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Fission reactions can be used in the production of electricity if we control the rate at 
which the fission occurs.  The great majority of all electrical generating systems (whether 
coal burning power plants, hydroelectric plants or nuclear power plants) all follow a 
reasonably simple design. The electricity is produced by spinning a coil of wire inside a 
magnetic field. When a fluid (air, steam, water) is forced through the pipe, it spins the fan 
blades which in turn spin the axle. To generate electricity, the axle of a turbine is attached to 
the loop of wire in a generator. When a fluid is forced through the turbine, the fan blades 
turn, the turbine axle turns, and the loop of wire inside the generator turns, thus generating 
electricity.  

The essential difference in various kinds of electrical generating systems is the 
method used to spin the turbine. For a wind generator, the turbine is a windmill. In a 
geothermal generator, steam from a geyser is forced through the turbine. In hydroelectric 
generating plants, water falling over a dam passes through the turbine and spins it. In fossil 
fuel (coal, oil, natural gas) generating plants, the fossil fuel is burned and the heat is used to 
boil water into steam and then the steam passes through the turbine and makes it spin. In a 
fission reactor generating plant, a fission reaction is used to boil the water into steam and the 
steam passes through the turbine to make it spin. Once the steam is generated by the fission 
reaction, a nuclear power plant is essentially the same as a fossil fuel plant.  

Naturally occurring uranium is composed almost totally of two uranium isotopes. It 
contains more than 99% uranium-238 and less than 1% uranium-235. It is the uranium-235, 
however, that is fissionable (will undergo fission). In order for uranium to be used as fuel in 
a fission reactor, the percentage of uranium-235 must be increased, usually to about 3%. 
(Uranium in which the U-235 content is more than 1% is called enriched uranium.) 

Once the supply of U-235 is acquired, it is placed in a series of long cylindrical tubes 
called fuel rods. These fuel cylinders are bundled together with control rods made of 
neutron-absorbing material. The amount of U-235 in all the fuel rods taken together is 
adequate to carry on a chain reaction but is less than the critical mass. (In the United States, 
all public nuclear power plants contain less than a critical mass of U-235 and therefore, could 
never produce a nuclear explosion.) The amount of heat generated by the chain reaction is 
controlled by the rate at which the nuclear reaction occurs. The rate of the nuclear reaction is 
dependent on how many neutrons are emitted by one U-235 nuclear disintegration and strike 
a new U-235 nucleus to cause another disintegration. The purpose of the control rods is to 
absorb some of the neutrons and thus stop them from causing further disintegrations. The 
control rods can be raised or lowered into the fuel rod bundle. When the control rods are 
lowered all the way into the fuel rod bundle, they absorb so many neutrons that the chain 
reaction essentially stops. When more heat is desired, the control rods are raised so they 
catch fewer neutrons, the chain reaction speeds up and more heat is generated. The control 
rods are operated in a fail-safe system so that power is necessary to hold them up; and during 
a power failure, gravity will pull the control rods down into shut off position.  

U-235 nuclei can capture neutrons and disintegrate more efficiently if the neutrons 
are moving slower than the speed at which they are released. Fission reactors use a moderator 
surrounding the fuel rods to slow down the neutrons. Water is not only a good coolant but 
also a good moderator so a common type of fission reactor has the fuel core submerged in a 
huge pool of water.   

You can follow the operation of an electricity-generating fission reactor in the figure.  
The reactor core is submerged in a pool of water. The heat from the fission reaction heats the 
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water and the water is pumped into a heat exchanger container where the heated water boils 
the water in the heat exchanger. The steam from there is forced through a turbine which spins 
a generator and produces electricity. After the water passes through the turbine, it is 
condensed back to liquid water and pumped back to the heat exchanger.  

In the United States, heavy opposition to the use of nuclear energy was mounted in 
the late 1960s and early 1970s. Every environmentalist organization in the US opposed the 
use of nuclear energy and the constant pressure from environmentalist groups brought 
increased public fear and therefore, opposition. This is not true today; at least one 
environmental leader has published a paper in favor of nuclear powered electricity 
generation.  

In 1979, a reactor core meltdown at Pennsylvania’s Three Mile Island nuclear power 
plant reminded the entire country of the dangers of nuclear radiation. The concrete 
containment structure (six feet thick walls of reinforced concrete), however, did what it was 
designed to do – prevent radiation from escaping into the environment. Although the reactor 
was shut down for years, there were no injuries or deaths among nuclear workers or nearby 
residents. Three Mile Island was the only serious accident in the entire history of 103 civilian 
power plants operating for 40 years in the United States. There has never been a single injury 
or death due to radiation in any public nuclear power plant in the U.S. The accident at Three 
Mile Island did, however, frighten the public so that there has not been a nuclear plant built 
in the U.S. since the accident.  

The 103 nuclear power plants operating in the U.S. deliver approximately 19.4% of 
American electricity with zero greenhouse gas emission. There are 600 coal-burning electric 
plants in the US delivering 48.5% of American electricity and producing 2 billion tons of 
CO2 annually, accounting for 40% of U.S. CO2 emissions and 10% of global emissions. 
These coal burning plants also produce 64% of the sulfur dioxide emissions, 26% of the 
nitrous oxide emissions, and 33% of mercury emissions.  
 

 
A fission reactor. 
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Fusion 
Nuclear reactions, in which two or more lighter-mass nuclei join together to form a 

single nucleus, are called fusion reactions or nuclear fusions. Of particular interest are fusion 
reactions in which hydrogen nuclei combine to form helium. Hydrogen nuclei are positively 
charged and repel each other. The closer the particles come, the greater is the force of 
repulsion. In order for fusion reactions to occur, the hydrogen nuclei must have extremely 
high kinetic energies so the velocities can 
overcome the forces of repulsion. These kinetic 
energies only occur at extreme temperatures such 
as those that occur in the cores of the sun and 
other stars. Nuclear fusion is the power source 
for the stars where the necessary temperature to 
ignite the fusion reaction is provided by massive 
gravitational pressure.  In stars more massive 
than our sun, fusion reactions involving carbon 
and nitrogen are possible. These reactions 
produce more energy than hydrogen fusion 
reactions.  

Intensive research is now being 
conducted to develop fusion reactors for 
electricity generation. The two major problems 
slowing up the development is finding a practical means for generating the intense 
temperature needed and developing a container than won’t melt under the conditions of a 
fusion reaction. Electricity-producing fusion reactors are still a distant dream.  
 
Uses of Nuclear Radiation 

It is unfortunate that when the topics of radioactivity and nuclear energy come up, 
most thoughts probably go to weapons of war. The second thought might be about the 
possibility of nuclear energy contributing to the solution of the energy crisis. Nuclear energy, 
however, has many applications beyond bombs and the generation of electricity. 
Radioactivity has huge applications in scientific research, several fields of medicine both in 
terms of imaging and in terms of treatment, industrial processes, some very useful 
appliances, and even in agriculture.  

The field of nuclear medicine has expanded greatly in the last twenty years. A great 
deal of the expansion has come in the area of imaging. This section will focus on nuclear 
medicine involving the types of nuclear radiation introduced in this chapter. The x-ray 
imaging systems will not be covered.  

Radioiodine (I-131) Therapy involves imaging and treatment of the thyroid gland. 
The thyroid gland is a gland in the neck that produces two hormones that regulate 
metabolism. In some individuals, this gland becomes overactive and produces too much of 
these hormones. The treatment for this problem uses radioactive iodine (I-131) which is 
produced for this purpose in research fission reactors or by neutron bombardment of other 
nuclei.  

The thyroid gland uses iodine in the process of its normal function. Any iodine in 
food that enters the bloodstream is usually removed by, and concentrated in the thyroid 
gland. When a patient suffering from an overactive thyroid swallows a small pill containing 

 
The energy that comes from the sun and 
other stars is produced by fusion. (Source: 
http://commons.wikimedia.org/wiki/File:Su
n-in-X-ray. Public Domain)  
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radioactive iodine, the I-131 is absorbed into the bloodstream just like non-radioactive iodine 
and follows the same process to be concentrated in the thyroid. The concentrated emissions 
of nuclear radiation in the thyroid destroy some of the gland’s cells and control the problem 
of the overactive thyroid.  

Smaller doses of I-131 (too small to kill cells) are also used for purposes of imaging 
the thyroid. Once the iodine is concentrated in the thyroid, the patient lays down on a sheet of 
film and the radiation from the I-131 makes a picture of the thyroid on the film. The half-life 
of iodine-131 is approximately 8 days so after a few weeks, virtually all of the radioactive 
iodine is out of the patient’s system. During that time, they are advised that they will set off 
radiation detectors in airports and will need to get special permission to fly on commercial 
flights.  

Positron Emission tomography or PET scan is a type of nuclear medicine imaging. 
Depending on the area of the body being imaged, a radioactive isotope is either injected into 
a vein, swallowed by mouth, or inhaled as a gas. When the radioisotope is collected in the 
appropriate area of the body, the gamma ray emissions are detected by a PET scanner (often 
called a gamma camera) which works together with a computer to generate special pictures, 
providing details on both the structure and function of various organs. PET scans are used to:  

 detect cancer  
 determine the amount of cancer spread  
 assess the effectiveness of treatment plans  
 determine blood flow to the heart muscle  
 determine the effects of a heart attack  
 evaluate brain abnormalities such as tumors and memory disorders  
 map brain and heart function  

 
External Beam Therapy (EBT) is a method of delivering a high energy beam of 

radiation to the precise location of a patient’s tumor. These beams can destroy cancer cells 
and with careful planning, NOT kill surrounding cells. The concept is to have several beams 
of radiation, each of which is sub-lethal, enter the body from different directions. The only 
place in the body where the beam would be lethal is at the point where all the beams 
intersect. Before the EBT process, the patient is three-dimensionally mapped using CT scans 
and x-rays. The patient receives small tattoos to allow the therapist to line up the beams 
exactly. Alignment lasers are used to precisely locate the target. The radiation beam is 
usually generated with a linear accelerator. EBT is used to treat the following diseases as 
well as others:  

 breast cancer  
 colorectal cancer  
 head and neck cancer  
 lung cancer  
 prostate cancer  

 
Lesson Summary 

 Naturally radioactive elements exist in the earth and are either alpha or beta emitters.  
 Artificial transmutation of elements can be accomplished by bombarding the nuclei of 

some elements with alpha or subatomic particles.  
 Nuclear fission refers to the splitting of atomic nuclei.  
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 Nuclear fusion refers to the joining together to two or more smaller nuclei to form a 
single nucleus.  

 The fission of U-235 or Pu-239 is used in nuclear reactors.  
 Nuclear radiation also has many medical uses.  

 
Vocabulary 

 Chain reaction: A multi-stage nuclear reaction that sustains itself in a series of 
fissions in which the release of neutrons from the splitting of one atom leads to the 
splitting of others.  

 Critical mass: The smallest mass of a fissionable material that will sustain a nuclear 
chain reaction at a constant level.  

 Fission: A nuclear reaction in which a heavy nucleus splits into two or more smaller 
fragments, releasing large amounts of energy.  

 Fusion: A nuclear reaction in which nuclei combine to form more massive nuclei with 
the simultaneous release of energy.  

 Control rods : Control rods are made of chemical elements capable of absorbing 
many neutrons and are used to control the rate of a fission chain reaction in a nuclear 
reactor.  

 
Further Reading / Supplementary Links 

 A short animation of nuclear fission can be viewed at 
http://www.classzone.com/cz/books/woc_07/resources/htmls/ani_chem/chem_flash/p
opup.html?layer=act&src=qtiwf_act129.1.xml  

 A short animation of nuclear fusion can be viewed at 
http://www.classzone.com/cz/books/woc_07/resources/htmls/ani_chem/chem_flash/p
opup.html?layer=act&src=qtiwf_act130.1.xml  

 Nuclear Power VS. Other Sources of Power, Neil M. Cabreza, Department of Nuclear 
Engineering, University of California, Berkeley, NE-161 Report. Available at 
http://www.nuc.berkeley.edu/thyd/ne161/ncabreza/sources.  

 Chemistry, A Modern Course, Chapter 28: Nuclear Chemistry, Robert C. Smoot, Jack 
Price, and Richard G. Smith, Merrill Publishing Co., 1987.  

 www.hps.org/publicinformation/ate/cat10.html  
 www.sciencemag.org/cgi/content/full/309/5732/233  
 www.hrd.qut.edu.au/toolkit/Faqs/radiation.jsp  
 www.radiationnetwork.com/RadiationNetwork.htm  
 http://www.iaea.org/NewsCenter/Features/Chernobyl-15  
 http://www.doh.wa.gove/ehp/rp/factsheets-pd/fs10  
 http://www.radscihealth.org/rsh/About  
 http://nrc.gov/reading-rm/doc-collections  
 http://www.world-nuclear.org/info/Chernobyl  
 http://www.iaea.org/NewsCenter/Features/Chernobyl-15  
 http://www.nuclearweaponarchive.org/Russia/Tsarbomba.html  
 http://www.atomicarchive.com/effects/index.shtml  
 http://www.en.wikipedia.org  
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10.4: Review Questions 
1) What is fission? 
2) What is fusion? 
3) Compared to ordinary chemical reactions (such as burning wood), how much energy is 

given off in nuclear reactions? 
4) What is the primary physical difference between a nuclear electricity generating plant and 

a coal-burning electricity generating plant? 
5) What do the control rods in a nuclear reactor do and how do they do it? 
6) Is it possible for a nuclear explosion to occur in a nuclear reactor? Why or why not? 
For each of the following, indicate which type of nuclear change is used (fission, fusion, or 
nuclear decay/radiation): 
7) Nuclear power plants 
8) Biological tracers 
9) Energy from the stars  
10) Cancer treatment 
11) Nuclear warheads 

 
10.5: Big Bang Theory 
Objectives j

 Describe the statement “Big Bang Theory” 
 Give evidence for the Big Bang Theory 

 
Introduction 

The Big Bang is the currently accepted theory of the early development of 
the universe. Cosmologists study the origin of the universe and use the term Big Bang to 
illustrate the idea that the universe was originally an extremely hot and dense point in the 
space at some finite time in the past and has since cooled by expanding to the present state.   
The universe continues to expand today. The theory is supported by the most comprehensive 
and accurate explanations from current scientific evidence and observation.  According to the 
best available measurements the big bang occurred about 13.75 billion years ago.  

According to the theory the Universe would have cooled sufficiently to allow energy 
to be converted into subatomic particles (protons, neutrons, and electrons and many other 
particles). While protons and neutrons would have formed the first atomic nuclei only a few 
minutes after the Big Bang, it would then have taken thousands of years for electrons loose 
enough energy to form neutral atoms. The first element produced would be hydrogen.  Giant 
clouds of these primordial elements would then form stars and galaxies.  Other elements 
were formed by fusion within the stars.  
 
Evidence for the Big Bang Theory 

Many scientists have contributed to gathering evidence and developing theories to 
contribute to our understanding of the origin of the universe and the Big Bang Theory.  
Georges Lemaître, a Belgian priest, physicist, and astronomer was the first person to propose 
the theory of the expansion of the Universe and proposed his hypothesis of the primeval atom 
which later became known as the Big Bang Theory.   Lemaître’s hypothesis used the work of 
earlier astronomers and proposed that the inferred recession of the nebulae (later shown to be 
galaxies) was due to the expansion of the Universe.  
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More evidence of the expanding universe was provided by Alexander Friedmann, 
Russian cosmologist and mathematician.  He derived the “Friedmann” equations from Albert 
Einstein's equations of general relativity, showing that the Universe might be expanding in 
contrast to the static Universe model advocated by Einstein at that time. Albert Einstein had 
found that his newly developed theory of general relativity indicated that the universe must 
be either expanding or contracting. Unable to believe what his own equations were telling 
him, Einstein introduced a “fudge factor”  to the equations to avoid this "problem". When 
Einstein heard of Hubble's discovery, he said that changing his equations was "the biggest 
blunder of his life." 

Edwin Hubble is regarded as the leading observational cosmologist of the 1900’s.  He 
is credited with the discovery of galaxies other than the Milky 
Way.  In 1929 Hubble presented evidence that galaxies were 
moving away from each other and that galaxies that are further 
away are moving faster, as first suggested by Lemaître in 1927.  
Hubble’s evidence is now known as red shift. This discovery was 
the first observational support for the Big Bang Theory.  If the 
distance between galaxies is increasing today, then galaxies and 
everything else in the universe must have been closer together in 
the past. In the very distant past, the universe must have indeed 
been extremely small and had extreme densities and temperatures.   

The opponents to Big Bang Theory argued that if the universe had existed as a point 
in space, large amounts of radiation would have been produced as the subatomic particles 
formed from the cooling and expanding energy.  After cosmic microwave background 
radiation was discovered in 1964 and the analysis matched the amount of missing radiation 
from the Big Band, most scientists were fairly convinced by the evidence that some Big Bang 
scenario must have occurred.   

In the last quarter century, large particle accelerators have been built to provide 
significant confirmation of the Big Bang Theory.  Several particles have been discovered 
which support the idea that energy can be converted to particles which combine to form 
protons.  Although these accelerators have limited capabilities when probing into such high 
energy regimes, significant evidence continues to support the Big Bang Theory.  

 
Elements and Big Bang Theory 

If the Big Bang theory was correct, scientists predicted that they should still find most 
of the universe to be still composed of the hydrogen that was formed in the first few minutes 
after the big bang as the universe cooled and expanded.  The observed abundances of 
hydrogen and other very light elements throughout the universe closely match the calculated 
predictions for the formation of these elements from the rapid expansion and cooling in the 
first minutes of the Universe.  Over 90% of the entire universe remains in the lightest of the 
elements, hydrogen and helium.  The heavier elements, from helium to iron were formed 
from fusion within stars.  Fred Hoyle, who originally criticized Big Bang Theory, provided 
an explanation of nuclear fusion in stars as that later helped considerably in the effort to 
describe how heavier elements were formed from the initial hydrogen.   

The earth consists of much heavier elements.  The most abundant elements in the 
earth’s crust include oxygen, silicon, and aluminum.  These elements were formed by fusion 
of the earliest (and heaviest stars) formed.  The core of the earth is primarily iron.  This iron 
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was also formed is these very early, heavy stars.  The radioactive elements found on the earth 
were most probably formed as these heavy stars died the violent death known as supernovae.  
The iron (and other elements near it on the periodic table) were thrown into the void of space 
with very high speeds allowing them to form still heavier elements by a similar process to 
which transuranium (artificial or man-made) elements have been formed during the 20th 
century.   
 
Lesson Summary 

 The Big Bang Theory proposes that all matter in the universe was once contained in a 
small point, but has since expanded and cooled. 

 The theory is supported by scientists as it provides a satisfactory explanation for the 
observations that the universe is expanding today, that the universe is composed 
mostly of hydrogen and oxygen, cosmic background radiation, etc. 

 The theory also provides as explanation for where elements heavier than hydrogen 
were formed, through fusion into heavier elements 

 
Vocabulary 

 Big Bang Theory: the idea that the universe was originally extremely hot and dense at 
some finite time in the past and has since cooled by expanding to the present state and 
continues to expand today 

 Cosmic background radiation: energy in the form of radiation leftover from the early 
big bang 

 
Further Reading / Supplementary Links 

 http://www.en.wikipedia.org  
 To see a video documenting the early history of the concept of the atom, go to 

http://www.uen.org/dms/.  Go to the k-12 library.  Search for “Stephen Hawking”.  
Watch program 2: In The Beginning.  (you can get the username and password from 
your teacher) 

 
10.5: Review Questions 
1) What is red shift? What causes it to occur? 
2) What does redshift indicate? 
3) How old is the universe, according to the Big Bang Theory? 
4) Why is the abundance of hydrogen and helium so important in accepting Big Bang 

Theory? 
5) What evidence exists that the Big Bang did occur?  How do these evidences support the 

theory? 
6) Earth (and the other inner planets) contains large amounts of elements heavier than 

carbon.  Where did these elements come from? 
7) The Big Bang is considered a theory.  Lemaître’s work is considered a hypothesis.  

Hubble is known for the law of comic expansion.  Compare and contrast these three 
concepts.  Why is one considered a hypothesis, one a theory, and still another a law? 
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Unit 3: Gases 
11.1: Gases and Kinetic Theory 
Objectives j

 Compare the properties of gases, liquids and solids 
 Convert between units of volume, pressure, and pressure 
 State the relationship between temperature and kinetic energy 

 
Introduction 

The Kinetic Molecular Theory allows us to explain the existence of the three phases 
of matter: solid, liquid, and gas. In addition, it helps explain the physical characteristics of 
each phase and how phases change from one to another. The Kinetic Molecular Theory is 
essential for the explanations of gas pressure, compressibility, diffusion, and mixing. Our 
explanations for reaction rates and equilibrium also rest on the concepts of the Kinetic-
Molecular Theory. 

Gases are tremendously compressible, can exert massive pressures, expand nearly 
instantaneously into a vacuum, and fill every container they are placed in regardless of size. 
All of these properties of gases are due to their molecular arrangement. 
 
Volume of Gases 

In dealing with gases, we lose the meaning of the word “full.” A glass of water may 
be 1/4 full or 1/2 full or full, but a container containing a gaseous substance is always full. 
The same amount of gas will fill a quart jar, or a gallon jug, a barrel, or a house. The gas 
molecules separate farther from each other and spread out uniformly until they fill whatever 
container they are in. Gases can be compressed to small fractions of their original volume 
and expand to fill virtually any volume. If gas molecules are pushed together to the point that 
they touch, the substance would then be in the liquid form. One method of converting a gas 
to a liquid is to cool it and another method is to compress it. 

The two most common ways of expressing volume are using mL and L.  You will 
need to be able to convert between these two units.  The relationship is as follows: 

1000 mL = 1 L 
 
Pressure of Gases 

The constant random motion of the gas molecules causes them to collide with each 
other and with the walls of their container. These collisions of gas molecules with their 
surroundings exert a pressure on the surroundings. When you blow up a balloon, the air 
particles inside the balloon push against the elastic sides, the walls of the balloon are pushed 
outward and kept firm. This pressure is produced by air molecules pounding on the inside 
walls of the balloon. 
 There are three two units of pressure commonly used in chemistry.  Pressure is 
commonly measured on a device called a monometer, similar to the barometer which a 
meteorologist uses.  Pressures in monometers are typically recorded in units of millimeters of 
mercury, abbreviated mmHg.  Pressure is defined as the force exerted divided by the area 
over which the force is exerted. 
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The air molecules in our atmosphere exert pressure on every surface that is in contact 

with air. The air pressure of our atmosphere at sea level is approximately 15 pounds/in2. This 
pressure is unnoticed, because the air is not only outside the surfaces but also inside allowing 
the atmospheric air pressure to be balanced. The pressure exerted by our atmosphere will 
become quickly noticed, however, if the air is removed or reduced inside an object. A 
common demonstration of air pressure makes use of a one-gallon metal can. The can has a 
few drops of water placed inside and is then heated to boiling. The water inside the can 
vaporizes and expands to fill the can pushing the air out. The lid is then tightly sealed on the 
can. As the can cools, the water vapor inside condenses back to 
liquid water leaving the inside of the can with a lack of air 
molecules. As the water vapor condenses to liquid water, the air 
pressure outside the can slowly crushes the can flat.  

People, of course, also have atmospheric pressure pressing 
on them. An averaged sized person probably has a total force 
exerted on them from the atmosphere in excess of 25,000 pounds. 
 Fortunately, people also have air inside them to balance the force. 
A device to measure atmospheric pressure, the barometer, was 
invented in 1643 by an Italian scientist named Evangelista Torricelli 
(1608 – 1647) who had been a student of Galileo. Torricelli’s 
barometer was constructed by filling a glass tube, open at one end 
and closed at the other, with liquid mercury and then inverting the 
tube in a dish of mercury. 

The mercury in the tube fell to a height such that the 
difference between the surface of the mercury in the dish and the top of the mercury column 
in the tube was 760 millimeters.  The volume of empty space above the mercury in the tube 
was a vacuum.  The explanation for why the mercury stays in the tube is that there are air 
molecules pounding on the surface of the mercury in the dish and there are no air molecules 
pounding on the top of the mercury in the tube. The weight of the mercury in the tube 
divided by the area of the opening in the tube is exactly equal to the atmospheric pressure.  

The height to which the mercury is held would only be 760 millimeters when air 
pressure is normal and at sea level. The atmospheric pressure changes due to weather 
conditions and the height of the mercury in the barometer will change with it. Atmospheric 
pressure also varies with altitude. Higher altitudes have lower air pressure because the air is 
“thinner” – fewer air molecules per unit volume. In the mountains, at an altitude of 9600 feet, 
the normal atmospheric pressure will only support a mercury column of 520 mmHg. 

For various reasons, chemistry has many different units for measuring and expressing 
gas pressure. You will need to be familiar with most of them so you can convert them into 
preferred units. Because instruments for measuring pressure often contain a column of 
mercury, the most commonly used units for pressure are based on the height of the mercury 
column that the gas can support. The original unit in chemistry for gas pressure 
was mmHg (millimeters of mercury). Standard atmospheric pressure at sea level is 760. 
mmHg. This unit is something of a problem because while it is a pressure unit, it looks a lot 
like a length unit. Students, in particular, occasionally leave off the Hg and then it definitely 
appears to be a length unit. To eliminate this problem, the unit was given another name. It 

 
Barometer 
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was called the torr in honor of Torricelli. 760 torr is exactly the same as 760 mmHg. For 
certain work, it became convenient to express gas pressure in terms of multiples of normal 
atmospheric pressure at sea level and so the unit atmosphere (atm) was introduced.  The 
conversion you need to know between various pressure units are: 

1.00 atm = 760. mmHg = 760. torr 
 
Example:  Convert 425 mmHg to atm. 
Solution 
The conversion factor is 760. mmHg = 1.00 atm 

 

 
This example shows how to perform this conversion using dimensional analysis.  If 

you are the memorizing type, you can just memorize that to convert from mmHg to atm you 
must divide by 760. 
 
Gas Temperature and Kinetic Energy 

Kinetic energy is the energy of motion and therefore, all moving objects have kinetic 
energy. The mathematical formula for calculating the kinetic energy of an object is KE=1/2 
mv2, where m is the mass and v is the velocity of the object or particle.  This physics formula 
applies to all objects in exactly the same way whether we are talking about the moon moving 
in its orbit, a baseball flying toward home plate, or a gas molecule banging around in a bottle. 
All of these objects have kinetic energy and their kinetic energies can all be calculated with 
the same formula. The kinetic energy of a molecule would be calculated in exactly this same 
way. You should note that if the mass of an object is doubled while its velocity remains the 
same, the kinetic energy of the object would also be doubled. If, on the other hand, the 
velocity is doubled while the mass remains the same, the kinetic energy would be quadrupled 
because of the square in the formula. 

When you measure the temperature of a group of molecules, what you are actually 
measuring is their average kinetic energy. They are the same thing but expressed in different 
units. The formula for this relationship is KEave=3/2RT where R is the gas constant and T is 
the absolute temperature, measured in Kelvin.  When a substance is heated, the average 
kinetic energy of the molecules is increased.  Since the mass of the molecules cannot be 
increased by heating, it is clear that the velocity of the molecules is increasing.  

Remember, the motion of molecules is related to their temperature. If you think of the 
average kinetic energy of a group of molecules and temperature measured in degrees Kelvin, 
the relationship is a direct proportion.  That means that if the temperature, in Kelvin, is 
doubled the kinetic energy of the particles is also doubled.  It is absolutely vital that you keep 
in mind that the mathematical relationship between the temperature and the average kinetic 
energy of molecules only exists when the temperature is expressed in the Kelvin scale. In 
order for the direct proportion to exist, the molecules must have zero kinetic energy when the 
temperature is zero. The temperature at which molecular motion stops is 0 K (-273 C).  It is 
surely apparent to you that molecules do NOT have zero kinetic energy at 0 C. Balloons and 
automobile tires do not go flat when the outside temperature reaches 0 C. If temperature is 
measured in Kelvin degrees, then the average kinetic energy of a substance at 100 K is 
exactly double the average kinetic energy of a substance at 50 K. Make sure all the 
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calculations you do dealing with the kinetic energy of molecules is done with Kelvin 
temperatures. 
 Some important principles can be derived from this relationship: 

1. All gases at the same temperature have the same average kinetic energy. 
2. Heavier gases must move more slowly in order to have the same kinetic energy as 

lighter gases. 
 
Example:  If molecules of H2, O2, and N2 are all placed in the same container at the same 
temperature, which molecules will have the greatest velocity? 
Solution:  Because they are at the same temperature, they will have the same energy.  
However, lighter particles must move faster in order to have the same kinetic energy.  We 
must, therefore, look at their masses.  Use your periodic table: 
Mass of H2 = 2(1.008 g/mol) = 2.016 g/mol 
Mass of O2 = 2(16.00 g/mol) = 32.00 g/mol 
Mass of N2 = 2(14.01 g/mol) = 28.02 g/mol 
 
Because H2 is the lightest, it must have the greatest velocity in order to have the same energy 
(the same temperature) as the other gases. 
 
Section Summary 

 The collisions between molecules are perfectly elastic. The phrase “perfectly elastic 
collision” comes from physics and means that kinetic energy is conserved in 
collisions. 

 The molecules of an ideal gas have no attraction or repulsion for each other. 
 At any given moment, the molecules of a gas have different kinetic energies. We deal 

with this variation by considering the average kinetic energy of the molecules. The 
average kinetic energy of a group of molecules is measured by temperature. 

 Molecules of a gas are so far apart, on average, that the volume of the molecules 
themselves in negligible compared to the volume of the gas. 

 Molecular collisions with container walls cause the gas to exert pressure. 
 Because of the molecular motion of molecules, they possess kinetic energy at all 

temperatures above absolute zero. 
 Temperature is directly proportional to the average kinetic energy of gas molecules.  
 Lighter gases will have higher velocities than heavier gases, at the same temperature 

and pressure. 
 In the Kelvin scale, 0 K means the particles have no kinetic energy.  Doubling the 

temperature in Kelvin doubles the kinetic energy of particles. 
 Real gases tend to deviate from ideal gases at high pressures and low temperatures, as 

the attractive forces between molecules and the volume of gas molecules becomes 
significant 

 
Vocabulary 

 Kelvin temperature:  The absolute temperature scale where 0 K is the theoretical 
absence of all thermal energy (no molecular motion). 

 Kinetic energy:  Kinetic energy is the energy a body possesses due to it 
motion, KE=1/2mv2. 
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 Kinetic theory: used to explain how properties of gases 
 Pressure: a measure of the force with which gas particles collide with the walls of 

their containers 
 Temperature: a measurement of the kinetic energy of particles 

 
 
11.2: Gas Laws 
Objectives j

 Predict effect on pressure, volume, or temperature if one of the other variables are 
changed. 

 Solve problems using the combined gas law 
?maybe do combined first and get other gas laws after 
Introduction 

Gases are often characterized by their volume, temperature, and pressure. These 
characteristics, however, are not independent of each other. Gas pressure is dependent on the 
force exerted by the molecular collisions and the area over which the force is exerted. The 
force exerted by the molecular collisions is dependent on the absolute temperature and so 
forth. The relationships between these characteristics can be determined both experimentally 
and logically from their mathematical definitions. 

The gas laws are mathematical relationships that exist for gases between the volume, 
pressure, temperature, and quantity of gas present. They were determined experimentally 
over a period of 100 years. They are logically derivable from our present day definitions of 
pressure, volume, and temperature. 
 
Boyle’s Law: Pressure vs. Volume 

The relationship between the pressure and 
volume of a gas was first determined 
experimentally by an Irish chemist named Robert 
Boyle (1627-1691). The relationship between the 
pressure and volume of a gas is commonly 
referred to as Boyle’s Law. 

When we wish to observe the relationship 
between two variables, it is absolutely necessary to 
keep all other variables constant so that the change 
in one variable can be directly related to the 
change in the other. Therefore, when the 
relationship between gas volume and gas pressure 
is investigated, the quantity of gas and its 
temperature must be held constant so these factors 
do not contribute to any observed changes. 

You may have noticed that when you try to 
squeeze a balloon, the resistance to squeezing is 
greater as the balloon becomes smaller. That is, the pressure inside the balloon becomes 
greater when the volume is reduced. This phenomenon can be studied more carefully with an 
apparatus like that in Figure 9. This is a cylinder tightly fitted with a piston that can be raised 
or lowered. There is also a pressure gauge fitted to the cylinder so that the gas pressure inside 

 
PV Data 

Trial Volume Pressure 
1 8.0 L 1.0 atm 
2 4.0 L 2.0 atm 
3 2.0 L 4.0 atm 
4 1.0 L 8.0 atm 

Volume and pressure data for a gas sample. 
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the cylinder can be measured. The amount of gas inside the cylinder cannot change and the 
temperature of the gas is not allowed to change. 

In the picture on the right, the volume of the gas is 4.0 L and the pressure exerted by 
the gas is 2.0 atm. If the piston is pushed down to 
decrease the volume of the gas to 2.0 L, the pressure of 
the gas is found to increase to 4.0 atm. The piston can be 
moved up and down to positions for several different 
volumes and the pressure of the gas read at each of the 
volumes.  

We might note from casual observation of the 
data that doubling volume is associated with the 
pressure being reduced to half and if we move the piston 
to cause the pressure to double, the volume is halved.  
The data show that the relationship is an inverse 
relationship, meaning that as volume increases the 
pressure decreases.  The opposite is also true. 
 
 Boyle’s Law can be summarized in the following equation: 

 
Where: 

 P1=the initial pressure 
 V1=the initial volume 
 P2=the final pressure 
 V2=the final volume 

For this equation, the units used for pressure are unimportant, as long as both pressures have 
the same unit (either mmHg or atm) and each volume has the same unit (either mL or L). 
 
Charles’s Law: Temperature and Volume 

The relationship between the volume and temperature of a gas was investigated by a 
French physicist, Jacques Charles (1746-1823). (As a piece of trivia, Charles was also the 
first person to fill a large balloon with hydrogen gas 
and take a solo balloon flight.) The relationship 
between the volume and temperature of a gas is 
often referred to as Charles’s Law. 

An apparatus that can be used to study the 
relationship between the temperature and volume of 
a gas is shown in the picture to the right. Once 
again, we have a sample of gas trapped inside a 
cylinder so no gas can get in or out. Thus we have a 
constant mass of gas. We also have a mass set on 
top of a moveable piston to keep a constant force 
pushing against the gas. This guarantees that the gas 
pressure in the cylinder will be constant because if 
the pressure inside increases, the piston will be 
pushed up expanding inside volume until the inside 
pressure becomes equal to outside pressure again. 

 
The picture on the left shows the volume of a 
sample of gas at 250. K and the picture on 
the right shows the volume when the 
temperature has been raised to 500 K.  

 
The relationship between volume and 
pressure is an inverse relationship. 
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Similarly, if the inside pressure decreases, the outside pressure will push the cylinder down, 
decreasing volume, until the two pressures again 
become the same. This system guarantees constant gas 
pressure inside the cylinder. 

This relationship is a direction relationship.  If 
the temperature, in Kelvin, doubles, so does the volume.  
This relationship would also be expected when we 
recognize that we are increasing the total force of 
molecular collisions with the walls by raising the 
temperature and the only way to keep the pressure from 
increasing is to increase the area over which that larger 
force is exerted. This mathematical relationship is 
known as a direct proportionality. When one variable is 
increased, the other variable also increases by exactly 
the same factor.  An equation to show how these values are related is given by: 

 
 
This relationship is ONLY true if the temperature is measured in Kelvin.  However, the units 
of volume are irrelevant, as long as the two volumes are measured in the same units. 
 
Gay-Lussac’s Law: Temperature and Pressure 

The relationship between temperature and 
pressure was investigated by the French chemist, 
Joseph Gay-Lussac (1778-1850). In an apparatus 
used for this investigation, the cylinder does not have 
a moveable piston because it is necessary to hold the 
volume constant as well as the quantity of gas. This 
apparatus allows us to alter the temperature of a gas 
and measure the pressure exerted by the gas at each 
temperature. 

After a series of temperatures and pressures 
have been measured, a data table like the others can 
be produced. 

Temperature and pressure are also directly 
related, meaning that if the temperature, in Kelvin, 
doubles, so does the pressure.  This relationship is also 
logical since by increasing temperature, we are 
increasing the force of molecular collision and keeping 
the area over which the force is exerted constant requires 
that the pressure increases. 

 
 

 

Pressure vs. Temperature Data 
Trial Temperature Pressure 

1 200. K 600. mmHg 
2 300. K 900 mmHg 
3 400. K 1200 mmHg 
4 500. K 1500 mmHg 

Temperature and pressure data.  Note 
that if the temperature doubles from 
200. K to 400. K, the pressure also 
doubles. 

 
Volume and temperature (in K) are 
directly related. 

 
Pressure and temperature (in K) are 
directly related in Gay-Lussac’s 
Law 
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Standard Temperature and Pressure (STP) 
It should be apparent by now that expressing a quantity of gas simply by stating its 

volume is totally inadequate. Ten liters of oxygen gas could contain any mass of oxygen 
from 4000g to 0.50g  depending on the temperature and pressure of the gas. Chemists have 
found it useful to have a standard temperature and pressure with which to express gas 
volume. The standard conditions of temperature and pressure (STP) were chosen to be 0 C 
(273 K) and 1.00 atm (760 mmHg).  You will commonly see gas volumes expressed as 1.5L 
at STP. Once you know the temperature and pressure conditions of a volume of gas, you can 
calculate the volume at other conditions and you can also calculate the mass of the gas if you 
know the formula. 
 
The Combined Gas Law 

Boyle’s Law shows how the volume of a gas changes when its pressure is changed 
(temperature held constant) and Charles’s Law shows how the volume of a gas changes when 
the temperature is changed (pressure held constant). Is there a formula we can use to 
calculate the change in volume of a gas if both pressure and temperature change? The answer 
is “yes”, we can use a formula that combines Boyle’s Law and Charles’s Law. 

This equation is most commonly written in the from shown below and is known as 
the Combined Gas Law. 

 
As in the other laws, when solving problems with the combined gas law, temperatures must 
always be in Kelvin.  The units for pressure and volume may be any appropriate units but the 
units for each value of pressure must be the same and the units for each value of volume must 
be the same. 
 Another interesting point about the combined gas law is that all the other gas laws 
(Charles’, Gay-Lussac’s, and Boyle’s) can be derived from this equation.  To do this, you 
simply cancel out the variable that was held constant in the reaction.  For example, 
temperature is constant in Boyle’s Law.  If you cancel the temperature’s out of Boyle’s Law, 
you get: 

 
Although the other equations are not as obvious, the same method can be used to derive the 
other equations.  If you are able to derive the other equations, you will not have to memorize 
them. 
 
Example:  A sample of gas has a volume of 400. liters when its temperature is 20. C and its 
pressure is 300. mmHg. What volume will the gas occupy at STP? 
Solution: 
Step 1: Identify the given information & check units.  Temperature must be in Kelvin.  
Volume units must match and pressure units must match. 
P1=300 mmHg 
V1=400. L 
T1=293 K (remember, ALL temperatures must be in Kelvin) 
P2=760 mmHg (standard pressure) 
V2=? 
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T2=273 K 
Step 2: Solve the combined gas law for the unknown variable. 

 

 
V2=147 L 
 
Example: A sample of gas occupies 1.00 under standard conditions. What temperature 
would be required for this sample of gas to occupy 1.50 L and exert a pressure of 2.00 atm? 
Solution: 
Step 1: Identify the given information & check units.  Temperature must be in Kelvin.  
Volume units must match and pressure units must match. 
P1=1.00 atm (standard pressure) 
V1=1.00 L 
T1=273 K (standard temperature, remember, ALL temperatures must be in Kelvin) 
P2=2.00 atm 
V2=1.50 L 
T2=? 
Step 2: Solve the combined gas law for the unknown variable. 

 

T2=819 K 
 
Example:  A sample of gas has a volume of 500.mL under a pressure of 500.mmHg. What 
will be the new volume of the gas if the pressure is reduced to 300.mmHg at constant 
temperature? 
Solution:   
Step 1: Identify the given information & check units.  Temperature must be in Kelvin.  
Volume units must match and pressure units must match. 
P1=500. mmHg 
V1=500. mL 
P2=300. mmHg 
V2=? 
Temperature is constant, so it cancels out of the combined gas law. 
Step 2: Solve the combined gas law for the unknown variable. (Or, recognize this is Boyle’s 
Law and start with that equation.) 

 
 

V2=833 mL 
 
Avogadro’s Law 

Avogadro’s Law was known as Avogadro’s hypothesis for the first century of its 
existence. Since Avogadro's hypothesis can now be demonstrated mathematically, it was 
decided that it should be called a law instead of a hypothesis. Avogadro’s Law postulates 
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that equal volumes of gas under the same conditions of temperature and pressure contain the 
same number of molecules. 
 This relationship is important for a couple of reasons.  It means that all gases under 
the same conditions behave the same way: all of these equations work equally well for 
carbon dioxide, helium, or a mixture of gases.  Furthermore, we will be able to use this 
relationship again when we deal with balanced reactions.  The volume of two gases at the 
same temperature and pressure are directly related to the number of molecules (or moles) of 
the gases involved in a chemical reaction. 
 
Section Summary 

 For a fixed sample of ideal gas at constant temperature, volume is inversely 
proportional to pressure. 

 For a fixed sample of ideal gas at constant pressure, volume in directly proportional 
to temperature. 

 For a fixed sample of ideal gas at constant volume, pressure is directly proportional to 
temperature. 

 The volume of a mass of gas is dependent on the temperature and pressure. Therefore, 
these conditions must be given along with the volume of a gas. 

 Standard conditions of temperature and pressure are 0 C and 1.0 atm. 
 Avogadro's Law: Equal volumes of gases under the same conditions of temperature 

and pressure contain equal numbers of molecules. 
 
Further Reading / Supplemental Links 

 Section 7-6 is on the Combined Gas 
Law. http://www.fordhamprep.org/gcurran/sho/sho/Sections/Section31.htm 

 http://en.wikipedia.org/wiki/Kinetic_theory; 
 http://www.chm.davidson.edu/chemistryapplets/kineticmoleculartheory/basicconcept

s.html 
 
 
11.3: Ideal Gas Law 
Objectives j

 Solve problems using the ideal gas law, PV=nRT. 
 
Introduction 

The individual gas laws and the combined gas law all require that the quantity of gas 
remain constant. The Universal Gas Law (also sometimes called the Ideal Gas Law) allows 
us to make calculations on different quantities of gas as well. 
 
The Universal Gas Law Constant 

We have considered four laws that describe the behavior of gases: Boyle’s Law, 
Charles’s Law, Avogadro’s Law, and Gay-Lussac’s Law.  These three relationships, which 
show how the volume of a gas depends on pressure, temperature, and the number of moles of 
gas, can be combined to form the ideal gas law: 
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Where each variable and its units are: 
 P=pressure (atm) 
 V=volume (L) 
 n=number of moles of gas (mol) 
 T=temperature (K)  
 R=ideal gas constant = 0.0821 atm L/mol K 

 
Up to this point in gas law calculations, we haven’t worried too much about which 

unit you use for pressure and volume as long as the units matched.  Notice that the gas 
constant, R, has specific units.  Your units of pressure and volume must be in atm and L, 
respectively, because they must match the appropriate units in the constant, R.  Moles, of 
course, always have the unit moles and temperature must always be Kelvin.  You can convert 
the value of R into values for any set of units for pressure and volume, if you wanted, but the 
numerical value of R would also change.   
 
Example:  A sample of nitrogen gas, N2, has a volume of 5.56 L at 0 C and 1.50 
atm pressure. How many moles of nitrogen are present in this sample? 
Solution:   
Step 1: Identify the given information & check units.  Temperature must be in Kelvin.  
Volume and pressure units must match R. 
P=1.50 atm 
V=5.56 L 
n=? 
T=273 K (must be in K) 
Step 2: Solve the ideal gas law for the unknown variable. 

 

 
n=0.372 mol 
 
Example: 2.00 mol of methane gas, CH4, are placed in a rigid 500. mL container and heated 
to 100. C. What pressure will be exerted by the methane? 
Solution: 
Step 1: Identify the given information & check units.  Temperature must be in Kelvin.  
Volume and pressure units must match R. 
P=? 
V=500 mL = 0.500 L 
n=2.00 mol 
T=100� C = 373 K  
Step 2: Solve the ideal gas law for the unknown variable. 

 

 
P=122 atm 
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Section Summary 
 The Universal Gas Law: PV=nRT 
 At STP, one mole of any gas occupies 22.4 
 The universal gas law is often used along with laboratory data to find the molar mass 

of an unknown substance. 
 
All images, unless otherwise stated, are created by the CK-12 Foundation and are under the 
Creative Commons license CC-BY-NC-SA.  
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Answers to Selected Problems 
 
Section 1.1 
1) B 
2) A 
3) D 
4) D 
5) B 
6) Whether or not the plants received 

fertilizer 
7) Growth (height) of plants 
8) Amount of sun, amount of water, type 

of plant (corn) 
 
Section 1.2 
1) D 
2) A 
3) D 
4) A 
5) A 
6) D 
7) D 
8) F 
 
Section 1.3 
1) The independent variable is the label 

of the first column.  The dependent 
variable is the label of the last 
column(s). 

2) The independent variable is the label 
of the x-axis or the key.  The 
dependent variable is the label of the 
y-axis. 

3) Exact graphs and answers may vary, 
but should look similar to the 
following  
a) Independent variable: volume of 

solution (mL); dependent: mass of 
solution (g) 

b)  
c) 11.3 g/mL 
d) 27 g 
e) 5.2 mL 

4) Exact graphs and answers may vary, 
but should look similar to the 
following  
a) Independent variable:  

concentration of ammonia (mol/L).  
Dependent variable:  time (s) 

b)  
c) About 47 seconds 
d) About 1.45 mol/L 

5) Exact graphs and answers may vary, 
but should look similar to the 
following  
a) Independent variable:  temperature 

(°C); dependent variable:  pressure 
(mmHg) 
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b)  
c) 2.6 mmHg/°C 
d) About 830 mmHg 
e) About 1000 mmHg 

 
Section 2.1 
1) C 
2) Dalton had experimental evidence to 

support his claims.  Democritus did 
not. 

3) No! Inaccurate theories give scientists 
an idea to build from and a way to test 
other ideas and develop experiments.  
Most current ideas are adaptations of 
previous ideas. 

 
Section 2.2 
1) F 
2) T 
3) T 
4) F 
5) D 
6) A 
7) E 
8) C 
9) B 
10) Nucleus 
11) Repelled by…attracted to 
12) Location of positive mass in atoms 
13) C 
14) If the particles hit the positive central 

mass they would bounce off.  If they 
missed the central positive part, they 
would go straight through. 

 
Section 2.3 
1) T 
2) F 
3) F 
4) T 
5) B 
6) C 
7) A 
8) T 
9) T 
10) T 
11) F 
12) F 
13) Ru 
14) Zn 
15) Kr 
16) B 
17) E 
18) A 
19) D 
20) C 
21) 58

26Fe 
22) 19

9F 
23) p+=2, n0=2, e-=2 
24) p+=11, n0=12, e-=11 
25) p+=1, n0=0, e-=1 
26) p+=26, n0=29, e-=26 
27) p+=17, n0=20, e-=17 
28) p+=5, n0=6, e-=5 
29) p+=92, n0=146, e-=92 
30) p+=92, n0=143, e-=92 
 
Section 2.4 
1) 63.55 amu 
2) 35.49 amu 
 
Section 2.5 
1) Red 
2) As the energy of a wave increases, 

frequency increases.  As the energy of 
a wave increases, the wavelength 
decreases. 

3) The wave on the left has more energy, 
because it has a shorter wavelength. 

4) Radio, infrared, visible, UV, gamma 
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5) Red, orange, yellow, green, blue, 
violet 

 
Section 2.6 
1) Quantized means to have specific 

amounts of energy.  Bohr said 
electrons can have only specific 
amounts of energy and are, therefore, 
quantized. 

2) Because each element has a different 
spectrum, you can use it to identify 
which elements are present 

3) The sun gives off the specific pattern 
of light unique to helium.  No other 
element produces that pattern of light. 

4) Electrons gain energy and move to 
higher energy levels.  When electrons 
lose energy they move to lower energy 
levels. 

5) The electrons give off the extra energy 
as light. 

6) Each element has different possible 
energy levels which its electrons can 
occupy, so there are different possible 
“drops” electrons can make, producing 
different spectra. 

7) Electrons start at ground state (lowest 
energy level possible).  When they are 
given energy as light, heat, or 
electricity, the electrons may move up 
to a higher energy level (excited state).  
The electrons will drop back to lower 
energy levels releasing the extra 
energy as a photon (or piece of light). 

 
Section 2.7 
1) 2 
2) p 
3) d 
4) 10 
5) 2p 
6) 3 
7) Al 
8) 4d 
9) 4s 
10) 1s2 2s2 2p6 3s2 

11) 1s2 2s2 2p3 
12) 1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p6 5s2 4d1 
13) 1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p6 5s2 4d10 

5p2 
14) 1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p6 
15) 1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p6 5s2 4d10 

5p6 6s2 4f14 3d10 6p6 
16) 1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p6 5s2 4d10 

5p6 6s2 4f14 3d10 6p6 7s2 5f14 
17) [He] 2s2 2p5 
18) [Ne] 3s2 3p1 
19) [Ar] 4s2 3d2 
20) [Ar]4s2 3d10 4p3 
21) [Kr]5s1 
22) [He] 2s2 2p2 
 
Section 3.1 
1) Mendeleev first put the elements in 

order from lightest mass to heaviest 
mass.  Then he put elements with 
similar properties in the same group. 

2) Mendeleev left room for undiscovered 
elements, he didn’t force elements into 
groups which didn’t have similar 
properties even if the mass didn’t 
follow his original pattern 

3) Yes, unlike other methods of 
organization.  As new elements were 
discovered there was room for them in 
Mendeleev’s table. 

4) By looking how the properties such as 
melting point, density, etc, changed as 
he went down a group/family or across 
a row of his periodic table, he 
predicted what numbers would fit the 
pattern. 

5) Sometimes the next heaviest element 
didn’t fit according to properties in the 
next available place.  He either traded 
the order of the neighboring element 
(such as what he did for I and Te) or 
he left blank spaces to put elements in 
the appropriate group (such as leaving 
holes where Ga and Ge currently are 
placed). 
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6) Each element has a different number 
of protons, and elements are now 
arranged in order of increasing atomic 
number instead of increasing atomic 
mass. 

7) There are more elements, the table is 
in order of increasing atomic number 
instead of mass, the family of noble 
gases has been added, the table has 
been turned sideways from its original 
form. 

 
Section 3.2 
1) Nonmetal 
2) Nonmetal 
3) Nonmetal 
4) Metal 
5) Metal 
6) Nonmetal 
7) Metal 
8) Metalloid 
9) Nonmetal 
10) Metal 
11) Nonmetal 
12) Metal 
13) Metalloid 
14) Mercury has properties of metals (such 

as being malleable, lustrous, 
conductivity, ductile, etc) and bromine 
has properties of nonmetals (such as 
brittle, insulator, etc).  Even though 
they are both liquids, their other 
properties place them as metal for 
mercury and nonmetal for bromine. 

 
Section 3.3 
1) 5 
2) 3 
3) 5 
4) 5 
5) 1 
6) 1 
7) 3 
8) 3 
9) 8 
10) 8 

 
Section 3.4 
1) C 
2) B 
3) C 
4) Halogen 
5) Noble gas 
6) Alkaline earth metal 
7) Alkali metal 
8) Halogens 
9) Halogens 
10) Noble gas 
11) Transition metals 
12) Alkaline earth metals 
13) Alkali metals 
 
Section 3.5 
1) B 
2) D 
3) A 
4) Ga 
5) K 
6) Ti 
7) Iodine has electrons in a higher energy 

level further from the nucleus than 
bromine. 

8) B, Al, Ga, In, Tl 
9) C, Ga, Sn 
10) The energy required to remove the 

electron furthest from the nucleus 
11) Na, Mg, S, Ar 
12) The relative attraction for electrons in 

a bond (how hard an atom pulls on 
electrons in a bond) 

13) Li 
14) Na 
15) K 
16) Mg 
 
Section 4.1 
1) Compound 
2) Mixture 
3) Element 
4) Compound 
5) Mixture 
6) Mixture 
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7) Compound 
8) Element 
9) Mixture 
10) Mixture 
 
Section 4.2 
1) Elements are most stable with eight 

valence electrons. 
2) Nonmetals can form covalent bonds.  

Metals cannot. 
3) Covalent 
4) Ionic 
5) Covalent 
6) Ionic 
7) Ionic 
8) Covalent 
9) Ionic 
10) Metallic 
11) Covalent 
12) Covalent 
13) Covalent 
14) Metallic 
15) Ionic 
16) Ionic 
17) Metallic 
18) 1=sucrose; 2=sodium chloride, 3=zinc 
 
Section 4.3 
1) An atom or group of atoms with a 

charge 
2) Positive, metal atoms lose electrons to 

form positive ions 
3) Negative, nonmetals will gain 

electrons to form negative ions 
4) -1, chloride 
5) -1, bromide 
6) -3, nitride 
7) -2, oxide 
8) +2, calcium 
9) -1, fluoride 
10) +2, magnesium 
11) +1, lithium 
12) -1, iodide 
13) +1, sodium 
14) +1, potassium 
15) +3 aluminum 

16) The names of transition ions include 
the charge of the ion, because they can 
form ions with more than one charge. 

17) Copper(II) 
18) Cobalt(II) 
19) Cobalt(III) 
20) Copper(I) 
21) Nickel(II) 
22) Chromium(III) 
23) Iron(II) 
24) Iron(III) 
25) A group of atoms which together hold 

a charge 
26) Nitrate 
27) Acetate 
28) Hydroxide 
29) Phosphate 
30) Sulfate 
31) Carbonate 
 
Section 4.4 
1) NaNO3 
2) Ca(NO3)2 
3) Fe(NO3)3 
4) Na2SO4 
5) CaSO4 
6) Fe2(SO4)3 
7) NaCl 
8) CaCl2 
9) FeCl3 
10) Na3PO4 
11) Ca3(PO4)2 
12) FePO4 
13) NaOH 
14) Ca(OH)2 
15) Fe(OH)3 
16) Na2CO3 
17) CaCO3 
18) Fe2(CO3)3 
19) MgS 
20) Pb(NO3)2 
21) Na2O 
22) Ca(OH)2 
23) K2CO3 
24) AlBr3 
25) Fe(NO3)3 
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26) FeCl2 
27) Cu(NO3)2 
28) MgO 
29) CaO 
30) CuBr 
31) Al2S3 
32) H2CO3 
33) KMnO4 
34) Cu2Cr2O7 
35) FeCl3 
36) FeSO4 
 
Section 4.5 
1) Potassium chloride 
2) Magnesium oxide 
3) Copper(II) sulfate 
4) Sodium chloride 
5) Cobalt(II) bromide 
6) Magnesium fluoride 
7) Nickel(II) hydroxide 
8) Sodium acetate 
9) Copper(II) oxide 
10) Iron(II) chloride 
11) Lithium chloride 
12) Magnesium bromide 
13) Ammonium hydroxide 
14) Copper(I) oxide 
15) Calcium fluoride 
16) Potassium carbonate 
17) Sodium chloride 
18) Lead(II) oxide 
19) Calcium nitrate 
20) Magnesium hydroxide 
21) Tin(IV) oxide 
 
Section 4.6 
1) Covalent 
2) Ionic 
3) Ionic 
4) Covalent 
5) Ionic 
6) Ionic 

7)  

8)  
9)   

10)  

11)   

12)  

13)  

14)  

15)  

16)  
 
Section 4.7 
1) Tetrahedron 
2) Tetrahedron 
3) Tetrahedron 
4) Bent 
5) Trigonal pyramid 
6) Tetrahedron 
 
Section 4.8 
1) In a nonpolar covalent bond, electrons 

are evenly shared between atoms.  In a 
polar covalent bond electrons are not 
evenly shared resulting in a partial 
positive and partial negative side.  In 
an ionic bond, electrons are shared at 
all but one atom loses electrons to 
another atom forming particles with 
full charges. 

2) P-Cl is more polar than S-Cl, because 
there is a bigger difference in 
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electronegativities.  P is less 
electronegative than S, so Cl is able to 
pull the electrons further from P than S 
making it more polar. 

3) Electrons are not evenly shared 
4) N, O, or F 
5) Hydrogen bonding is a stronger 

attraction between molecules with 
partial charges than the attraction 
between polar molecules. 

6) Hydrogen bonding is a strong 
attraction between neighboring 
molecules in which H is bonded to N, 
O, or F. 

7) Polar 
8) Nonpolar 
9) Polar 
10) Polar and hydrogen bonding 
11) Polar and hydrogen bonding 
12) Nonpolar 
13) Ammonia 
14) Water 
15) Ammonia 
16) Ammonia 
 
Section 5.1 
1) Based on the decimal (10) system; 

used internationally; units are based on 
physical constants 

2) 1kg 
3) 10 g 
4) 100cg 
5) 1000 
6) cL 
7) 100 
8) Scientists need to use the same unit of 

measurement so they can share 
information, data, and calculations 
more effectively. 

9) Meter (m) 
10) Kilogram (kg) 
11) Liter (L); the liter is the volume of a 

10cm x 10cm x 10cm container or 1dm 
x 1 dm x 1 dm 

12) NO!  This is only 2°C (almost as cold 
as ice water). 

 
Section 5.2 
1) When working with really large or 

really small numbers and 
measurements 

2) 4.79x10-5 
3) 4.26x103 
4) 2.51x109 
5) 2.06x10-3 
6) 23000 
7) 0.0009156 
8) .0072 
9) 8,255,000 
10) 7.3(EE)14 
11) 6.01(EE)(-)6 
12) 7.98(EE)5 
13) 6.0x107 
14) 6.67x10-2 or 0.067 
15) 1.4x10-2 or 0.014 
16) 9.13x10-5 
 
Section 5.3 
1) 22.9 cm 
2) 48 min 
3) 296 g 
4) $5.48 
5) Answers vary.  A 120 lb person has a 

mass of 5.45 x104 g.  150 lb is 
6.82x104 g.  175 lbs is 7.95x104 g. 

6) 7.5 miles 
7) 249 min 
8) 3.64x106 g 
9) 15.7 km/L 
10) 3.2x104 miles/hr 
 
Section 5.4 
1) 1.5x1023 molecules H2O 
2) 2.71x1021 molecules Al2(CO3)3 
3) 1.66x10-4 mol H2O 
4) 8.3x10-15 mol C 
5) 18.02 g/mol H2O 
6) 40.0 g/mol NaOH 
7) 53.49 g/mol NH4Cl 
8) 98.08 g/mol H2SO4 
9) 234.0 g/mol Al2(CO3)3 
10) 239.2 g/mol PbO2 
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11) 1.5 mol NaOH 
12) 0.058 mol H2SO4 
13) 0.051 mol NH4Cl 
14) 0.042 mol PbO2 
15) 4.40 g CO2 
16) 48.05 g (NH4)2CO3 
17) 17.48 g NaOH 
18) 54.06 g H2O 
19) 5.68x1021 molecules Na2CO3 
20) 3.34x10225 molecules H2O 
21) 0.67 g H2O 
22) 169.85 g NaCl 
23) 5.71 g NaOH 
 
Section 6.1 
1) Solutions have extremely small 

particles that allow light to go through.  
Colloids have larger particles which 
scatter light.  Suspensions separate into 
layers upon standing. 

2) Solutions will allow light to go 
through and colloids will not. 

3) C 
4) A 
 
Section 6.2 
1) Polar (or ionic) compounds will 

dissolve in polar compounds.  
Nonpolar compounds will dissolve in 
nonpolar compounds. 

2) LiCl is ionic and CCl4 is nonpolar.  
Ionic compounds do not dissolve in 
nonpolar compounds, because the 
ionic compound has charged particles 
which are not attracted to the nonpolar 
solvent. 

3) A 
4) The oil is nonpolar and does not mix 

with the polar water. 
 
Section 6.3 
1) Ppm and ppb are convenient for very, 

very small concentrations. 
2) 0.60 M 
3) 0.22 m 
4) 0.18 M 

5) 1.35 M 
6) 273 g 
7) 5.68 m 
8) 0.26 M 
9) 0.17 M 
10) 0.35 m 
11) 0.37 m 
 
Section 6.4 
1) A, D 
2) The salt lowers the freezing point of 

water, making it so it must be colder 
before the water will freeze into ice. 

3) The salt raises the boiling temperature 
of the water, cooking the spaghetti at a 
higher temperature. 

4) Ionic compounds split into separate 
ions when they dissolve, but covalent 
compounds stay as whole formulas. 

5) Ionic, 2 
6) Covalent, 1 
7) Covalent, 1 
8) Ionic, 3 
9) Ionic, 4 
10) Ionic, 2 
11) 0.2 m CaCl2 
12) 0.1 m KI 
13) 0.2m NaCl 
14) 0.076°C 
15) -1.86°C 
16) -3.01°C 
 
Section 7.1 
1) Physical 
2) Chemical 
3) Physical 
4) Chemical 
5) Chemical 
6) Chemical 
7) Chemical 
8) Physical 
9) Chemical 
10) Chemical 
 
Section 7.2 
1) A, B, C 
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2) A 
3) A 
4) B 
5) C 
6) Crushed ice 
7) Sugar crystals 
8) Wood shavings 
9) If the surface area is higher, there are 

more collisions between reacting 
particles.  The greater the frequency of 
effective collisions, the faster the 
reaction. 

10) Slower 
11) Faster 
12) Slower 
 
Section 7.3 
1) Ca +H2O → Ca(OH)2 + H2 
2) NaOH + Cl2 → NaCl + NaClO + H2O 
3) Fe + S → FeS 
4) Al + H2SO4 → H2 + Al2(SO4)3 
5) Al + Fe2O3 → Al2O3 + Fe 
6) F2 + NaOH → NaF + O2 + H2O 
7) Fe + CuNO3 → Fe(NO3)2 + Cu 
 
Section 7.4 
1) 2 Cu  + O2 → 2 CuO 
2) 2 H2O → 2 H2  +  O2 
3) 2 Fe  + 3 H2O → 3 H2  +  Fe2O3 
4) 2 NaCl  →  2 Na  +  Cl2 
5) 2 AsCl3  + 3 H2S  →  As2S3  + 6 HCl 
6) CaCO3  → CaO  +  CO2 
7) H2S  +  2 KOH → 2 HOH  + K2S 
8) XeF6 + 3 H2O → XeO3 + 6 HF 
9) Cu + 2 AgNO3 → 2 Ag + Cu(NO3)2 
10) 4 Fe + 3 O2 → 2 Fe2O3 
11) 2 Al(OH)3 + Mg3(PO4)2 → 2 AlPO4 + 

3 Mg(OH)2 
12) 2 Al  +  3 H2SO4  → 3 H2  +  

Al2(SO4)3 
13) H3PO4  +  3 NH4OH  → 3 HOH  + 

(NH4)3PO4 
14) C3H8  + 5 O2  →  3 CO2  + 4 H2O 
15) 4 Al  +  3 O2  → 2 Al2O3 
16) CH4  + 2 O2 → CO2  + 2 H2O 
17) 5 

18) 9 
19) Changing the subscripts changes 

which compounds are involved in the 
chemical reaction, while changing the 
coefficients only changes how many of 
a specific substances are involved in 
the reaction. 

 
Section 7.5 
1) Synthesis 
2) Decomposition 
3) Single replacement 
4) Double replacement 
5) Single replacement 
6) Decomposition 
7) Double replacement 
8) Decomposition 
9) Single replacement 
10) Combustion 
11) Synthesis combines two or more 

substances into one product, whereas 
decomposition splits one reactant into 
more than one product. 

12) CO2 + H2O 
13) Single replacement; 2 Fe + 3 H2O → 3 

H2 + Fe2O3 
14) Double replacement; H2O (or HOH) + 

(NH4)3PO4 
15) Combustion; CO2 + H2O 
16) Synthesis; Al2O3 
17) Double replacement; BaSO4 + NaCl 
18) Single replacement; CaCl2 + H2 
19) Double replacement; FeCl2 + H2S 
20) Single Replacement; NaBr + I2 
 
Section 7.6 
1) 3 mol H2O 
2) 0.31 mol Bi2O3 
3) 15 mol LiCl 
4) 1.05 mol SiO2 
5) 0.15 mol Ca3(PO4)2 
6) 0.36 mol Fe2O3 
7) 3.28 mol FeS 
8) 2.79 g HNO3 
9) 2.12 g I2 
10) 0.78 g LiOH 
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11) 66.5 g Cs 
12) 297 L O2 
13) 4.3x1022 molecules CO 
14) 12.7 g O2 
15) 180.2 g H2O 
 
Section 7.7 
1) PCl5 is reacting to form PCl3 and Cl2 at 

the same time and at the same speed 
that PCl3 and Cl2 are recombining to 
form PCl5. 

2) Between 2.0 and 2.5 minutes the 
reaction reaches equilibrium, because 
the concentration is no longer 
changing after this time. 

3) The rate of the forward reaction is 
equal to the rate of the reverse 
reaction. 

4) F 
5) T 
6) T 
7) F 
8) T 
 
Section 7.8 
1) Solids and liquids 
2)  

3)  

4)  

5)  

6)  

7)  

8)  

9)  

10)  
11)  
12) Products are favored over reactants; 

there is a greater concentration of 
products than reactants at equilibrium. 

13) Reactants are favored over products; 
there is a greater concentration of 
reactants than products at equilibrium. 

14) 0.64 
15) 2.89 M 
16) ; K=1.34 

17) ; K=1.1x10-4 

18) ; b)more products are 
present at equilibrium because K>1; 
c)[SO3]=0.103 M 

 
Section 7.9 
1) The equilibrium shifts toward the 

products. 
2) The equilibrium shifts toward the 

reactants. 
3) More products are formed 
4) More reactants are formed 
5) More reactants are formed 
6) More products are formed 
7) More reactants are formed 
8) More products are formed 
9) More products are formed 
10) More reactants are formed 
11) More reactants are formed 
12) More products are formed 
13) More products are formed 
14) More reactants are formed 
15) More reactants are formed 
16) More products are formed 
17) More reactants are formed 
18) More products are formed 
19) More products are formed 
20) More products are formed 
21) More reactants are formed 
22) More reactants are formed 
 
Section 8.1 
1) Acids 
2) Bases 
3) Acids 
4) Bases 
5) Acids 
6) Bases 
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7) Acids react to form H+ ions in water 
 
Section 8.2 
1) 2.5x10-2 M; 12.4; basic 
2) 1.7x10-8 M; 6.22; slightly acidic 
3) 3.16x10-4 M; 3.5; acidic 
4) 3.16x10-7 M; 6.5; slightly acidic 
5) 6.6 
6) 8.2 
7) The solution with the lower pH has 

100,000 times greater concentration of 
H+ ions. 

 
Section 8.3 
11) HNO3  +  KOH  → H2O + KNO3 
12) HClO4  +  NH4OH  → H2O + 

NH4ClO4 
13) H2SO4 + 2 NaOH → 2 H2O + Na2SO4 
14) HNO3 + NH4OH → H2O + NH4NO3 
15) HF + NH4OH → H2O + NH4F 
16) HC2H3O2 + KOH → H2O + KC2H3O2 
17) HCl + KOH → H2O + KCl 
18) Mg(OH)2 + 2 HCl → 2 H2O + MgCl2 
19) 2 HCl + Ba(OH)2 → 2 H2O + BaCl2 
20) NaOH + HClO4 → H2O + NaClO4 
 
Section 8.4 
1) Indicators are weak acids that change 

color when they react with a base.  
They are used in a titration to show 
when all of the acid or base has 
reacted. 

2) When the number of moles of acid is 
equal to the number of moles of base 

3) 0.1176 M NaOH 
4) 0.1708 M HClO 
5) 33.2 mL HCl 
6) 62.5 mL HI 
7) 1.4 M NaOH 
8) 0.30 M HC2H3O2 
 
Section 9.1 
1) Endothermic reactions absorb (take in) 

energy; exothermic reactions release 
energy. 

2) Exothermic 

3) Endothermic 
4) Exothermic 
5) Exothermic 
6) Exothermic 
7) Endothermic 
8) Exothermic 
9) Endothermic 
10) Exothermic; the temperature rises 

initially meaning that heat was given 
off to the surroundings. 

 
Section 9.2 
1) Oxidized: Cu; Reduced: H 
2) Oxidized: H; Reduced: O 
3) Oxidized:  Al; Reduced: H 
4) Oxidized:  Zn; Reduced: H 
5) Oxidized: Al; Reduced: Cu 
6) Energy of moving electrons 
7) The anode is where electrons are lost 

(where oxidation occurs) 
8) The cathode is where electrons are 

gained (where reduction occurs) 
9) Zinc 
10) The anode is the zinc electrode, 

because the zinc is being oxidized 
11) The anode is the copper electrode, 

because copper ions are being reduced 
12) Electrons will flow from the anode 

(zinc electrode) to the cathode (copper 
electrode) 

 
Section 10.2 
1) C 
2) B 
3) A 
4) Alpha particles will move toward the 

negative plate; beta particles will move 
toward the positive plate; gamma 
particles will continue in a straight 
path. 

5) The number of protons increases by 1, 
the number of neutrons decreases by 1, 
and the total number of particles in t he 
nucleus does not change. 

6) The number of protons decreases by 2, 
the number of neutrons decreases by 2, 
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and the total number of particles in the 
nucleus decreases by 4 

7) Gamma 
8) Alpha 
9)  
10)  
11)  
12)  
13)  
14)  
15)  
16)  
 
Section 10.3 
1) 0.25g 
2) 1.0 g 
3) 8.0 years 
4) 17,100 years 
5) 10 years 
 
Section 10.4 
1) The process by which a large nucleus 

is split into two or more smaller nuclei 

2) The process by which two small nuclei 
combine to make one larger nuclei 

3) Nuclear changes involve much more 
energy then chemical changes 
(frequently about 1 million times more 
energy per atom) 

4) The manner in which the heat is 
produced that heats the water to turn 
the turbine 

5) Control the speed at which the fission 
reaction occurs by absorbing many of 
the free neutrons which start fission 
reactions 

6) No, the power plants in the US contain 
less than the critical mass of the 
fissionable isotopes so are unable to 
cause a nuclear explosion 

7) Fission 
8) Nuclear decay 
9) Fusion 
10) Nuclear decay 
11) Fission and fusion 
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Glossary 
A   
Absolute Zero:  the temperature at which molecules stop moving and therefore, have zero kinetic 

energy 
Alkali earth metals:  group 2A of the periodic table 
Alkali metals:   group 1A of the periodic table 
Alpha decay:  Alpha decay is a common mode of radioactive decay in which a nucleus emits an 

alpha particle (a helium-4 nucleus). 
Alpha particle:  An alpha particle is a helium-4 nucleus, composed of 2 protons and 2 neutrons 
Anion:  negative ion; formed by gaining electrons  
Anode:  The electrode at which oxidation occurs.  
Arrhenius acid:  a substance that produces H+ ions in solution  
Arrhenius base:  a substance that produces OH- ions in a solution  
Atom:  Democritus’ word for the tiny, indivisible, solid objects that he believed made up 

all matter in the universe  
Atomic mass unit 
(amu):  

a unit of mass equal to one-twelfth the mass of a carbon-twelve atom  

Atomic mass:  the weighted average of the masses of the isotopes of an element  
Atomic number:  the number of protons in the nucleus of an atom 
Avogadro's number:  The number of objects in a mole; equal to 6.02x1023.  

B   
Background radiation:   Radiation that comes from environment sources including the earth's crust, the 

atmosphere, cosmic rays, and radioisotopes. These natural sources of radiation 
account for the largest amount of radiation received by most people. 

Balanced chemical 
equation:  

a chemical equation in which the number of each type of atom is equal on the two 
sides of the equation 

Battery:  A group of two or more cells that produces an electric current. 
Beta decay:  Beta decay is a common mode of radioactive decay in which a nucleus emits beta 

particles. The daughter nucleus will have a higher atomic number than the original 
nucleus. 

Beta particle:  A beta particle is a high speed electron, specifically an electron of nuclear origin.  
Big Bang Theory:  the idea that the universe was originally extremely hot and dense at some 

finite time in the past and has since cooled by expanding to the present state and 
continues to expand today 

Boiling point elevation:  the amount the boiling point of a solution increases from the boiling point of a 
pure solvent 

C   
Catalyst:  A substance that increases the rate of a chemical reaction but is, itself, left 

unchanged, at the end of the reaction; lowers activation energy 
Cathode:  electrode at which reduction occurs. 
Cation:  positive ion; formed by losing electrons 
Chain reaction:  A multi-stage nuclear reaction that sustains itself in a series of fissions in which 

the release of neutrons from the splitting of one atom leads to the splitting of 
others.  

Chemical changes:  changes that occur when one substance is turned into another substance; different 
types of molecules are present at the beginning and end of the change. 

Chemical reaction:  the process in which one or more substances are changed into one or more new 
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substances  
Coefficient:  a small whole number that appears in front of a formula in a balanced chemical 

equation  
Colligative property:  a property that is due only to the number of particles in solution and not the type 

of the solute 
Colloid:  type of mixture in which the size of the particles is between 1x103 pm and 1x108 

pm 
Combustion reaction:  a reaction in which oxygen reacts with another substance to produce carbon 

dioxide and water. 
Compound:  a substance that is made up of more than one type of atom bonded together 
Concentrated:  a solution in which there is a large amount of solute in a given amount of solvent  
Concentration:  the measure of how much of a given substance is mixed with another substance  
Control rods :  made of chemical elements capable of absorbing many neutrons and are used to 

control the rate of a fission chain reaction in a nuclear reactor.  
Controlled experiment:  An experiment that compares the results of an experimental sample to a control 

sample  
Conversion factor:  a ratio used to convert one unit of measurement into another.  
Cosmic background 
radiation:  

energy in the form of radiation leftover from the early big bang  

Covalent bond:  A type of bond in which electrons are shared by atoms. 
Covalent compound:  two or  more atoms (typically nonmetals) forming a molecule in which electrons 

are being shared between atoms. 
Critical mass:  The smallest mass of a fissionable material that will sustain a nuclear chain 

reaction at a constant level. 
D  
Dalton’s Atomic 
Theory:  

the first scientific theory to relate chemical changes to the structure, properties, 
and behavior of the atom  

Decomposition 
reaction:  

a reaction in which one reactant breaks down to form two or more products  

Dilute:  a solution in which there is a small amount of solute in a given amount of solvent 
Double replacement 
reaction:  

a reaction in which two reactants form products by having the cations exchange 
places with the anions 

Ductile:  can be drawn out into thin wires  

E  
Electrochemical cell:  An arrangement of electrodes and ionic solutions in which a redox reaction is used 

to make electricity; a battery  
Electrolysis:  A chemical reaction brought about by an electric current.  
Electron configuration:  a list that represents the arrangement of electrons of an atom. 
Electron:  a negatively charged subatomic particle, responsible for chemical bonding  
Electronegativity:  The tendency of an atom in a molecule to attract shared electrons to itself. 
Electronegativity:  the ability of an atom in a molecule to attract shared electrons 
Electroplating:  A process in which electrolysis is used as a means of coating an object with a 

layer of metal. 
electrostatic attraction:  The force of attraction between opposite electric charges. 
electrostatic attraction:  the attraction of oppositely charged particles  
Element:  a substance that is made up of only one type of atom Subatomic particles: particles 

that are smaller than the atom  
Endothermic:  reactions in which energy is absorbed, heat can be considered as a reactant 
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Equilibrium constant 
(K):  

A mathematical ratio that shows the concentrations of the products divided by 
concentration of the reactants. 

Equilibrium:  A state that occurs when the rate of forward reaction is equal to the rate of the 
reverse reaction.  

Equivalence point:  the point in the titration where the number of moles of acid equals the number of 
moles of base 

Exothermic reaction:  A reaction in which heat is released, or is a product of a reaction.  
Experiment:  A controlled method of testing a hypothesis. 
Extrapolation:  the process of creating data points beyond the end of the graph line, using the 

basic shape of the curve as a guide 
F  
Fission:  A nuclear reaction in which a heavy nucleus splits into two or more smaller 

fragments, releasing large amounts of energy.  
Formula unit:  the empirical formula of an ionic compound; shows the lowest possible ratio  
Freezing point 
depression:  

the amount the freezing point of a solution decreases from the freezing point of a 
pure solvent 

Fusion:  A nuclear reaction in which nuclei combine to form more massive nuclei with the 
simultaneous release of energy.  

G  
Gamma ray:  Gamma radiation is the highest energy on the spectrum of electromagnetic 

radiation. 
Graph:  a pictorial representation of patterns using a coordinate system 
Group (family): a vertical column in the periodic table, have similar chemcial properties 

H  
Half-life:  the time interval required for a quantity of material to decay to half its original 

value.  
Halogens:  group 7A of the periodic table; reactive non-metals 
Hydrocarbon:  an organic substance consisting of only hydrogen and carbon  
Hypothesis:  A tentative explanation that can be tested by further investigation.  

I  
Immiscible:  liquids that do not have the ability to dissolve in each other  
Indicator:  a substance that changes color at a specific pH and is used to indicate the pH of 

the solution 
International System of 
Units (Le Système 
International d’ Unites):  

the internationally agreed upon standard metric system  

Interpolation:  the process of estimating values between measured values  
Ion:  An atom or group of atoms with an excess positive or negative charge, lost or 

gained electrons 
ionic bond:  A bond between ions resulting from the transfer of electrons from one of the 

bonding atoms to the other and the resulting electrostatic attraction between the 
ions. 

Ionic compound:  a positively charged particle (typically a metal) bonded to a negatively charged 
particle (typically a  nonmetal) held together by electrostatic attraction 

Ionic Formula:  includes the symbols and number of each ion (atom) present in a compound in the 
lowest whole number ratio 

Ionization energy:  the energy required to remove the most loosely held electron from a gaseous atom 
or ion 

Isotopes:  atoms of the same element that have the same number of protons but different 
numbers of neutrons, same atomic number but different mass number 
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L  
Le Châtelier’s 
Principle:  

Applying a stress to an equilibrium system causes the equilibrium position to shift 
to offset that stress and regain equilibrium.  

M  
malleable:  can be hammered into thin sheets 
Mass number:  the total number of protons and neutrons in the nucleus of an atom  
Mass:   a measure of the amount of matter in an object 
Mendeleev:  the Russian chemist credited with organizing the periodic table in the form we use 

today.  
Metric system:  international decimal-based system of measurement.  
Miscible:  liquids that have the ability to dissolve in each other  
Mixture:  a combination of two or more elements or compounds which have not reacted to 

bond together; each part in the mixture retains its own properties 
Molality:   
Molar Mass:  The mass, in grams, of 1 mole of a substance.  This can be found by adding up the 

masses on the periodic table. 
Molarity:  the number of moles of solute per liter of solution  
Mole ratio:  the ratio of the moles of one reactant or product to the moles of another reactant 

or product according to the coefficients in the balanced chemical equation  
Mole:  An Avogadro’s number of objects; 6.02 x 1023 particles 

Molecular geometry:  The specific three-dimensional arrangement of atoms in molecules. 

N   
Neutralization:  a reaction between an acid and a base that produces water and a salt 
Neutron:  a subatomic particle with no charge  
Noble gases:  group 8A of the periodic table; extremely non-reactive  
Nuclear charge:  the number of protons in the nucleus  
Nucleus:  the small, dense center of the atom  

O  
Octet rule:  the tendency for atoms gain or lose the appropriate number of electrons so that 

the resulting ion has either completely filled or completely empty outer energy 
levels, or 8 valance electrons.  

Oxidation:  a loss of electrons, resulting in an increased charge or oxidation number 

P  
periodic law:  states that the properties of the elements recur periodically as their atomic 

numbers increase  
Periodic table:  a tabular arrangement of the chemical elements according to atomic number. 
Physical changes:  changes that do not alter the identity of a substance, the same types of molecules 

are present at the beginning and end of the change. 
Polar covalent bond:  A covalent bond in which the electrons are not shared equally because one atom 

attracts them more strongly that the other.  
Potential energy:  The energy of position or stored energy, including bond energy.  
Products:   materials present at the end of a reaction, shown on the right of the arrow in a 

chemical equation 
Proton:  a positively charged subatomic particle  

Q  
Quark:  particles that form one of the two basic constituents of matter. Various species of 
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quarks combine in specific ways to form protons and neutrons, in each case taking 
exactly three quarks to make the composite particle. 

R  
Reactants:  the starting materials in a reaction, shown left of the arrow in a chemical equation 
Reduction:  gaining electrons, resulting in a decreased charge or oxidation number 

S  
Scientific notation:  a shorthand method of writing very large and very small numbers in terms of a 

decimal number between 1 and 10 multiplied by 10 to a power. 
Shielding effect:  the inner electrons help “shield” the outer electrons and the nucleus from each 

other.  
Single replacement 
reaction: 

 a reaction in which an element reacts with a compound to form products 

Slope: the ratio of the change in one variable with respect to the other variable. 
Solute:  the substance in a solution present in the least amount, dissolved by the solute 
Solution:  a homogeneous mixture of substances  
Solvent:  the substance in a solution present in the greatest amount  
Stoichiometry:  the calculation of quantitative relationships of the reactants and products in a 

balanced chemical equation  
Subscripts:  part of the chemical formulas of the reactants and products that indicate the 

number of atoms of the preceding element  
Surface area to volume 
ratio:  

The comparison of the volume inside a solid to the area exposed on the surface.  

Suspension:  type of mixture in which the particles settle to the bottom of the container and can 
be separated by filtration  

Synthesis reaction:  a reaction in which two or more reactants combine to make one product  

T  
Temperature:  the average kinetic energy of the particles that make up a material  
Theory:  A well-established explanation  based on extensive experimental data 
Titration:  the lab process in which a known concentration of base (or acid) is added to a 

solution of acid (or base) of unknown concentration 
Transition elements:  groups 3 to 12 of the periodic table  

V   
Valence electrons:  the electrons in the outermost energy level of an atom. 
VSEPR model:  A model whose main postulate is that the structure around a given atom in a 

molecule is determined by minimizing electron-pair repulsion. 
W  
Weight:  the force of attraction between the object and the earth (or whatever large body it 

is resting on) 
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