MICRO LIGHTNING - SCIENCE & TECHNOLOGY

NEWS: A new study offers a fresh perspective on the origins of life, suggesting that tiny
sparks generated by water droplets could have created the organic compounds necessary for
life.

o This adds to the long-debated Miller-Urey hypothesis, which proposed that
lightning strikes triggered the formation of life-building molecules.

WHAT’S IN THE NEWS?
Origin of Life
1. Definition of Origin of Life

o The origin of life refers to the theoretical representation of the emergence of life,
starting from a prebiotic chemical state to the formation of cellular life forms.

o It explores the chemical and environmental conditions that led to the development
of organic molecules, proteins, and primitive cells on early Earth.

2. The Mystery of Life’s Origins
2.1 Earth’s Early Chemistry

e Approximately 4.6 billion years ago, Earth had a mix of various chemicals but
lacked organic molecules essential for life.

e Organic molecules, particularly those containing carbon-nitrogen bonds, are
necessary for forming proteins, enzymes, and genetic material (DNA, RNA).

2.2 The Big Question

o How did these organic molecules form naturally on Earth, eventually leading to the
emergence of primitive life?

o Scientists propose that chemical reactions in Earth's early environment may have
synthesized the first biomolecules, setting the stage for life’s evolution.

3. The Miller-Urey Hypothesis
3.1 Origin and Proposal
e Proposed in 1952 by American chemist Stanley Miller and physicist Harold Urey.



o Suggests that the organic compounds essential for life could have formed through
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chemical reactions triggered by natural energy sources, such as lightning strikes.
3.2 The Miller-Urey Experiment (1952)

o Miller and Urey created a closed laboratory setup mimicking early Earth’s
atmospheric conditions.

e A mixture of water vapor, methane (CHa), ammonia (NHs), and hydrogen (H:)
was exposed to electric sparks (simulating lightning).

o After a few days, the experiment produced amino acids and other organic
molecules, essential building blocks of life.

3.3 Criticism of the Hypothesis
e Some scientists argued that:

e Lightning strikes were rare and mostly occurred over open oceans, where
organic molecules would quickly disperse.

e The early Earth's atmosphere composition might have been different from
what Miller-Urey assumed.

e This made the hypothesis less plausible as the sole explanation for the origin
of life.

4. New Study on Micro Lightning in Water Droplets (Stanford University)
4.1 Key Findings of the Study

e A study by Stanford University suggests that water sprays, such as those from
crashing waves, waterfalls, and mist, can generate organic compounds without
external electricity.

o It proposes that the chemical reactions needed for life could have occurred in water
droplets due to micro lightning discharges.



4.2 How It Works?

o When water droplets break apart, they can create tiny electric charges, similar to
small-scale lightning.

o This natural electrical activity within droplets triggers chemical reactions,
producing amino acids and organic molecules.

5. Significance of the New Study
5.1 Support for the Miller-Urey Hypothesis

e The study addresses previous criticisms of the Miller-Urey experiment by
demonstrating that similar organic molecule formation could have occurred without
large lightning strikes.

5.2 Overcoming Limitations of Lightning Theory

e Unlike lightning strikes, which were infrequent, water sprays were abundant and
widespread on early Earth.

o This makes the process a more plausible explanation for how life’s essential
organic molecules originated.

Source: https://indianexpress.com/article/explained/explained-sci-tech/microlightning-water-
droplets-life-earth-9891088/
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