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A common question faced by any student in high school is the atmospheric composition of the Earth.
What is Earth’s atmosphere made of?
When this question is posed to students, the instant answer is usually: 78% nitrogen, 21% oxygen, 0.9% argon, and 0.1% other gases. Is this wrong? It’s not so much about right or wrong; it misrepresents the nature of science which is evolutionary. What does this mean?
Decades of research by geologists and atmospheric chemists has told us that the Earth was formed 4.5 billion years ago. Earth’s atmosphere has undergone many changes from the time of the formation of Earth.
BOX on How was our Solar System formed?
This happened many billions of years ago. The popular science writer Sam Kean imagined the formation of Earth in the book Caeser’s Last Breath as
“Around 4.5 billion years ago, a supernova detonated in our neck of the cosmos and sent a shock wave into space. This shock wave plowed into a sea of mostly hydrogen gas that happened to be nearby and stirred something inside it to life, causing the sea to grow choppy and swirl in a vortex about its center. Gravity eventually sucked together 99.9 percent of that gas to form a new star, our sun. The majority of the remaining gas got pushed to the edges of this incipient solar system, where it formed gas giant planets like Jupiter and Saturn”.
END OF BOX
In the beginning ...
The early Earth’s atmosphere had lighter gases like hydrogen and helium. At that time, Earth was not a solid mass yet. Gravity played a central role in attracting heavier atoms around the light hydrogen core. The constant attraction of heavier gases led to the formation of the solid mass that is more like what we see today. This happened on a large geological time scale of billions of years. Earth’s surface remained hostile with gusting gases at temperatures of 8,000 degrees! So the earliest composition of Earth’s atmosphere had just two gases (hydrogen and helium).
The cooling process led to the formation of heavier elements and molecules. During the formation of this second atmosphere, Earth was filled with carbon dioxide, water vapour, hydrogen sulphide and oxides of sulphur.
Earth’s second atmosphere played a crucial role in depositing carbonates in the Earth’s crust. This happened because dissolved carbon dioxide in water vapour reacted with other metals to form carbonates such as calcium carbonate.
Volcanoes and Nitrogen
The present atmosphere has a large quantity of nitrogen, but why is nitrogen alone present in such a large quantity? This is an important question to be answered, is it not? Other elements like sulphur and oxygen are more reactive, so they formed minerals and different compounds (most ores in the Earth are oxides). Since nitrogen is an inert gas, it remained as nitrogen. But where did this nitrogen come from?
Earth was not alone in its orbit. There was another planet named Theia sharing the same orbit. The collision of Theia and Earth made Earth’s crust even more hostile than ever before with prolonged volcanic activity. Nitrogen began to accumulate from volcanic activity that existed for four billion years.
Nitrogen plays a crucial role in supporting many life forms especially plants, thanks to some bacteria which can metabolize nitrogen and covert it into nitrates in the soil in the process called nitrogen fixation. Remember that proteins contain nitrogen in their amino acids (apart from hydrogen, oxygen and carbon).
Atmospheric composition of other planets
Have you ever asked the question, why the first four planets alone contain solid surfaces while rest of them from Jupiter onwards are gas giants? The role of gravity played an important role in shaping the solar system. Sun is the largest and heaviest in the solar system and its gravity attracted heavier elements, forming solid surfaces for first four planets. The remaining planets have lighter elements such as hydrogen and helium as the major constituents. The tables (by Andy Bruning and NASA) present a clear picture of atmospheric composition of various planets.
Concluding remarks
Beware! students of Science! While providing one absolute answer to a question, there could be more than one correct answer---just as we saw for questions like the atmospheric composition of planets on a geological timescale. In fact, many misconceptions arise from providing absolute answers to questions. Often, people give absolute answers when they do not have an adequate understanding of the problem.
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