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Standard 1: students will understand the structure of matter. Objective 1 Describe the structure of matter in terms of atoms and molecules.



Terms to Know o



Atom



o



Molecule



o



Solid



o



Liquid



o



Gas



o



Model



Introduction:



Have you ever tried to observe or study something that you could not see? Scientists for hundreds of years have been concerned with the smallest particles that make up each and every object in our natural world. Of course, that is the atom. How do scientists study things they can’t see? They make models. A scientific model is a tool constructed by the scientist based on all the known experimental evidence about a particular thing such as an atom. The picture above is an artistic look at one model of the atom, showing the electrons in orbit around the central nucleus. As time goes by and more experiments are performed, models evolve and change to account for new understanding. In this chapter, you will begin to learn about how the model of the atom was initially developed and how it has changed over time into what we now have come to accept as the modern model of the atom.
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Sizes of Atoms The graphite in your pencil is composed of the element carbon. Imagine taking a small piece of carbon and grinding it until it is a fine dust. Each speck of carbon would still have all of the physical and chemical properties of the carbon atom. Now imagine that you could somehow keep dividing the speck of carbon into smaller and smaller pieces. Eventually, you would reach a point where your carbon sample is as small as it could possibly be. This final particle is called an atom, which is defined as the smallest particle of an element that retains the properties of that element. Atoms, as you probably know, are extremely small. In fact, the graphite in an ordinary pencil contains about 5 × 1020 atoms of carbon. In other words, that’s 500,000,000,000,000,000,000 carbon atoms! This is an almost incomprehensibly large number. The population of the entire Earth is about 7 × 109 people, meaning that there are about 7 × 1010 times as many carbon atoms in your pencil as there are people on the Earth! For this to be true, atoms must be extremely small. Can we see atoms? It’s not easy, but a modern instrument called a scanning tunneling microscope allows scientists to visualize the atom, as shown in Figure 1.



Figure 1. Images of individual gold atoms can be seen on the surface of a smooth sheet of gold metal using scanning tunneling microscopy.



Why do scientists need models? Scientists work with models because reality is complex and difficult. An atom is an example of a system that is both difficult and complex. There are many parts inside of an atom. It is useful to use a model because it helps us understand what cannot be seen with our own eyes. Models are necessary in science. However, you must always remember that a model is only a representation of the real thing.



Models are Useful Tools Models are useful tools for scientists. Models allow scientists to study objects that are nearly impossible to study as a whole and help scientists to understand these objects. They can analyze and make predictions about them. There are different types of models; some are smaller and simpler representations of the thing being studied. Scientists use models for many things like atoms, the layers of the Earth, and the cell. Models Have Limitations Since models are simpler than real objects or systems, they have limitations. A model deals with only a portion of a system. It may not predict the behavior of the real system very accurately. But the more computing power that goes into the model and the care with which the scientists construct the model can increase the chances that a model will be accurate. For example, models of the atom cannot accurately represent the distance between the particles or the motion of the electrons.
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History of Atomic Theory



Democritus Introduces the Atom The history of the atom begins around 450 B.C. with a Greek philosopher named Democritus (see Figure 2). Democritus wondered what would happen if you cut a piece of matter, such as an apple, into smaller and smaller pieces. He thought that a point would be reached where matter could not be cut into still smaller pieces. He called these "indivisible" pieces atomos. This is where the modern term atom comes from. Democritus was an important philosopher. However, he was less influential than the Greek philosopher Aristotle, who lived about 100 years after Democritus. Aristotle rejected Democritus’s idea of atoms. In fact, Aristotle thought the idea of atoms was ridiculous. Unfortunately, Aristotle’s ideas were accepted for more than 2000 years. During that time, Democritus’s ideas were more or less forgotten.



Figure 2



Figure 3



Dalton Brings Back the Atom Around 1800, a British chemist named John Dalton revived Democritus’s early ideas about the atom. Dalton is pictured in Figure 3. He made a living by teaching and just did research in his spare time. Nonetheless, from his research results, he developed one of the most important theories in science. Dalton's Research Dalton did many experiments that provided evidence for atoms. For example, he studied the pressure of gases. He concluded that gases must consist of tiny particles in constant motion. Dalton also researched the properties of compounds. He showed that a compound always consists of the same elements in the same ratio. On the other hand, different compounds always consist of different elements or ratios. This can happen, Dalton reasoned, only if elements are made of tiny particles that can combine in an endless variety of ways. From his research, Dalton developed a theory of the atom. You can learn more about Dalton and his research by watching the video at this URL: http://www.youtube.com/watch?v=BhWgv0STLZs (9:03).
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Dalton's Atomic Theory The atomic theory Dalton developed consists of three ideas: All substances are made of atoms. Atoms are the smallest particles of matter. They cannot be divided into smaller particles. They also cannot be created or destroyed. All atoms of the same element are alike and have the same mass. Atoms of different elements are different and have different masses. Atoms join together to form compounds. A given compound always consists of the same kinds of atoms in the same ratio. Dalton’s theory was soon widely accepted. Most of it is still accepted today. The only part that is no longer accepted is his idea that atoms are the smallest particles. Scientists now know that atoms consist of even smaller particles. Dalton's Atomic Models Dalton incorrectly thought that atoms are tiny solid particles of matter. He used solid wooden balls to model them. The sketch below (Figure 4) shows how Dalton’s model atoms looked. He made holes in the balls so they could be joined together with hooks. In this way, the balls could be used to model compounds. When later scientists discovered subatomic particles (particles smaller than the atom itself), they realized that Dalton’s models were too simple. They didn’t show that atoms consist of even smaller particles. Models including these smaller particles were later developed. Dalton’s model atoms were hard, solid balls. How do they differ from the atomic models earlier in the chapter?



Figure 4.



Thomson Adds Electrons The next major advance in the history of the atom was the discovery of electrons. These were the first subatomic particles to be identified. They were discovered in 1897 by a British physicist named J. J. Thomson. You can learn more about Thomson and his discovery at this online exhibit: http://www.aip.org/history/electron/.
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Figure 5.



Thomson's Vacuum Tube Experiments Thomson was interested in electricity. He did experiments in which he passed an electric current through a vacuum tube. The experiments are described in Figure 5. Thomson’s experiments showed that an electric current consists of flowing, negatively charged particles. Why was this discovery important? Many scientists of Thomson’s time thought that electric current consists of rays, like rays of light, and that it is positive rather than negative. Thomson’s experiments also showed that the negative particles are all alike and smaller than atoms. Thomson concluded that the negative particles couldn’t be fundamental units of matter because they are all alike. Instead, they must be parts of atoms. The negative particles were later named electrons. Thomson's Plum Pudding Model



Thomson knew that atoms are neutral in electric charge. So how could atoms contain negative particles? Thomson thought that the rest of the atom must be positive to cancel out the negative charge. He said that an atom is like a plum pudding, which has plums scattered through it. That’s why Thomson’s model of the atom is called the plum pudding model. It shows the atom as a sphere of positive charge (the pudding) with negative electrons (the plums) scattered through it.
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Science Can Be a Blast!! Bohr’s idea of energy levels is still useful today. It helps explain how matter behaves. For example, when chemicals in fireworks explode, their atoms absorb energy. Some of their electrons jump to a higher energy level. When the electrons move back to their original energy level, they give off the energy as light. Different chemicals have different arrangements of electrons, so they give off light of different colors. This explains the blue- and purple-colored fireworks below.



Rutherford Finds the Nucleus A physicist from New Zealand named Ernest Rutherford made the next major discovery about atoms. He discovered the nucleus. You can watch a video about Rutherford and his discovery at this URL: http://www.youtube.com/watch?v=wzALbzTdnc8 (3:28). Rutherford's Gold Foil Experiments In 1899, Rutherford discovered that some elements give off positively charged particles. He named them alpha particles ( ). In 1911, he used alpha particles to study atoms. He aimed a beam of alpha particles at a very thin sheet of gold foil. Outside the foil, he placed a screen of material that glowed when alpha particles struck it.



If Thomson’s plum pudding model were correct, the alpha particles should be deflected a little as they passed through the foil. Why? The positive "pudding" part of gold atoms would slightly repel the positive alpha particles. This would cause the alpha particles to change course. But Rutherford got a surprise. Most of the alpha particles passed straight through the foil as though they were moving through empty space. Even more surprising, a few of the alpha particles bounced back from the foil as though they had struck a wall. This is called back scattering. It happened only in very small areas at the centers of the gold atoms. The Nucleus and Its Particles Based on his results, Rutherford concluded that all the positive charge of an atom is concentrated in a small central area. He called this area the nucleus. Rutherford later discovered that the nucleus contains positively charged particles. He named the positive particles protons. Rutherford also predicted the existence of neutrons in the nucleus. However, he failed to find them. One of his students, a physicist named James Chadwick, went on to discover neutrons in 1932. You learn how at this URL: http://www.light-science.com/chadwick.html.
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Rutherford's Atomic Model Rutherford’s discoveries meant that Thomson’s plum pudding model was incorrect. Positive charge is not spread out everywhere in an atom. It is all concentrated in the tiny nucleus. The rest of the atom is empty space, except for the electrons moving randomly through it. In Rutherford’s model, electrons move around the nucleus in random orbits. He compared them to planets orbiting a star. That’s why Rutherford’s model is called the planetary model. You can see it in Figure 6.



Figure 6. This model shows Rutherford’s idea of the atom. How does it compare with Thomson’s plum pudding?



Neils Bohr Rutherford’s model of the atom was better than earlier models. But it wasn’t the last word. Danish physicist Niels Bohr created a more accurate and useful model. Bohr’s model was an important step in the development of modern atomic theory. The video at the URL below is a good introduction to modern atomic theory. It also reviews important concepts from the previous two lessons, "Inside the Atom" and "History of the Atom." http://www.khanacademy.org/video/introduction-to-the-atom?playlist=Chemistry
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Bohr's Model of the Atom Bohr’s research focused on electrons. In 1913, he discovered evidence that the orbits of electrons are located at fixed distances from the nucleus. Remember, Rutherford thought that electrons orbit the nucleus at random. Bohr's model of the atom. Energy Levels Basic to Bohr’s model is the idea of energy levels. Energy levels are areas located at fixed distances from the nucleus of the atom. They are the only places where electrons can be found. Energy levels are a little like rungs on a ladder. You can stand on one rung or another but not between the rungs. The same goes for electrons. They can occupy one energy level or another but not the space between energy levels. The model of an atom in Figure 7 has six energy levels. The level with the least energy is the one closest to the nucleus. As you go farther from the nucleus, the levels have more and more energy. Electrons can jump from one energy level to another. If an atom absorbs energy, some of its electrons can jump to a higher energy level. If electrons jump to a lower energy level, the atom emits, or gives off, energy. You can see an animation at this happening at the URL below. http://cas.sdss.org/dr6/en/proj/advanced/spectraltypes/energylevels.asp



Figure 7.



This model of an atom contains six energy levels (n = 1 to 6). Atoms absorb or emit energy when some of their electrons jump to a different energy level.
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Electron Cloud In the 1920s, physicists discovered that electrons do not travel in fixed paths. In fact, they found that electrons only have a certain chance of being in any particular place. They could only describe where electrons are with mathematical formulas. That’s because electrons have wave-like properties as well as properties of particles of matter. It is the "wave nature" of electrons that lets them exist only at certain distances from the nucleus. The negative electrons are attracted to the positive nucleus. However, because the electrons behave like waves, they bend around the nucleus instead of falling toward it. Electrons exist only where the wave is stable. These are the orbitals. They do not exist where the wave is not stable. These are the places between orbitals. Electron Cloud Model Today, these ideas about electrons are represented by the electron cloud model. The electron cloud is an area around the nucleus where electrons are likely to be. Figure 8 shows an electron cloud model for a helium atom. This sketch represents the electron cloud model for helium. What does the electron cloud represent?



Figure 8.



Atoms, Molecules and the Periodic Table There are 92 naturally occurring types of atoms. These types of atoms are called elements. The Periodic Table is a table that gives important information about each element. Chemists, scientists who study how elements combine with each other, use a periodic table as a quick reference guide to information about the elements. There are many different kinds of information given on a table. Some types of periodic tables give more detailed information than others, but all periodic tables give basic information that can be used in Science.



Dmitri Mendeleev A Russian chemist and inventor. He created the first version of the periodic table of elements, and used it to predict the properties of elements yet to be discovered.



23 Image by Ivan Griffin, http://www.texample.net/tikz/examples/periodic-table-of-chemical-elements/



Molecules and Compounds A molecule is the smallest unit of a chemical compound. A compound is a substance made of two or more elements. The elements in a chemical compound are always present in a certain ratio. Water is probably one of the simplest compounds that you know. A water molecule is made of two hydrogen atoms and one oxygen atom (Figure below). All water molecules have the same ratio: two hydrogen atoms to one oxygen atom. A water molecule has two hydrogen atoms (shown in gray) bonded to one oxygen atom (shown in red).
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States of Matter Introduction States of matter are the different forms in which matter can exist. Look at Figure below. It represents water in three states: solid (iceberg), liquid (ocean water), and gas (water vapor in the air). In all three states, water is still water. It has the same chemical makeup and the same chemical properties. That’s because the state of matter is a physical property.



This photo represents solid, liquid, and gaseous water. Where is the gaseous water in the picture?



How do solids, liquids, and gases differ? Their properties are compared in the Figure below and described below. You can also watch videos about the three states at these URLs: http://www.youtube.com/watch?v=s-KvoVzukHo (0:52) http://www.youtube.com/watch?v=NO9OGeHgtBY (1:42) These three states of matter are common on Earth. What are some substances that usually exist in each of these states?
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Solids Ice is an example of solid matter. A solid is matter that has a fixed volume and a fixed shape. The figure below shows examples of matter that are usually solids under Earth conditions. In the figure, salt and cellulose are examples of crystalline solids. The particles of crystalline solids are arranged in a regular repeating pattern. The steaks and candle wax are examples of amorphous ("shapeless") solids. Their particles have no definite pattern. The volume and shape of a solid can be changed, but only with outside help. How could you change the volume and shape of each of the solids in the figure without changing the solid in any other way?



Liquids Ocean water is an example of a liquid. A liquid is matter that has a fixed volume but not a fixed shape. Instead, a liquid takes the shape of its container. If the volume of a liquid is less than the volume of its container, the top surface will be exposed to the air, like the oil in the bottles in Figure below. Each bottle contains the same volume of oil. How would you describe the shape of the oil in each bottle?
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Gases Water vapor is an example of a gas. A gas is matter that has neither a fixed volume nor a fixed shape. Instead, a gas takes both the volume and the shape of its container. It spreads out to take up all available space. You can see an example in Figure below. When you add air to a bicycle tire, you add it only through one tiny opening. But the air immediately spreads out to fill the whole tire.
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Review Questions for Standard 1 objective 1 1. 2. 3. 4. 5.



6. 7. 8. 9. 10. 11.
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In your own words, explain what a model is and how scientists use them. Using an example, explain how small atoms are. List three things that scientists use models for. Explain one way that models are limited in how they present information. In your own words, explain what each of the following scientists did to help develop the atomic theory and our current model of an atom: Tell what they did and what their model was like. Democritus Dalton Thompson Rutherford Bohr What is the electron cloud? Explain where protons, neutrons, and electrons are located in an atom. What is a periodic table? What did Dmitri Mendeleev do? Explain the difference between molecules and compounds. Explain the main properties of solids, liquids, and gases.



Standard 1: students will understand the structure of matter Objective 2: You will be able to accurately measure the characteristics of matter in different states



Introduction



Here’s a riddle for you to ponder: What do you and a tiny speck of dust in outer space have in common? Think you know the answer? Read on to find out. What is Matter? Both you and the speck of dust consist of atoms of matter. So does the ground beneath your feet. In fact, everything you can see and touch is made of matter. The only things that aren’t matter are forms of energy, such as light and sound. Although forms of energy are not matter, the air and other substances they travel through are. So what is matter? Matter is defined as anything that has mass and volume. Mass Mass is the amount of matter in a substance or object. Mass is commonly measured with a balance. A simple mechanical balance is shown in Figure below. It allows an object to be matched with other objects of known mass. SI units for mass are the kilogram, but for smaller masses grams are often used instead.



Terms to Know: o



Matter



o



Mass



o



Volume



o



Density



o



Solid



o



Liquid



o



Gas



This balance shows one way of measuring mass. When both sides of the balance are at the same level, it means that objects in the two pans have the same mass.



Mass versus Weight The more matter an object contains, generally the more it weighs. However, weight is not the same thing as mass. Weight is a measure of the force of gravity pulling on an object. It is measured with a scale, like the kitchen scale in Figure below. The scale detects how forcefully objects in the pan are being pulled downward by the force of gravity. The SI unit for weight is the newton (N). The common English unit is the pound (lb). With Earth’s gravity, a mass of 1 kg has a weight of 9.8 N (2.2 lb). This kitchen scale measures weight. How does weight differ from mass?
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Problem Solving Problem: At Earth’s gravity, what is the weight in newtons of an object with a mass of 10 kg? Solution: At Earth’s gravity, 1 kg has a weight of 9.8 N. Therefore, 10 kg has a weight of (10 × 9.8 N) = 98 N. You Try It! Problem: If you have a mass of 50 kg on Earth, what is your weight in newtons? An object with more mass is pulled by gravity with greater force, so mass and weight are closely related. However, the weight of an object can change if the force of gravity changes, even while the mass of the object remains constant. Look at the photo of astronaut Edwin E. Aldrin Jr taken by fellow astronaut Neil Armstrong, the first human to walk on the moon, in Figure below. An astronaut weighs less on the moon than he does on Earth because the moon’s gravity is weaker than Earth’s. The astronaut’s mass, on the other hand, does not change. He contains the same amount of matter on the moon as he does on Earth. If the astronaut weighed 175 pounds on Earth, he would have weighed only 29 pounds on the moon. If his mass on Earth was 80 kg, what would his mass have been on the moon?



Measuring Mass with a Balance Mass is the amount of matter in an object. Scientists often measure mass with a balance. A type of balance called a triple beam balance is pictured in Figure below. To use this type of balance, follow these steps: 1.



Place the object to be measured on the pan at the left side of the balance. 2. Slide the movable masses to the right until the right end of the arm is level with the balance mark. Start by moving the larger masses and then fine tune the measurement by moving the smaller masses as needed. 3. Read the three scales to determine the values of the masses that were moved to the right. Their combined mass is equal to the mass of the object.
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The Figure below is an enlarged version of the scales of the triple beam balance in Figure above. It allows you to read the scales. The middle scale, which measures the largest movable mass, reads 300 grams. This is followed by the top scale, which reads 30 grams. The bottom scale reads 5.1 grams. Therefore, the mass of the object in the pan is 335.1 grams (300 grams + 30 grams + 5.1 grams). Q: What is the maximum mass this triple beam balance can measure? A: The maximum mass it can measure is 610 grams (500 grams + 100 grams + 10 grams). Q: What is the smallest mass this triple beam balance can measure? A: The smallest mass it can measure is one-tenth (0.1) of a gram.



To measure very small masses, scientists use electronic balances, like the one in the Figure below. This type of balance also makes it easier to make accurate measurements because mass is shown as a digital readout. In the picture below, the balance is being used to measure the mass of a yellow powder on a glass dish. The mass of the dish alone would have to be measured first and then subtracted from the mass of the dish and powder together. The difference between the two masses is the mass of the powder alone. Volume The amount of space matter takes up is its volume. How the volume of matter is measured depends on its state. The volume of liquids is measured with measuring containers. In the kitchen, liquid volume is usually measured with measuring cups or spoons. In the lab, liquid volume is measured with containers such as graduated cylinders. Units in the metric system for liquid volume include liters (L) and milliliters (mL).
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The volume of gases depends on the volume of their container. That’s because gases expand to fill whatever space is available to them. For example, as you drink water from a bottle, air rushes in to take the place of the water. An "empty" liter bottle actually holds a liter of air. How could you find the volume of air in an "empty" room? The volume of regularly shaped solids can be calculated from their dimensions. For example, the volume of a rectangular solid is the product of its length, width, and height (l × w × h). For solids that have irregular shapes, the displacement method is used to measure volume. You can see how it works in Figure below and in the video below. The SI unit for solid volumes is cubic meters (m3). However, cubic centimeters (cm3) are often used for smaller volume measurements. http://www.youtube.com/watch?v=q9L52maq_vA&feature=related



The displacement method is used to find the volume of an irregularly shaped solid object. It measures the amount of water that the object displaces, or moves out of the way. What is the volume of the toy dinosaur in mL?
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Physical Properties of Matter Matter has many properties. Some are physical properties. Physical properties of matter are properties that can be measured or observed without matter changing to a different substance. For example, whether a given substance normally exists as a solid, liquid, or gas is a physical property. Consider water. It is a liquid at room temperature, but if it freezes and changes to ice or if it boils and changes to steam, it is still water. Generally, physical properties are things you can see, hear, smell, or feel with your senses.



Examples of Physical Properties Physical properties include the state of matter and its color and odor. For example, oxygen is a colorless, odorless gas. Chlorine is a greenish gas with a strong, sharp odor. Other physical properties include hardness, freezing and boiling points, the ability to dissolve in other substances, and the ability to conduct heat or electricity. These properties are demonstrated in Figure. Can you think of other physical properties? Density Density is an important physical property of matter. It reflects how closely packed the particles of matter are. Density is calculated from the amount of mass in a given volume of matter, using the formula:



Problem Solving Problem: What is the density of a substance that has a mass of 20 g and a volume of 10 mL? Solution:



You Try It! Problem: An object has a mass of 180 kg and a volume of 90 m3. What is its density?
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REAL LIFE SCIENCE Today you can measure the mass of the air in a basketball. Measure the mass of the basketball when deflated. Then inflate the ball 10 psi and measure the mass again. The difference in the masses will be the mass of the air in the ball!



To better understand density, think about a bowling ball and a volleyball. The bowling ball feels heavy. It is solid all the way through. It contains a lot of tightly packed particles of matter. In contrast, the volleyball feels light. It is full of air. It contains fewer, more widely spaced particles of matter. Both balls have about the same volume, but the bowling ball has a much greater mass. Its matter is denser. Here is a great video on the density of liquids. http://www.youtube.com/watch?v=B3kodeQnQvU (4:00)



According to the table above: 1. 2. 3. 4.



Will any substances listed float on water? What will float on mercury? Will a lead fishing weight float on liquid mercury? What would happen to the rock if you threw it into the mercury?



If you were asked if a lead fishing weight floats you would quickly answer no. But the correct answer depends of what you are trying to float it on. Obviously, the lead fishing weight would sink in water, but what about other substances? Liquid mercury has a density of 13.55 and lead has a density of 11.35. Since the density of lead is lower than the density of mercury the lead would float on the mercury.
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Find the Mass of a Gas You might be able to imagine, however, the difficulty for people several hundred years ago to demonstrate that air has mass and volume. Air (and all other gases) are invisible to the eye, have very small masses compared to equal amounts of solids and liquids, and are quite easy to compress (change volume). Without sensitive equipment, it would have been difficult to convince people that gases are matter. The mass of air, under normal room conditions, that occupies a one quart jar is approximately 0.0002 pounds. This small amount of mass would have been difficult to measure in times before balances were designed to accurately measure very small masses. Later, scientists were able to compress gases into such a small volume that the gases turned into liquids, which made it clear that gases are matter.



Review Questions for Standard 1 Objective 2 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14.



In your own words explain what matter is and give three examples of things that are made of matter. Explain what mass is and tell how scientists determine the mass of an object. What metric units are used to report the mass of an object? Distinguish the difference in mass and weight. How is weight affected by gravity? Explain how to use a triple beam balance to determine the mass of an object. Explain how to determine the volume of a regularly shaped solid such as a cube. Explain how to determine the volume of an irregularly shaped object such as a rock. What are physical properties of matter? What two measurements are needed to determine density? Explain how to determine density. What happens when a solid object with a lower density is placed in a liquid with a greater density? What happens when an object with a lower density is placed in a container with an object with a higher density? Explain how you could determine the mass and volume of a gas.
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Standard 1: You will understand the structure of Matter



Objective 3: Students will investigate the motion of particles Terms to Know: Temperature, Molecular Motion, Heat Energy, Diffusion, Expansion, and Contraction



The Movement of Particles Introduction



The hot air and sand in Death Valley have a lot of thermal energy, or the kinetic energy of moving particles. But even cold objects have some thermal energy. That’s because the particles of all matter are in constant random motion. If cold as well as hot objects have moving particles, what, if anything, does temperature have to do with thermal energy? Temperature No doubt you already have a good idea of what temperature is. You might define it as how hot or cold something feels. Temperature is defined as the amount of heat present in an object. When particles move more quickly, temperature is higher and an object feels warmer. When particles move more slowly, temperature is lower and an object feels cooler. The particles that make up matter are in constant random motion. They are always moving. The movement is increased as heat is added to the substance. Heat is energy that makes the particles in matter move faster. The more energy they have the faster they move. The less energy they have (heat is removed), the slower they move. Scientifically speaking, there is no such thing as cold. There is only an absence of heat. When the weather, or some object gets “colder” it is because there is less heat present. The less heat there is, the slower the particles move. At a certain point all energy/heat is gone and the particles stop all motion. This point is known as absolute zero. Absolute zero is -273.15 C°. As particles heat up, they begin to move faster. As this happens, the object expands. This is true for solids, liquids, and gasses. To understand this, imagine that you are spinning a ball on a rubber band in a circle over your head. As you spin the ball over your head the rubber band increases in length. It does this because the faster you spin it, the more energy it has. Matter expands in size as particle motion increases. Particles in all states of matter are in constant motion, this is known as molecular motion. They move fastest in gases and slower in liquids. In solids the movement is even slower and is restricted to vibrating in place. YOU TRY IT The following link will take you to your own molecular motion experiments! http://departments.jordandistrict.org/curriculum/science/secondary/archive/grade7/70103/diffusionindish.doc http://departments.jordandistrict.org/curriculum/science/secondary/archive/grade7/70103/make_thermactivity.doc
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Diffusion Have you ever been in a class and someone across the room was putting on hand lotion? Could you smell the lotion from where you were, even though you were all the way across the room? There was an area of high concentration of hand lotion particles where the person was applying the lotion. High concentration simply means that there were many lotion particles at that spot. At first, you were in an area of low concentration, or an area where there were few or no particles. Since all particles are in constant motion the air is always mixing and moving. Over time the lotion particles moved randomly throughout the entire room until the concentration was equal in every area. The movement of particles from an area of higher concentration to an area of lower concentration is called diffusion. If your teacher were to spray perfume into the air at the front of the room, at first you would not be able to smell it. But, the perfume particles would gradually move throughout the room until there was an even concentration of particles in every part of the room. Demonstration 1 Diffusion in Gases Materials needed: cologne or perfume Procedure: The teacher will spray perfume or cologne at the front of the room. Students will raise their hands as they begin to smell the particles. Discussion: What happened? Did everyone begin to smell the particles at the same time? Who smelled it first? Why do you think it happened this way? Explanation: The particles in a vapor or gas move much more quickly than in other states. The particles began at the area of higher concentration, which was where they were sprayed, and moved to the area of lower concentration which was throughout the rest of the room. Under normal conditions, students will raise their hands row by row as the vapor moves away from the teacher.
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Demonstration 2 Diffusion in Liquids Materials needed: a beaker with warm water, a beaker with cold water, and two different colors of food coloring Procedure: Ask the class to predict which color of food coloring will diffuse the fastest. Place a drop of food coloring in each of the beakers of water. Discussion: In which beaker did the food coloring diffuse fastest? Why did this happen? Explanation: The particles in a liquid move much more slowly than those in a gas. After a few minutes, the food coloring will have diffused throughout the entire beaker. Particles move faster when they are warmer, therefore, the beaker with the warm water diffused faster. What would happen if food coloring was put in a vat the size of your classroom? Of course it would diffuse throughout the vat, but would it move anywhere near as fast as the gas particles moved in the room? It would not. The particles in a liquid move much slower than those in a gas. It would take a long time for the food coloring particles to become evenly distributed throughout the room.



Expansion and Contraction: When heat is added or removed, expansion and contraction can take place. If heat is added, the particles will move further apart and the object will expand. For example, in the summer when the weather is warmer, a bridge or railway can heat up and expand. What would happen? If the substance gets larger, it’s volume increases. However, the mass stays the same. If volume increases, but mass remains constant, what will happen to density? CC BY NC Photo from http://www.flickr.com/photos/45012438@N00/297149472 When heat is removed, the particles in the object will get closer together and the object will contract, or get smaller. In the winter, structures will contract as the molecules loose heat and move closer together. If a substance contracts, its volume decreases but its mass stays the same. If volume is decreased, but mass remains constant, then what will happen to density?
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Have you ever seen the structures that look like metal teeth on a bridge? Those are called expansion joints. The purpose of these is to allow expansion in the summer.



You can also consider expansion and contraction when you think of sidewalks. Have you ever noticed the cracks between each slab?



http://bestandworstever.blogspot.com/2012_03_01_archive.html



“Having sidewalks built in sections allows them to expand and contract a little bit on hot or cold days. Why do sidewalks have cracks in them? Why not one long strip of concrete? Why have sidewalks come in sections? The answer: expansion. When a substance heats up it has a tendency to expand. That’s because the molecules that make it up have a greater average kinetic energy, or in other words, they’re all jostling and bumping into each other. Think of it like a room full of people. When they’re all standing still, they take up less space than when everyone is dancing. Individual parts bumping and pushing cause the whole to expand. Having sidewalks built in sections allows them to expand and contract a little bit on hot or cold days. If the whole thing were attached, it would buckle and break. Engineers have to take this fundamental property of matter into account when building everything from bridges to buildings.
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Review Questions for Standard 1 Objective 3 1. 2. 3. 4. 5. 6. 7. 8.
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Explain what temperature is. What happens to the speed of particles as they increase in heat? In your own words explain what molecular motion is. Explain what happens to particles in diffusion. What causes diffusion? Why do particles in gases and liquids diffuse, but not solids? Why does diffusion happen faster in warmer substances than in colder ones? Explain why matter expands and contracts as they heat up and cool down. Why do builders have to consider expansion and contraction of particles when building structures such as bridges and railroads?



Glossary Atom The smallest unit of matter that retains the characteristics of the type of element that it is. Contraction The decrease in the size of an object due to decreased molecular motion from loss of heat Density The measure of the amount of matter in a given volume of a substance. Diffusion The movement of particles from an area of high concentration (its source) to an area of low concentration. Electrons Negatively charged parts of an atom that are located in an electron field orbiting the nucleus of the atom. Expansion Increase in the size of an object due to increased molecular motion from increased heat Gas The least dense form of matter. The particles move rapidly and are far apart. A state of matter that has no definite volume and no definite shape. Gravity The pull of the earth or another celestial body on another object. Heat The transfer of kinetic energy or motion. Heat Energy The measure of the amount of heat present in a substance Liquid The form of matter that tends to flow freely. Particles are in constant motion and are close together, but no bonds are formed. A state of matter that has a definite volume and takes the shape of its container. Model A larger or smaller representation of an item to be studied. Mass The amount of matter in an object. Measured in grams. Matter Anything that has mass and takes up space Molecular Motion The speeds at which molecules move in solids, liquids or gases Molecules A combination of atoms in a definite ratio that are chemically combined to form a substance. Water is a molecule made of two hydrogen atoms and one oxygen atom.
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Neutrons Particles located in the nucleus of an atom that are made up of an electron and a proton giving them an overall neutral charge. Nucleus (1) The control center of a cell where the genetic material is located. Or, (2) the center of an atom that is made up of protons and neutrons. Particle A small piece of something. Term used to represent a small part of matter. Protons Positively Charged particles located in the nucleus of an atom. Solid The most dense form of matter. A state of matter with a definite volume and shape in which the atoms or molecules are arranged in an organized manner. Particle motion is limited to vibrating in place. Temperature The measure of the amount of energy present in an object. Volume The amount of space that an amount of matter occupies. Weight The measure of the earth’s gravitational attraction on an object
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