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Integrated Science 
 
3rd week 2nd semester 
 
As we delve into Chemistry the first Chapter will be on Atoms and the Periodic Table.  The first 
three sections for this week will be:  the elements, protons and neutrons and the periodic table. 
Please read each section and then answer the questions that go along with each section.  
 
Monday:  Martin Luther King Jr. Day - Complete Martin Luther King Jr. worksheet and turn into 
any of your teachers.  
 
Tuesday: Please read the elements (9.1) and then complete questions  
 
Wednesday: Please read Protons and Neutrons and complete questions 
 
Thursday: Please read the Periodic Table and complete questions  
 
Submit all work to mlee@floydbroncos.com  or 575-562-0154 
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9.1 The Elements 

Learning Objective 

Recognize the elements of the periodic table as the fundamental building blocks of 
matter. 

Given all the types of materials, you might think there must be many kinds of atoms. But 
the number of different kinds of atoms is surprisingly small. The great variety of 
substances results from the many ways a few kinds of atoms can be combined. Just as 
the three colors red, green, and blue can be combined to form any color on a computer 
screen or the 26 letters of the alphabet make up all the words in a dictionary, only a few 
kinds of atoms combine in different ways to produce all substances. To date, we know 
of slightly more than 100 distinct atoms. Of these, about 90 are found in nature. The 
remaining atoms have been created in the laboratory. 

Most materials are made from more than one kind of atom. Water, H2O, for 
example, is the combination of hydrogen and oxygen atoms. These materials are 
called compounds. 

The periodic table lists all the known elements. 

As you can see from the periodic table, each element is designated by its atomic 
symbol, which comes from the letters of the element’s name. For example, the atomic 
symbol for carbon is C, and the symbol for chlorine is Cl. In many cases, the atomic 
symbol is derived from the element’s Latin name. Gold has the atomic symbol Au after 
its Latin name, aurum. Lead has the atomic symbol Pb after its Latin name, plumbum. 
Elements with symbols derived from Latin names are usually those that were 
discovered earliest. 

Unifying Concept 
The Atomic Theory of Matter Section 7.1 

The terms element and atom are often used in a similar context. You might hear, for 
example, that gold is an element made of gold atoms. Generally, element is used in 
reference to an entire macroscopic or microscopic sample, and atom is used when 
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speaking of the submicroscopic particles in the sample. The important distinction is that 
elements are made of atoms and not the other way around. 

Atoms can combine to form a molecule, which is a group of atoms held tightly together 
by chemical bonds. Two oxygen atoms, for example, form an oxygen molecule. We use 
the elemental formula to indicate multiple atoms of the same element bonded into a 
molecule. An elemental formula shows the atomic symbol followed by a numeral 
subscript indicating the number of atoms in each molecule. Thus, a molecule of two 
oxygen atoms has the elemental formula O2. Similarly, a molecule of eight sulfur atoms 
has the elemental formula S8. For elements in which the basic units are individual atoms 
(no molecules), the elemental formula is simply the chemical symbol. This is the case 
for most elements. 

(please check out ptable.com if you want to see the different elements in action) 

9.1 The Elements 

1. Distinguish between an atom and an element. 
2. What is the atomic symbol for the element cobalt? 

 

9.2 Protons and Neutrons 

Learning Objective 
Describe the structure of the atomic nucleus and how the atomic mass of an 
element is calculated. 

Let us take a closer look at the atom and investigate the particles found in the atomic 
nucleus. A proton carries a positive charge and is relatively heavy—nearly 2000 times 
as massive as an electron. The proton and electron have the same quantity of charge, 
but the opposite sign. For a neutral atom, the number of protons in the nucleus equals 
the number of electrons whirling about the nucleus. So, the opposite charges of protons 
and electrons balance each other, producing a zero net charge. For example, an 
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oxygen atom has a total of eight protons and eight electrons and is thus electrically 
neutral. 

Scientists have agreed to identify elements by atomic number, which is the number of 
protons in each atom of a given element. The periodic table lists the elements in order 
of increasing atomic number. Hydrogen, with one proton per atom, has atomic number 
1; helium, with two protons per atom, has atomic number 2; and so 
If we compare the electric charges and masses of different atoms, we see that the 
atomic nucleus must be made up of more than just protons. Helium, for example, has 
twice the electric charge of hydrogen but four times the mass. The added mass is due 
to another subatomic particle found in the nucleus, the neutron. The neutron has about 
the same mass as the proton, but it has no electric charge. Any object that has no net 
electric charge is said to be electrically neutral, and that is where the neutron got its 
name. (We will discuss the important role that neutrons play in holding the atomic 
nucleus together in Chapter 10.) 

Both protons and neutrons are called nucleons, a generic term that denotes their 
location in the atomic nucleus.  

Isotopes and Atomic Mass 
For any element, the number of neutrons in the nucleus may vary. For example, most 
hydrogen atoms (atomic number 1) have no neutrons. A small percentage, however, 
have one neutron, and a smaller percentage have two neutrons. Similarly, most iron 
atoms (atomic number 26) have 30 neutrons, but a small percentage have 29 neutrons. 
Atoms of the same element that contain different numbers of neutrons are isotopes of 
one another. Of course, all isotopes of an element have the same number of protons. 

We identify isotopes by their mass number, which is the total number of protons and 
neutrons (in other words, the number of nucleons) in the nucleus. A hydrogen isotope 
with one proton and one neutron is therefore hydrogen-2, and a hydrogen isotope with 
one proton and two neutrons is hydrogen-3. Similarly, an iron isotope with 26 protons 
and 30 neutrons is called iron-56, and one with only 29 neutrons is iron-55. 
Isotopes of an element have the same number of protons but different numbers of neutrons and 

hence different mass numbers. The three hydrogen isotopes have special names: protium for 

hydrogen-1, deuterium for hydrogen-2, and tritium for hydrogen-3. Of these three isotopes, 
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hydrogen-1 is most common. For most elements, such as iron, the isotopes have no special names 

and are indicated merely by mass number. 

Figure 9.7 Full Alternative Text Description 
An alternative method of indicating isotopes is to write the mass number as a 
superscript and the atomic number as a subscript to the left of the atomic symbol. For 
example, an iron isotope (Iron-56) with a mass number of 56 and an atomic number of 
26. 

The total number of neutrons in an isotope can be calculated by subtracting its atomic 
number from its mass number: 

mass number 

−atomic number 

number of neutrons 

mass number−atomic number = number of neutrons 

For example, uranium-238 has 238 nucleons. The atomic number of uranium is 92, 
which tells us that 92 of these 238 nucleons are protons. The remaining 146 nucleons 
must be neutrons: 

   238 protons and neutrons 

−92 protons 

146 neutrons 
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   238 protons and neutrons−92 protons = 146 neutrons 

Isotopes of an element differ only by mass. As chemicals, they cannot be distinguished 
from one another. For example, a sugar molecule containing carbon-13 atoms is 
digested no differently from a sugar molecule containing carbon-12 atoms. Interestingly, 
about 1% of the carbon we consume in food is the carbon-13 isotope. The remaining 
99% of the carbon in our diet is the more common carbon-12 isotope. 

 

Unifying Concept 
The Atomic Theory of Matter Section 7.1 

Most water molecules, H2O, consist of hydrogen atoms with no neutrons. The few that 
have neutrons, however, are heavier, and because of this difference they can be 
isolated. Such water is appropriately called “heavy water,” which has the formula D2O, 
where the symbol “D” represents the deuterium hydrogen isotope. 

The total mass of an atom is its atomic mass. This is the sum of the masses of all the 
atom’s components (electrons and the nucleus). Because electrons are so much less 
massive than the nucleus, their contribution to atomic mass is negligible. A special unit 
has been developed for atomic masses. This is the atomic mass unit (amu), where 1 
atomic mass unit is equal to 1.661 × 10−24 gram, which is slightly less than the mass of a 
single proton.  The atomic mass of an element as presented in the periodic table is 
actually the average atomic mass of its various isotopes. The Math Connection on the 
next page describes how these averages are calculated. 
Helium, He, has an atomic mass of 4.003 amu, and neon, Ne, has an atomic mass of 20.180 amu. 
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9.2 Protons and Neutrons 

4. What role does atomic number play in the periodic table? 
5. Distinguish between atomic number and mass number. 
6. What is an isotope? 

 
 
 
 



9.3 The Periodic Table 

Learning Objective 

Interpret how elements are organized in the periodic table. 

The periodic table is a listing of all the known elements with their atomic masses, atomic 
numbers, and atomic symbols. But the periodic table contains much more information. 
It’s a road map to understanding the elements. The way the table is organized, for 
example, tells us much about the elements’ properties. Let’s first look at how the 
elements are grouped as metals, nonmetals, and metalloids. 

most of the known elements are metals, which are defined as elements that are shiny, 
opaque, and good conductors of electricity and heat. Metals are malleable, which 
means they can be hammered into different shapes or bent without breaking. They are 
also ductile, which means they can be drawn into wires. All but a few metals are solid at 
room temperature. The exceptions are mercury, Hg; gallium, Ga; cesium, Cs; and 
francium, Fr, which are all liquids at a warm room temperature of 30°C (86°F). Another 
interesting exception is hydrogen, H, which behaves as a liquid metal only at very high 
pressures . Here on Earth’s surface, the element hydrogen is found in its molecular 
form, H2. 
The periodic table is color-coded to show metals, nonmetals, and metalloids. However, the heaviest 

elements, such as 104 and greater, are highly unstable existing only for a fraction of a second within 

a laboratory setting. Any metallic properties they might exhibit are not discernible. 
Geoplanetary models suggest that hydrogen exists as a liquid metal deep beneath the surfaces of 

Jupiter and Saturn. These planets are composed mostly of hydrogen. Within their inner cores, the 

pressure exceeds 3 million times Earth’s atmospheric pressure. At this tremendously high pressure, 

hydrogen is pressed to a liquid-metal phase. 

The nonmetallic elements, with the exception of hydrogen, are on the right side of the 
periodic table. Nonmetals are very poor conductors of electricity and heat, and may also 
be transparent. Solid nonmetals are neither malleable nor ductile. Rather, they are 
brittle and shatter when hammered. At 30°C (86°F), some nonmetals are solid (carbon, 
C), others are liquid (bromine, Br), and still others are gaseous (helium, He). 



Six elements are classified as metalloids: boron, B; silicon, Si; germanium, Ge; arsenic, 
As; antimony, Sb; and tellurium, Te. Situated between the metals and the nonmetals in 
the periodic table, the metalloids have both metallic and nonmetallic characteristics. For 
example, these elements are weak conductors of electricity, which makes them useful 
as semiconductors in the integrated circuits of computers. Note from the periodic table 
how germanium, Ge (atomic number 32), is closer to the metals than to the nonmetals. 
Because of this positioning, we can deduce that germanium has more metallic 
properties than silicon, Si (atomic number 14), and is a slightly better conductor of 
electricity. So, we find that integrated circuits fabricated with germanium operate faster 
than those fabricated with silicon. Because silicon is much more abundant and less 
expensive to obtain, however, silicon computer chips remain the industry standard. 

Periods and Groups 
Two other important ways in which the elements are organized in the periodic table are 
by horizontal rows and vertical columns. Each horizontal row is called a period, and 
each vertical column is called a group (or sometimes a family).  
The 7 periods (horizontal rows) and 18 groups (vertical columns) of the periodic table. Note that not 

all periods contain the same number of elements. Also note that, for reasons explained later, the 

sixth and seventh periods each include a subset of elements, which are listed apart from the main 

body. 

Across any period, the properties of elements gradually change. This gradual change is 
called a periodic trend one periodic trend is that atomic size tends to decrease as you 
move from left to right across any period. Note that the trend repeats from one 
horizontal row to the next. This phenomenon of repeating trends is called periodicity. 
Each horizontal row is called a period because it corresponds to one full cycle of a 
trend. 
The size of atoms gradually decreases as we move from left to right across any period. Atomic size 
is a periodic (repeating) property. 
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fyi 
The carat is the common unit used to describe the mass of a gem. A 1-carat 
diamond, for example, has a mass of 0.20 g. The karat is the common unit used to 
describe the purity of a precious metal, such as gold. A 24-karat gold ring is as pure 
as can be. A gold ring that is 50% pure is 12 karat. 

Down any group (vertical column), the properties of elements tend to be remarkably 
similar, which is why these elements are said to be “grouped” or “in a family.” several 
groups have traditional names that describe the properties of their elements. Early in 
human history, people discovered that ashes mixed with water produce a slippery 
solution useful for removing grease. By the Middle Ages, such mixtures were described 
as being alkaline, a term derived from the Arabic word for ashes, al-qali. Alkaline 
mixtures found many uses, particularly in the preparation of soaps. We now know that 
alkaline ashes contain compounds of group 1 elements, most notably potassium 
carbonate, also known as potash. Because of this history, group 1 elements, which are 
metals, are called the alkali metals. 
Ashes and water make a slippery alkaline solution once used to clean hands. 

Elements of group 2 also form alkaline solutions when mixed with water. Furthermore, 
medieval alchemists noted that certain minerals (which we now know are made up of 
group 2 elements) do not melt or change when put into fire. These fire-resistant 
substances were known to the alchemists as “earth.” As a holdover from these ancient 
times, group 2 elements are known as the alkaline-earth metals. 

Toward the right side of the periodic table, elements of group 16 are known as the 
chalcogens (“ore-forming” in Greek) because the top two elements of this group, oxygen 
and sulfur, are so commonly found in ores. Elements of group 17 are known as the 
halogens (“salt-forming” in Greek) because of their tendency to form various salts. 
Group 18 elements are all unreactive gases that tend not to combine with other 
elements. For this reason, they are called the noble gases, presumably because the 
nobility of earlier times were above interacting with common folk. 

The elements of groups 3 through 12 are all metals that do not form strongly alkaline 
solutions with water. These metals tend to be harder than the alkali metals and less 
reactive with water; hence they are used for structural purposes. Collectively, they are 



known as the transition metals, a name that denotes their central position in the periodic 
table. The transition metals include some of the most familiar and important 
elements—iron, Fe; copper, Cu; nickel, Ni; chromium, Cr; silver, Ag; and gold, Au. They 
also include many lesser-known elements that are nonetheless important in modern 
technology. People with hip implants appreciate the transition metals titanium, Ti; 
molybdenum, Mo; and manganese, Mn, because these noncorrosive metals are used in 
implant devices. 

 

fyi 
A uranium atom is 40 times as heavy as a lithium atom, but it is only slightly larger 
because its more highly charged nucleus pulls harder on its electrons. But it has 
more electrons to pull—a balancing act that barely changes the atom’s size. 

Within the sixth period is a subset of 14 metallic elements (atomic numbers 58 to 71) 
that are quite unlike any of the other transition metals. A similar subset (atomic numbers 
90 to 103) is found within the seventh period. These two subsets are the inner transition 
metals. Inserting the inner transition metals into the main body of the periodic table as in 
results in a long and cumbersome table. So that the table can fit nicely on a standard 
paper size, these elements are commonly placed below the main body of the table. 
Inserting the inner transition metals between atomic groups 3 and 4 results in a periodic table that is 

not easy to fit on a standard sheet of paper. 

The typical display of the inner transition metals. The count of elements in the sixth period goes from 

lanthanum (La, 57) to cerium (Ce, 58), on through to lutetium (Lu, 71), and then back to hafnium (Hf, 

72). A similar jump is made in the seventh period. 

The sixth-period inner transition metals are called the lanthanides because they fall after 

lanthanum, La. Because of their similar physical and chemical properties, they tend to 
occur mixed together in the same locations on Earth. Also because of their similarities, 

lanthanides are unusually difficult to purify. The commercial use of lanthanides has 



increased. Several lanthanide elements, for example, are used in the fabrication of the 
light-emitting diodes (LEDs) of computer monitors and flat-screen televisions. Others, 

such as neodymium, Nd, are used to create powerful magnets. 

 

fyi 
From 1943 to 1986, the Hanford nuclear facility in central Washington state 
produced 72 tons of plutonium, nearly two-thirds of the nation’s supply. Creating 
this much plutonium generated an estimated 450 billion gallons of radioactive and 
hazardous liquids, which were discharged into the local environment. 

The seventh-period inner transition metals are called the actinides because they fall 
after actinium, Ac. They, too, all have similar properties and hence are not easily 
purified. The nuclear power industry faces this obstacle because it requires purified 
samples of two of the most publicized actinides: uranium, U, and plutonium, Pu. 
Actinides heavier than uranium are not found in nature but are synthesized in the 
laboratory. 

Learning Objective 

Distinguish between models that describe physical attributes and models that 
describe the behavior of a system. 

Atoms are so small that the number of them in a baseball is roughly equal to the 
number of Ping-Pong balls that could fit inside a hollow sphere as big as Earth. This 
number is incredibly large—beyond our intuitive grasp. Atoms are so incredibly small 
that we can never see them in the usual sense. This is because light travels in waves, 
and atoms are smaller than the wavelengths of visible light, which is the light that allows 
the human eye to see things. As illustrated in the diameter of an object visible under the 



highest magnification of a microscope must be larger than the wavelengths of visible 
light. 

If Earth were filled with Ping-Pong balls, the number of balls would be roughly equal to the number of 
atoms in a baseball.Microscopic objects can be seen through an optical microscope, but 
submicroscopic particles cannot. (a) A bacterium is visible because it is larger than the wavelengths 
of visible light and the bacterium reflects visible light. (b) An atom is invisible because it is smaller 
than the wavelengths of visible light and does not reflect the light toward our eyes. 

Although we cannot see atoms directly, we can generate images of them indirectly. In 
the mid-1980s, researchers developed the scanning probe microscope, which produces 
images by dragging an ultrathin needle back and forth over the surface of a sample. A 
scanning probe microscope can also be used to position individual atoms into desired 
locations. This ability opened the field of nanotechnology, which we will discuss further 
in Chapter 11. 

(a) Scanning probe microscopes are relatively simple devices used to create submicroscopic 
imagery. (b) An image of gallium and arsenic atoms obtained with a scanning probe microscope. (c) 
Each dot in the world’s tiniest map consists of a few thousand gold atoms, each atom moved into its 
proper place by a scanning probe microscope. 

Like the weather, the atom is a complex system of interacting components, and it is best 
described with a conceptual model. Thus, you should be careful not to interpret any 
visual representation of an atomic conceptual model as a re-creation of an actual atom. 
In Section 9.5, for example, you will be introduced to the planetary model of the atom, in 
which electrons are shown orbiting the atomic nucleus much as planets orbit the Sun. 
This planetary model is limited, however, in that it fails to explain many properties of 
atoms. Thus newer and more accurate (and more complicated) conceptual models of 
the atom have since been introduced. In these models, electrons appear as a cloud 
hovering around the atomic nucleus, but even these models have their limitations. 
Ultimately, the best models of the atom are purely mathematical. We can’t “see” an 
atom because it is too small. We can’t see the farthest star either. There’s much that we 
can’t see. But that doesn’t prevent us from thinking about such things or even collecting 
indirect evidence. 
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Unifying Concept 

The Scientific Method Section 1.3 

In this book, our focus is on conceptual atomic models that are easily represented by 
visual images, including the planetary model and a model in which electrons are 
grouped in units called shells. Despite their limitations, such images are excellent 
guides to learning about the behavior of atoms, especially for the beginning student. As 
we discuss in the following sections, scientists developed these models to help explain 
how atoms emit light. 

9.3 The Periodic Table 

7. Are most elements metallic or nonmetallic? 
8. How many periods are in the periodic table? How many groups? 
9. What happens to the properties of elements as you go across any period 

of the periodic table? 
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