READING: History of Atomic Theory

In science, a theory is a hypothesis that, over time, has consistently been supported by evidence.  A theory can change as new information is discovered.  Over time, the theory about the structure of the atom has changed dramatically due to new information and advances in technology.
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The concept of atoms was first suggested around the time of 460 B.C. by the Greek philosopher Democritus, who suggested that if you kept splitting an object in half, you would eventually get to a tiny, fundamental piece that can’t be broken down any further.  He called these pieces “atoms.”

 In 1803, the British chemist John Dalton was the first modern scientist to develop a theory about atoms. According to Dalton, atoms could not be subdivided into smaller particles. Atoms were the smallest pieces of matter. Many of Dalton’s ideas about atoms were correct.  We represent Dalton’s theory about the atom as a “pool ball” because he thought that the atom was made of the same “stuff” throughout (like a pool ball). Dalton said nothing about the smaller particles that make up atoms.
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The British physicist J.J. Thomson discovered that atoms contain small, negatively charged particles called electrons (1897).  He discovered electrons by accident, when he was studying electricity.  However, Thomson knew that overall atoms have a neutral charge (no charge), which meant that some other part of the atom must be positive, to balance the negative electrons.  He proposed the “plum pudding” model of the atom, where negatively charged electrons sat in a positively charged ball of matter.  A few years later in 1909, another scientists by the name of Robert Millikan used an Oil Drop Experiment to determine the charge and mass of these electrons.

In 1911, Ernest Rutherford proved that the “plum pudding” model of the atom was incorrect with a Gold Foil Experiment. Rutherford fired a bunch of small, positively charged particles (alpha particles) at a sheet of gold foil.  If the plum-pudding model had been correct, the alpha particles would have bounced back at Rutherford because they would hit the positive balls of atoms.  Most of the particles passed straight through the foil.  Rutherford concluded that most of the atom was empty space.  He also suggested that the positive charge of the atom was concentrated in a central nucleus, and particles that had been deflected were ones that had hit the nucleus.  We call Rutherford’s model “the Peach” because there is a hard and dense center of the atom (the peach pit). The rest of the atom is not as dense or heavy as the nucleus but the rest of the atom is a lot of space (the peach itself).
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The Danish physicist Niels Bohr came up with another model, called the “solar system” model (1913).  According to Bohr, the electron could only orbit the nucleus on fixed energy levels.  The problem with this model is that it couldn’t explain the behavior of electrons in atoms or ions where there was more than one electron.  Think about the solar system: planets rotate around the sun in specific, individual paths. The planets never leave these paths and they are continuously moving. 
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After Bohr, many scientists contributed to what we know as the model of the atom today. In 1926, Erwin Schrödinger developed mathematical equations that led scientists to believe electrons are most likely to be found in certain areas around the nucleus, called “electron clouds.”  The electron cloud is defined as the area where an electron spends 95% of its time.  Sometimes (5% of the time) the electron will wander off somewhere else, which could be closer to or further from the nucleus.  We call this model the “electron cloud” because the electrons surround the nucleus in a disorderly fashion but are more likely to be in one certain spot. The electrons surround the nucleus like a cloud. In 1932, to determine the composition of the central nucleus, James Chadwick used positively charged alpha particles to discover a neutral atomic particle with a mass similar to a proton; this particle came to be known as a neutron.
Questions:
1. (RST.9-10.4) Why do scientists say the structure of the atom is a theory?
a. The structure of the atom is still unknown to scientists.

b. The structure of the atom has changed dramatically over time, but these changes have not been supported by any evidence.

c. The structure of the atom has changed dramatically over time, but the changes have always been supported by scientific evidence..

d. The structure of the atom has stayed the same for thousands of years.
2. (RST.9-10.1) Which evidence below best supports why John Dalton’s Model was called the “pool ball”?
a. Dalton believed each atom had a unique number like a pool ball.

b. Dalton believed the atom was made up of the same material throughout, like a pool ball.

c. Dalton believed atoms were indestructible like a pool ball.

d. Dalton’s model is not called the pool ball.

3. (RST.9-10.4) Was were the name of the small, negatively charged particles that J.J. Thomson discovered?
4. (RST.9-10.2) Which of the statements below best summarizes Rutherford’s experiment?
a. He fired many positively charged particles at a thin sheet of gold foil and most traveled straight through rather than bouncing off, allowing him to say the atom is mostly empty space.
b. He fired many negatively charged particles at a thin sheet of gold foil and most stuck to the foil, allowing him to say the atom is mostly positively charged.
c. He fired many positively charged particles at a thin sheet of gold foil and most bounced off, allowing him to say the atom is mostly dense like a peach pit.
d. He fired many negatively charged particles at a thin sheet of gold foil and most bounced off the foil, allowing him to say the atom is mostly negatively charged.
5. (RST.9-10.1) Why is Rutherford’s model called “the peach”?

6. In the “solar system” model, which part of the atom is the “sun”? _________________________
7. What is the name of the model most widely accepted today? _____________________________

8. Do you think the current model of the atom that scientists use today is the exact structure of the atom or do you think it will be modified in the future? Why?

9. (RST.9-10.7) Build a timeline of the progression of the atom model using the template provided.
