviors. Prebiotic chemical networks like the one invoked in this scenario al-
ready contain within themselves autocatalytic cycles (Robinson et al., 2022; lane-
selli et al., 2023), and can meet the general evolution criteron for stable non-
equilibrium systems (Glansdorff and Prigogine, 1971; Pascal et al., 2013). Be-
haviors, in other words, similar to but also transcending the behavior of the
Briggs—Rauscher oscillating reaction.

i1) The exhibition of these behaviors may be highly contingent, implying that life is
possibly rare or even unique to Earth (Rimmer, 2023).

iii) Some of these systems seem to exhibit a natural “do-nothing chemistry” (Fukuoka,
2009; Rimmer and White, 2024), that can match all the assumptions and criteria
mentioned above.

4 Concluding Remarks

This may well not be the only scenario that exhibits this behavior, or even the most likely
scenario. [ hypothesize that the teleological character of many of the sequences in this scenario
is a sign of being on the right track, and that future signatures of teleology will indicate fruitful
new research avenues. I plan to take this approach in my own research for the next few years,
and will find out how successful this approach turns out to be.



References

Alexander, D. (2018). Is There Purpose in Biology?: The cost of existence and the God of
love. Monarch Books.

Alexander, D. (2020). Is evolution a chance process? Scientia et Fides 8(2), 15-41.
Alexander, D. (2022). Evolution, chance, necessity, and design. Zygon 57(4), 1069—1082.

Axe, D. (2017). Undeniable: How Biology Confirms Our Intuition That Life Is Designed.
HarperOne.

Baker, L. R. (2013). Naturalism and the first-person perspective. Oxford University Press.

Barge, L. M. and R. E. Price (2022). Diverse geochemical conditions for prebiotic chemistry
in shallow-sea alkaline hydrothermal vents. Nature Geoscience 15(12), 976-981.

Corning, P. A., S. A. Kauffman, D. Noble, J. A. Shapiro, and R. 1. Vane-Wright (2023).
Evolution” On Purpose": Teleonomy in Living Systems. MIT Press.

Crisp, O. (2016). Jonathan edwards and occasionalism. In K. W. Giberson (Ed.), Abraham’s
Dice: Chance and Providence in the Monotheistic Traditions, Chapter 10, pp. 195-214.
Oxford University Press.

de Duve, C. (2007). Chance and necessity revisited. Cellular and Molecular Life Sci-
ences 64(24), 3149-3158.

De Haan, D. D. (2017). Hylomorphism and the new mechanist philosophy in biology, neu-
roscience, and psychology. In W. M. Simpson, R. C. Koons, and N. J. Teh (Eds.), Neo-
Aristotelian perspectives on contemporary science, pp. 293-326. Routledge.

Eigen, M. (2013). From strange simplicity to complex familiarity: a treatise on matter, infor-
mation, life and thought. Oxford University Press.

Epstein, 1. R. and J. A. Pojman (1998). An Introduction to Nonlinear Chemical Dynamics:
Oscillations, Waves, Patterns, and Chaos. Oxford University Press.

Fahrenbach, A. and H. J. Cleaves (2024). Prebiotic Chemistry. Oxford University Press.

Fakhry, M. (2013). Islamic occasionalism: And its critique by Averroes and Aquinas. Rout-
ledge.

Feser, E. (2019). Aristotle’s revenge: the metaphysical foundations of physical and biological
science. Editiones Scholasticae.

Fukuoka, M. (2009). The one-straw revolution: an introduction to natural farming. New York
Review of Books.



Genda, H., R. Brasser, and S. J. Mojzsis (2017). The terrestrial late veneer from core disrup-
tion of a lunar-sized impactor. Earth and Planetary Science Letters 480, 25-32.

Glansdorff, P. and I. Prigogine (1971). Thermodynamic Theory of Structure, Stability and
Fluctuations. Wiley.

Green, N.J.,J. Xu, and J. D. Sutherland (2021). Illuminating life’s origins: Uv photochemistry
in abiotic synthesis of biomolecules. Journal of the American Chemical Society 143(19),
7219-7236.

Ianeselli, A., A. Salditt, C. Mast, B. Ercolano, C. L. Kufner, B. Scheu, and D. Braun (2023).
Physical non-equilibria for prebiotic nucleic acid chemistry. Nature Reviews Physics 5(3),
185-195.

Kadoya, S., J. Krissansen-Totton, and D. C. Catling (2020). Probable Cold and Alkaline Sur-
face Environment of the Hadean Earth Caused by Impact Ejecta Weathering. Geochemistry,
Geophysics, Geosystems 21(1), e2019GC008734.

Kojonen, E. V. R. (2021). The Compatibility of Evolution and Design. Palgrave.
Kripke, S. A. (1980). Naming and necessity. Harvard University Press.

Kufner, C. L., S. Crucilla, D. Ding, P. Stadlbauer, J. Sponer, J. W. Szostak, D. D. Sasselov, and
R. Szabla (2024). Photoinduced charge separation and dna self-repair depend on sequence
directionality and stacking pattern. Chemical Science 15(6), 2158-2166.

Lane, N. and J. C. Xavier (2024). To unravel the origin of life, treat findings as pieces of a
bigger puzzle. Nature 626(8001), 948-951.

Lewis, G. F. and L. A. Barnes (2016). A Fortunate Universe. Cambridge University Press.

Liu, Z., L.-F. Wu, J. Xu, C. Bonfio, D. A. Russell, and J. D. Sutherland (2020). Harnessing
chemical energy for the activation and joining of prebiotic building blocks. Nature Chem-
istry 12(11), 1-6.

Louis, A. A. (2016). Contingency, convergence and hyper-astronomical numbers in biological
evolution. Studies in History and Philosophy of Science Part C: Studies in History and
Philosophy of Biological and Biomedical Sciences 58, 107-116.

Malik, S. A. (2021). Islam and evolution: Al-Ghazalt and the modern evolutionary paradigm.
Taylor & Francis.

Mariani, A., D. A. Russell, T. Javelle, and J. D. Sutherland (2018). A light-releasable po-
tentially prebiotic nucleotide activating agent. Journal of the American Chemical Soci-
ety 140(28), 8657-8661.

Matreux, T. and Aikkila, P. and Scheu, B. and Braun, D. and Mast, C. B. (2024). Heat flows
enrich prebiotic building blocks and enhance their reactivity. Nature 628(8006), 110-116.



Meyer, S. C. (1991). Of clues and causes: a methodological interpretation of origin of life
studies. Ph. D. thesis, Cambridge University.

Meyer, S. C. (2009). Signature in the Cell: DNA and the Evidence for Intelligent Design.
Zondervan.

Monod, J. (1974). On chance and necessity. Springer.

Nicholson, D. J. (2019). Is the cell really a machine? Journal of Theoretical Biology 477,
108-126.

Ozturk, S. F.,, Z. Liu, J. D. Sutherland, and D. D. Sasselov (2023). Origin of biological ho-
mochirality by crystallization of an RNA precursor on a magnetic surface. Science Ad-
vances 9(23), eadg8274.

Ozturk, S. F.,, D. D. Sasselov, and J. D. Sutherland (2023b). The central dogma of biological
homochirality: How does chiral information propagate in a prebiotic network? Journal of
Chemical Physics 159(6), 061102.

Pascal, R., A. Pross, and J. D. Sutherland (2013). Towards an evolutionary theory of the origin
of life based on kinetics and thermodynamics. Open biology 3(11), 130156.

Patel, B. H., C. Percivalle, D. J. Ritson, C. D. Duffy, and J. D. Sutherland (2015). Common
origins of RNA, protein and lipid precursors in a cyanosulfidic protometabolism. Nature
Chemistry 7(4), 301-307.

Powner, M. W., B. Gerland, and J. D. Sutherland (2009). Synthesis of activated pyrimidine
ribonucleotides in prebiotically plausible conditions. Nature 459(7244), 239-242.

Preiner, M., S. Asche, S. Becker, H. C. Betts, A. Boniface, E. Camprubi, K. Chandru,
V. Erastova, S. G. Garg, N. Khawaja, G. Kostyrka, R. Machné, G. Moggioli, K. B. Mu-
chowska, S. Neukirchen, B. Peter, E. Pichlhifer, A. Radvanyi, D. Rossetto, A. Salditt,
N. M. Schmelling, F. L. Sousa, F. D. K. Tria, D. Vorés, and J. C. Xavier (2020). The Future
of Origin of Life Research: Bridging Decades-Old Divisions. Life 10(3), 20.

Rimmer, P. and O. Shorttle (2019). Origin of Life’s Building Blocks in Carbon- and Nitrogen-
Rich Surface Hydrothermal Vents. Life 9(1), 12.

Rimmer, P. B. (2023). Origins of life on exoplanets. In S. K. Smoukov, J. Seckbach, and
R. Gordon (Eds.), Conflicting models for the origin of life, pp. 407-424. Wiley.

Rimmer, P. B. and O. Shorttle (2024). A Surface Hydrothermal Source of Nitriles and Isoni-
triles. Life, 14(4), 498

Rimmer, P. B., S.J. Thompson, J. Xu, D. A. Russell, N.J. Green, D. J. Ritson, J. D. Sutherland,
and D. P. Queloz (2021). Timescales for Prebiotic Photochemistry Under Realistic Surface
Ultraviolet Conditions. Astrobiology 21(9), 1099-1120.



Rimmer, P. B. and S. White (2024). Do-Nothing Chemistry. The One-Nitrile Revolution.
Chemical Accounts, Submitted.

Ritson, D. and J. D. Sutherland (2012). Prebiotic synthesis of simple sugars by photoredox
systems chemistry. Nature Chemistry 4(11), 895-899.

Robinson, W. E., E. Daines, P. van Duppen, T. de Jong, and W. T. S. Huck (2022). Envi-
ronmental conditions drive self-organization of reaction pathways in a prebiotic reaction
network. Nature Chemistry 14(6), 623-631.

Schrodinger, E. (1944). What Is Life? The Physical Aspect of the Living Cell. Cambridge
University Press.

Su, M., C. Schmitt, Z. Liu, S. J. Roberts, K. C. Liu, K. Roder, A. Jdschke, D. J. Wales, and J. D.
Sutherland (2023). Triplet-encoded prebiotic rna aminoacylation. Journal of the American
Chemical Society 145(29), 15971-15980.

Todd, Z. R., G. G. Lozano, C. L. Kufner, D. D. Sasselov, and D. C. Catling (2022). Ferro-
cyanide survival under near ultraviolet (300-400 nm) irradiation on early Earth. Geochimica
et Cosmochimica Acta 335, 1-10.

Todd, Z. R., R. Szabla, J. W. Szostak, and D. D. Sasselov (2019). Uv photostability of three
2-aminoazoles with key roles in prebiotic chemistry on the early earth. Chemical Commu-
nications 55(70), 10388-10391.

Wogan, N. F,, D. C. Catling, K. J. Zahnle, and R. Lupu (2023). Origin-of-life Molecules in
the Atmosphere after Big Impacts on the Early Earth. Planetary Science Journal 4(9), 169.

Wolfson, H. A. (1941). Hallevi and maimonides on design, chance and necessity. In Proceed-
ings of the American Academy for Jewish Research, Volume 11, pp. 105-163. JSTOR.

Xu, J., D. J. Ritson, S. Ranjan, Z. R. Todd, D. D. Sasselov, and J. D. Sutherland (2018).
Photochemical reductive homologation of hydrogen cyanide using sulfite and ferrocyanide.
Chemical Communications 54(44), 5566-5569.

Zahnle, K., L. Schaefer, and B. Fegley (2010). Earth’s earliest atmospheres. Cold Spring
Harbor perspectives in biology 2(10), a004895.

Zahnle, K. J., R. Lupu, D. C. Catling, and N. F. Wogan (2020). Creation and Evolution of
Impact-generated Reduced Atmospheres of Early Earth. Planetary Science Journal 1(1),
11.

10



