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The man shown above has been called the “laughing philosopher” because of his cheerful disposition. He certainly looks cheerful in this picture. Why is a philosopher featured in a science text? He made an amazing contribution to science, although it was ridiculed by others and then ignored for more than 2000 years. His name was Democritus, and he introduced the idea of the atom as the basic building block of all matter. You can learn about Democritus’ place in the history of the atom at this URL:
http://www.youtube.com/watch?v=BhWgv0STLZs (9:03)
Click on the image above for more content
Democritus lived in Greece from about 460 to 370 B.C.E. Like many other ancient Greek philosophers, he spent a lot of time wondering about the natural world. Democritus wondered, for example, what would happen if you cut a chunk of matter—such as a piece of cheese like the one in the Figure below —into smaller and smaller pieces. He thought that a point would be reached at which the cheese could not be cut into still smaller pieces. He called these pieces atomos , which means “uncuttable” in Greek. This is where the modern term atom comes from. In the video at the following URL, Bill Nye the Science Guy demonstrates how Democritus arrived at his idea of the atom.
http://www.youtube.com/watch?v=cnXV7Ph3WPk (6:37)
Click on the image above for more content
Democritus’ idea of the atom has been called “the best guess in antiquity.” That’s because it was correct in many ways, yet it was based on pure speculation. It really was just a guess. Here’s what Democritus thought about the atom:
Q: How are Democritus’ ideas about atoms similar to modern ideas about atoms?
A: Modern ideas agree that all matter is made up of extremely small building blocks called atoms.
Q: How are Democritus’ ideas different from modern ideas?
A: Although atoms are extremely small, it is now possible to see them with very powerful microscopes. Atoms also aren’t the solid, uncuttable particles Democritus thought. Instead, they consist of several kinds of smaller, simpler particles as well as a lot of empty space. In addition, atoms aren’t really indestructible because they can be changed to other forms of matter or energy.
Did you ever notice dust motes moving in still air where a beam of sunlight passes through it? You can see an example in the forest scene in the Figure below . This sort of observation gave Democritus the idea that atoms are in constant, random motion. If this were true, Democritus thought, then atoms must always be bumping into each other. When they do, he surmised, they either bounce apart or stick together to form clumps of atoms. Eventually, the clumps could grow big enough to be visible matter.
Q: Which modern theory of matter is similar to Democritus’ ideas about the motion of atoms?
A: The modern kinetic theory of matter is remarkably similar to Democritus’ ideas about the motion of atoms. According to this theory, atoms of matter are in constant random motion. This motion is greater in gases than in liquids, and it is greater in liquids than in solids. But even in solids, atoms are constantly vibrating in place.
Democritus thought that different kinds of matter vary because of the size, shape, and arrangement of their atoms. For example, he suggested that sweet substances are made of smooth atoms and bitter substances are made of sharp atoms. He speculated that atoms of liquids are slippery, which allows them to slide over each other and liquids to flow. Atoms of solids, in contrast, stick together, so they cannot move apart. Differences in the weight of matter, he argued, could be explained by the closeness of atoms. Atoms of lighter matter, he thought, were more spread out and separated by more empty space.
Q: Democritus thought that different kinds of atoms make up different types of matter. How is this similar to modern ideas about atoms?
A: The modern view is that atoms of different elements differ in their numbers of protons and electrons and this gives them different physical and chemical properties.
Democritus was an important philosopher, but he was less influential than another Greek philosopher named Aristotle, who lived about 100 years after Democritus. Aristotle rejected Democritus’ idea of the atom. In fact, Aristotle thought the idea was ridiculous. Unfortunately, Aristotle’s opinion was accepted for more than 2000 years, and Democritus’ idea was more or less forgotten. However, the idea of the atom was revived around 1800 by the English scientist John Dalton. Dalton developed an entire theory about the atom, much of which is still accepted today. He based his theory on experimental evidence, not on lucky guesses.
Watch the video at the following URL, and then develop a hypothesis to explain the results of the two experiments. Relate your hypothesis to Democritus’ ideas about atoms.
http://www.youtube.com/watch?v=g7debF-bSj8 (3:32)
Click on the image above for more content
Millions of children over the years have enjoyed building models - this model airplane is one example of the types that can be constructed. Perhaps sixty years ago the models were made of balsa wood, a very light material. Parts would be cut by hand, carefully glued together, and then covered with paper or other fabric. The development of plastics made the construction of model aircraft must simpler in many respects and the end-product is more durable and damage-proof.
A model serves a useful purpose – it gives us an idea of what the real thing is like. The model plane seen above has wings, a tail, and an engine just like the real thing. This model also has a propeller, as is the case with most small planes and some smaller passenger planes. However, the model is not the real thing. We certainly cannot fly people or cargo in the model, but we can get some idea of what a real plane looks like and how it works.
Science uses many models to explain ideas. We model the electron as a very small particle with a negative charge. That gives us a picture, but a very incomplete one. This picture works fine for most chemists, but is inadequate for a physicist. Models give us a start toward understanding structures and processes, but certainly are not a complete representation of the entity we are examining.
The electron was discovered by J.J. Thomson in 1897. Protons were also known, as was the fact that atoms were neutral in charge. Since the intact atom had no net charge and the electron and proton had opposite charges, the next step after the discovery of subatomic particles was to figure out how these particles were arranged in the atom. This is a difficult task because of the incredibly small size of the atom. Therefore, scientists set out to design a model of what they believed the atom could look like. The goal of each atomic model was to accurately represent all of the experimental evidence about atoms in the simplest way possible.
Following the discovery of the electron, J.J. Thomson developed what became known as the “ plum pudding ” model in 1904. Plum pudding is an English dessert similar to a blueberry muffin. In this model, the electrons were stuck into a uniform lump of positive charge like blueberries in a muffin. In Thomson’s plum pudding model of the atom, the electrons were embedded in a uniform sphere of positive charge. The positive matter was thought to be jelly- like or a thick soup. The electrons could move around somewhat. As they got closer to the outer portion of the atom, the positive charge in the region was greater than the neighboring negative charges and the electron would be pulled back more toward the center region of the atom.
This model of the atom soon gave way, however, to a new model developed by New Zealander Ernest Rutherford (1871-1937) about five years later. Thomson received many honors during his lifetime, including being awarded the Nobel Prize in Physics in 1906 and a knighthood in 1908
Use the link below to answer the following questions:
http://www.universetoday.com/38326/plum-pudding-model/
As we look at the world around us, it looks pretty solid. We hit a wall with our hand and the hand stops – it does not (normally) go through the wall. We think of matter as occupying space. But there is a lot of empty space in matter. In fact, most of the matter is empty space.
In 1911, Rutherford and coworkers Hans Geiger and Ernest Marsden initiated a series of groundbreaking experiments that would completely change the accepted model of the atom. They bombarded very thin sheets of gold foil with fast moving alpha particles . Alpha particles, a type of natural radioactive particle, are positively charged particles with a mass about four times that of a hydrogen atom.
(A) The experimental setup for Rutherford’s gold foil experiment: A radioactive element that emitted alpha particles was directed toward a thin sheet of gold foil that was surrounded by a screen which would allow detection of the deflected particles. (B) According to the plum pudding model (top) all of the alpha particles should have passed through the gold foil with little or no deflection. Rutherford found that a small percentage of alpha particles were deflected at large angles, which could be explained by an atom with a very small, dense, positively-charged nucleus at its center (bottom).
According to the accepted atomic model, in which an atom’s mass and charge are uniformly distributed throughout the atom, the scientists expected that all of the alpha particles would pass through the gold foil with only a slight deflection or none at all. Surprisingly, while most of the alpha particles were indeed undeflected, a very small percentage (about 1 in 8000 particles) bounced off the gold foil at very large angles. Some were even redirected back toward the source. Nothing had prepared them for this discovery. In a famous quote, Rutherford exclaimed that it was “as if you had fired a 15-inch [artillery] shell at a piece of tissue paper and it came back and hit you.”
Rutherford needed to come up with an entirely new model of the atom in order to explain his results. Because the vast majority of the alpha particles had passed through the gold, he reasoned that most of the atom was empty space. In contrast, the particles that were highly deflected must have experienced a tremendously powerful force within the atom. He concluded that all of the positive charge and the majority of the mass of the atom must be concentrated in a very small space in the atom’s interior, which he called the nucleus. The nucleus is the tiny, dense, central core of the atom and is composed of protons and neutrons.
Rutherford’s atomic model became known as the nuclear model . In the nuclear atom, the protons and neutrons, which comprise nearly all of the mass of the atom, are located in the nucleus at the center of the atom. The electrons are distributed around the nucleus and occupy most of the volume of the atom. It is worth emphasizing just how small the nucleus is compared to the rest of the atom. If we could blow up an atom to be the size of a large professional football stadium, the nucleus would be about the size of a marble.
Rutherford’s model proved to be an important step towards a full understanding of the atom. However, it did not completely address the nature of the electrons and the way in which they occupied the vast space around the nucleus. It was not until some years later that a full understanding of the electron was achieved. This proved to be the key to understanding the chemical properties of elements.
Watch a video that explains the gold foil experiment:
http://www.youtube.com/watch?v=XBqHkraf8iE
Click on the image above for more content
Use the link below to answer the following questions:
http://www.icbse.com/topics/rutherfords-model-atom
Look at the people in the picture. Do you see how they are standing on different rungs of the ladder? When you stand on a ladder, you can stand on one rung or another, but you can never stand in between two rungs. A ladder can be used to model parts of an atom. Do you know how? Read on to find out.
The existence of the atom was first demonstrated around 1800 by John Dalton. Then, close to a century went by before J.J. Thomson discovered the first subatomic particle, the negatively charged electron. Because atoms are neutral in charge, Thomson thought that they must consist of a sphere of positive charge with electrons scattered through it. In 1910, Ernest Rutherford showed that this idea was incorrect. He demonstrated that all of the positive charge of an atom is actually concentrated in a tiny central region called the nucleus. Rutherford surmised that electrons move around the nucleus like planets around the sun. Rutherford’s idea of atomic structure was an improvement on Thomson’s model, but it wasn’t the last word. Rutherford focused on the nucleus and didn’t really clarify where the electrons were in the empty space surrounding the nucleus.
The next major advance in atomic history occurred in 1913, when the Danish scientist Niels Bohr published a description of a more detailed model of the atom. His model identified more clearly where electrons could be found. Although later scientists would develop more refined atomic models, Bohr’s model was basically correct and much of it is still accepted today. It is also a very useful model because it explains the properties of different elements. Bohr received the 1922 Nobel prize in physics for his contribution to our understanding of the structure of the atom. You can see a picture of Bohr below .
As a young man, Bohr worked in Rutherford’s lab in England. Because Rutherford’s model was weak on the position of the electrons, Bohr focused on them. He hypothesized that electrons can move around the nucleus only at fixed distances from the nucleus based on the amount of energy they have. He called these fixed distances energy levels, or electron shells. He thought of them as concentric spheres, with the nucleus at the center of each sphere. In other words, the shells consisted of sphere within sphere within sphere. Furthermore, electrons with less energy would be found at lower energy levels, closer to the nucleus. Those with more energy would be found at higher energy levels, farther from the nucleus. Bohr also hypothesized that if an electron absorbed just the right amount of energy, it would jump to the next higher energy level. Conversely, if it lost the same amount of energy, it would jump back to its original energy level. However, an electron could never exist in between two energy levels. These ideas are illustrated in the Figure below .
This is a two-dimensional model of a three-dimensional atom. The concentric circles actually represent concentric spheres.
Q: How is an atom like a ladder?
A: Energy levels in an atom are like the rungs of a ladder. Just as you can stand only on the rungs and not in between them, electrons can orbit the nucleus only at fixed distances from the nucleus and not in between them.
Bohr’s model of the atom is actually a combination of two different ideas: Rutherford’s atomic model of electrons orbiting the nucleus and German scientist Max Planck’s idea of a quantum, which Planck published in 1901. A quantum (plural, quanta) is the minimum amount of energy that can be absorbed or released by matter. It is a discrete, or distinct, amount of energy. If energy were water and you wanted to add it to matter in the form of a drinking glass, you couldn’t simply pour the water continuously into the glass. Instead, you could add it only in small fixed quantities, for example, by the teaspoonful. Bohr reasoned that if electrons can absorb or lose only fixed quantities of energy, then they must vary in their energy by these fixed amounts. Thus, they can occupy only fixed energy levels around the nucleus that correspond to quantum increases in energy.
Q: The idea that energy is transferred only in discrete units, or quanta, was revolutionary when Max Planck first proposed it in 1901. However, what scientists already knew about matter may have made it easier for them to accept the idea of energy quanta. Can you explain?
A: Scientists already knew that matter exists in discrete units called atoms. This idea had been demonstrated by John Dalton around 1800. Knowing this may have made it easier for scientists to accept the idea that energy exists in discrete units as well.
Read the article at the following URL. Be sure to click through the animation at the bottom of the Web page. Then answer the questions below.
http://www.brooklyn.cuny.edu/bc/ahp/SDPS/SD.PS.electrons.html
What a beautiful sunrise! You probably know that sunlight travels in waves through space from the sun to Earth. But do you know what light really is? Is it just energy, or is it something else? In this article you’ll find out that light may be more than it seems.
Electromagnetic radiation, commonly called light, is the transfer of energy by waves called electromagnetic waves. These waves consist of vibrating electric and magnetic fields. Where does electromagnetic energy come from? It is released when electrons return to lower energy levels in atoms. Electromagnetic radiation behaves like continuous waves of energy most of the time. Sometimes, however, electromagnetic radiation seems to behave like discrete, or separate, particles rather than waves. So does electromagnetic radiation consist of waves or particles?
This question about the nature of electromagnetic radiation was debated by scientists for more than two centuries, starting in the 1600s. Some scientists argued that electromagnetic radiation consists of particles that shoot around like tiny bullets. Other scientists argued that electromagnetic radiation consists of waves, like sound waves or water waves. Until the early 1900s, most scientists thought that electromagnetic radiation is either one or the other and that scientists on the other side of the argument were simply wrong.
Q: Do you think electromagnetic radiation is a wave or a particle?
A: Here’s a hint: it may not be a question of either-or. Keep reading to learn more.
In 1905, the physicist Albert Einstein developed a new theory about electromagnetic radiation. The theory is often called the wave-particle theory . It explains how electromagnetic radiation can behave as both a wave and a particle. Einstein argued that when an electron returns to a lower energy level and gives off electromagnetic energy, the energy is released as a discrete “packet” of energy. We now call such a packet of energy a photon . According to Einstein, a photon resembles a particle but moves like a wave. You can see this in the Figure below . The theory posits that waves of photons traveling through space or matter make up electromagnetic radiation.
A photon isn’t a fixed amount of energy. Instead, the amount of energy in a photon depends on the frequency of the electromagnetic wave. The frequency of a wave is the number of waves that pass a fixed point in a given amount of time, such as the number of waves per second. In waves with higher frequencies, photons have more energy.
After Einstein proposed his theory, evidence was discovered to support it. For example, scientists shone laser light through two slits in a barrier made of a material that blocked light. You can see the setup of this type of experiment in the sketch below. Using a special camera that was very sensitive to light, they took photos of the light that passed through the slits. The photos revealed tiny pinpoints of light passing through the double slits. This seemed to show that light consists of particles. However, if the camera was exposed to the light for a long time, the pinpoints accumulated in bands that resembled interfering waves. Therefore, the experiment showed that light seems to consist of particles that act like waves. At the following URL, you can watch a cartoon demonstration of a double-slit experiment. http://www.youtube.com/watch?v=ViQoUXu5uK0
Watch the animation “Let There Be Light” at the following URL. Then create a timeline of ideas and discoveries about the nature of light. http://www.abc.net.au/science/explore/einstein/lightstory.htm
The fan pictured here is turned off in the photo on the left and running at high speed in the photo on the right. In the right-hand photo, the blades are moving too fast for you to see the individual blades. You can’t tell where any given blade is at any given moment. In some ways, rapidly moving fan blades are similar to electrons moving about the nucleus of an atom. Like fan blades, electrons move very quickly and we can never tell exactly where they are. If that’s the case, how can we represent electrons in models of the atom?
Up until about 1920, scientists accepted Niels Bohr’s model of the atom. In this model, negative electrons circle the positive nucleus at fixed distances from the nucleus, called energy levels. You can see the model in Figure below for an atom of the element nitrogen. Bohr’s model is useful for understanding properties of elements and their chemical interactions. However, it doesn’t explain certain behaviors of electrons, except for those in the simplest atom, the hydrogen atom.
In the mid-1920s, an Austrian scientist named Erwin Schröedinger thought that the problem with Bohr’s model was restricting the electrons to specific orbits. He wondered if electrons might behave like light, which scientists already knew had properties of both particles and waves. Schrödinger speculated that electrons might also travel in waves. At the URLs below, you can see how some of these waves might look.
Q: How do you pin down the location of an electron in a wave?
A: You can’t specify the exact location of an electron. However, Schröedinger showed that you can at least determine where an electron is most likely to be.
Schröedinger developed an equation that could be used to calculate the chances of an electron being in any given place around the nucleus. Based on his calculations, he identified regions around the nucleus where electrons are most likely to be. He called these regions orbitals . As you can see in the Figure below , orbitals may be shaped like spheres, dumbbells, or rings. In each case, the nucleus of the atom is at the center of the orbital. You can see animated models of orbitals this URL: http://www.chemistry.wustl.edu/~edudev/Orbitals/movie.html .
Schröedinger’s work on orbitals is the basis of the modern model of the atom, which scientists call the quantum mechanical model. The modern model is also commonly called the electron cloud model. That’s because each orbital around the nucleus of the atom resembles a fuzzy cloud around the nucleus, like the ones shown in the Figure below for a helium atom. The densest area of the cloud is where the electrons have the greatest chances of being.
Q: In the model pictured above, where are the two helium electrons most likely to be?
A: The two electrons are most likely to be inside the sphere closest to the nucleus where the cloud is darkest.
Watch the video about the electron cloud model at the following URL, and then answer the questions below.
http://www.youtube.com/watch?v=qNS83fOFkTM (2:45)
Click on the image above for more content