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Forging the Building Blocks of Life

An Analytical Breakdown of Chemical Evolution
& S.L. Miller's 1953 Experiment

Meta-Data
Subject: Evolutionary Biology
Focus: Origin of Life (Section 6.1)

Core Theory: Oparin-Haldane Hypothesis




The Hostile Stage: Earth 4.5 Billion Years Ago o¥
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5 Molten Surface

Extremely high
temperatures driven by
relentless volcanic
activity.
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Unfiltered UV rays split
atmospheric water into
Hydrogen and Oxygen. The
lighter H, escapes.
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The early atmosphere was highly
REDUCING. The absence of free
oxygen was necessary to allow
chemical bonds to form and persist
without immediately oxidizing.

CRITICAL PREREQUISITE:
NO FREE OXYGEN




The Blueprint for Chemical Evolution A
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The Proposers The Transformation Bridge
Inorganic Constituents
Raw elemental gases and compounds
Oparin Haldane Chemical Evolution
R ey The crucible of intense heat and energy
5
The Claim:

The first forms of life arose
from pre-existing, non-living

Diverse Organic Molecules
organic molecules. RNA, proteins—the essential precursors to life




The Primordial Recipe Dashboard

Chemical Inputs

Energy Catalysts
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(H) O (H) (0 [L; Continuous high temperature
(H) (H) (H) maintained exactly at 800°C.

; High-voltage electric discharges
NH, (Ammonia) H,0 (Water Vapour) _ ltage ‘
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You’'ve Learned the Theory.

Let's Test Them Now.

Turn theory into marks with unlimited MCQs, smart analysis, and focused revision.

PracticeNow —) Atprep.topall.app

© Free Study Material, Videos & Infographics © Practice Unlimited MCQs for NEET & JEE

© Push Your Limits with Level-Based Challenges © Get Clear Explanations, Not Just Marks

© Climb the Leaderboard Among Fellow Aspirants © Track Your Performance Smarter




Simulating the Unseen: From Planet to Flask A
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| . Miller’s Laboratory
Apparatus

Early Earth Phenomena (%

Boiling Water Flask

Primordial Ocean (Continuous H,O vapour source)

N

Tungsten Electrodes

Volcanic Lightning (High-voltage spark discharge)

Gas Mixture Flask

Reducing Atmosphere E 1 (CH,, H,, NH, isolation)

: : ; Glass Condenser
S SgenTI G PUISHE. SERMY 417 (Cools gases back into liquid)




S.L. Miller's Closed-System Apparatus (1953)
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Gas Mixture: Spark Discharge:
Contains CH,, NH;, H,, and Tungsten electrodes simulate
H,O vapour. ~ 800°C volcanic lightning.
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, Boiling p \
. e Condenser:
The Trap: Collects water Heating Clrcula’ges Eﬂ.ld wat_er 4y {.mnl
i ; gases, simulating ancient rainfall.
containing newly synthesized mantle L g
organic compounds.
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Boiling Water: Heated flask
simulates the hot primordial
ocean evaporation.
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The Continuous Cycle of Chemical Evolution A
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Step 2: Excitation

Vapor mixes with CH,, H,, and NH,,
Electrodes fire high-voltage sparks,

breaking molecular bonds.
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Step 1: Vaporization

Boiling water creates steam,
pushing H,0 vapor upward into
the main chamber.
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Step 4: Accumulation
Condensed liquid pools in the U-trap.
The continuous loop concentrates chaotic gas mixture, forcing it back

synthesized molecules over days. into liquid state.
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Step 3: Condensation

The condenser cools the energized,




The Results: Forging the Organic Soup 4
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OK8 : (?/ Corroborating
_‘_ﬂ) The Discovery - Eotenis
Observation: After days of continuous operation, Meteorite Analysis: Deep
the trapped liquid turned turbid and deep red. space meteorites reveal

identical organic

; Wi ; : compound profiles.
Major Finding: Amino Acids were successfully

synthesized entirely from raw inorganic gases. : e
Chemical evolution is not

_ e _ unique to Earth; similar

Subsequent Studies: Later variations yielded foundational processes

sugars, nitrogen bases, pigments, and fats. occur elsewhere in the
COSMOS.




The Macro-Insight: Bridging the Inorganic Divide é%

j.\_g Validated by |
| Miller's Experiment

Inorganic Chaos Chemical Evolution Biological Evolution
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Inorganic Chaos Chemical Evolution Biological Evolution

Raw elemental gases and Spontaneous formation of giant The first self-replicating metabolic
extreme environmental energy:. organic molecules (RNA, proteins) capsules (single cells) emerge
~3 billion years ago. ~2 billion years ago.

Miller's experiment did not create life in a flask. It proved that the immutable laws of physics and chemistry on a hostile early
Earth could spontaneously forge the necessary building blocks of life, writing the first chapter of terrestrial biodiversity.
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