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Introduction to the Series

 the connecting Students to Science Series is designed for grades 5–8+. this series 
will introduce the following topics: Simple Machines, Electricity and Magnetism, rocks and 
Minerals, atmosphere and Weather, chemistry, light and color, Sound, and the Solar System. 
Each book will contain an introduction to the topic, naive concepts, inquiry activities, content 
integration, children’s literature connections, curriculum resources, assessment documents, and 
a bibliography and materials list. Students will develop an understanding of the concepts and 
processes of science through the use of good scientific techniques. Students will be engaged 
in higher-level thinking skills while doing fun and interesting activities. all of the activities will 
be aligned with the national Science Education Standards (nSES) and national council of 
t eachers of Mathematics (nctM) Standards.
 this series is written for classroom teachers, parents, families, and students. the books 
in this series can be used as a full unit of study or as individual lessons to supplement existing 
textbooks or curriculum programs. activities are designed to be pedagogically sound, hands-on, 
minds-on science activities that support the nSES. parents and students can use this series as 
an enhancement to what is being done in the classroom or as a tutorial at home. t he procedures 
and content background are clearly explained in the introduction and within the individual 
activities. Materials used in the activities are commonly found in classrooms and homes. 
 if teachers are giving letter grades for the activities, points may be awarded for each level 
of mastery indicated on the assessment rubrics. if not, simple check marks at the appropriate 
levels will give students feedback on how well they are doing.
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Introduction to the Concepts/Topic Area

Historical Perspective

 Science as an organized body of knowledge 
began with the ionian School of g reek philosophers.
 Alchemy , one of the earliest forms of 
chemistry, combines religion, science, philosophy, 
and magic. it developed in a lexandria, Egypt; c hina, 
and greece sometime after the sixth century b.c . 
archimedes (287–212 b.c .) discovered the law of 
buoyancy  called Archimedes’ Principle . a rchi-
medes’ principle states that an object placed in a 
liquid seems to lose an amount of weight equal to the 
amount of fluid it displaces. archimedes conducted 
an experiment to determine how much gold was 
in the king’s crown. h e did so by measuring the 
amount of water the crown displaced when it was 
submerged in water. if the crown displaced the 
same amount of water as an equal volume of gold, 
he could determine if the crown was made of pure 
gold. 
 Democritus (460–370 b.c .) developed the 
atomic theory of matter , which states that all substances in the universe are made of particles 
that could not be broken down further. later, these particles were called atoms , which is a 
greek word meaning “indivisible.” Democritus also explained that atoms could not be created 
or destroyed but could be rearranged in different combinations. this was the beginning of the 
development of the law of conservation of mass and energy . 
 alchemy arrived in a.d . 300 and was the main source of chemical knowledge until 1600. 
Some of the discoveries made during this time included producing chemical changes in natural 
substances, improving methods for taking metal from ores, making and using acids, and designing 
balances and crucibles. alchemy spread to arabia in a.d . 642. 
 arrazi (a.d . 880–909) was the first to classify chemical substances into mineral, vegetable, 
animal, and derivative groups. he also subdivided minerals into metals, spirits, salts, and stones.
 in the 1500s, knowledge of chemistry was used to fight diseases. in the 1500–1600s, 
some alchemists were called iatrochemists  because they had begun to study the chemical 
effects of medicines on the body. philippus paracelsus accepted the belief that the four basic 
substances were air, fire, water, and earth. h e believed that the four basic substances were made 
of mercury, sulfur, and salt. libavius, who was a follower of paracelsus, wrote the first accurate 
chemistry book called Alchemia in 1597. Jan Baptista van helmont believed only air and water 
were elements, and water was the basic element of all plants. he invented the word gas and 
studied gases released by burning charcoal and fermenting wine. in 1592, galileo developed 
a thermoscope , a precursor to the thermometer. By the 1600s, chemistry became a science. 
Jean Beguin wrote the first textbook of chemistry in 1611.
 in the thirteenth century, roger Bacon had begun to use the experimental method of 
chemical research by planning his experiments and carefully interpreting his results. r obert Boyle 
(1627–1691) also believed that theory must be supported by experimentation. Boyle continued 
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Van helmont’s study of gases, and through his experiments found that air, earth, fire, and water 
were not elements. the publication of his book,  The Sceptical Chymist (1661), was the beginning 
of the end of alchemy. in 1662, Boyle discovered that there is an inverse relationship between the 
volume of a gas and its pressure, now referred to as Boyle’s law. Boyle also rejected the current 
thought that matter was made of earth, air, water, and fire. he proposed that matter consisted 
of primary particles that could collect together to make what he called “corpuscles.” 
 During the 1700s, many elements were discovered, including oxygen and its role in 
chemical reactions. this was one of the keys to modern chemistry. 
 Joseph priestly (1733–1804) conducted research on gases and discovered what would 
later be called oxygen . h e found that materials burned readily in oxygen, and it had an invigorating 
effect if it was inhaled. he also discovered what we now know as carbon dioxide . While living 
next door to a brewery, he discovered that the fermentation of grain gave off a gas that was 
heavier than air and put out fire. he also discovered that when it was mixed with water, it made 
a refreshing drink, soda water, which was the precursor to present-day soft drinks. 
 antoine-laurent lavoisier (1743–1794) is considered the founder of modern chemistry 
because of his strict approach to research. he drew up the first rational system of chemical 
nomenclature. he also studied combustion, and when he heard of the gas that encouraged 
the burning process, he called it oxygen. he defined burning as the uniting of a substance with 
oxygen.
 During the 1800s, fifty elements were discovered. Sir humphry Davy discovered sodium 
and potassium by running electricity through substances containing them. t his process was called 
electrolysis . he also experimented with gases and discovered nitrous oxide and its properties; 
however, he is most well known for inventing a safety lamp for miners.
 Friedrich Wohler’s (1800–1882) research developed the concepts of organic and inorganic 
chemistry. he and Justus von liebig discovered that the spatial organization of atoms within a 
molecule was important in determining the kind of substance it made. c hemistry was later divided 
into three main branches: inorganic, organic, and physical chemistry. Inorganic chemistry  is the 
study of compounds without carbon. Organic chemistry  is the study of substances containing 
carbon. Physical chemistry  deals with the study of heat, electricity, and other forms of energy 
in chemical processes. 
 in 1808, John Dalton published an atomic theory suggesting that each element was made 
up of a certain kind of atom, and each was different from all other elements. his atomic weights 
were not correct; however, he did formulate the atomic theory of Matter. the Atomic Theory of 
Matter  states that all matter is made up of atoms. his theories were based on three propositions: 
(1) all matter is made of extremely small indivisible particles called atoms; (2) atoms of one 
element are exactly alike; and (3) When elements combine, they form compounds—their atoms 
combine in simple numerical proportions. 
 in 1828, Jöns Berzelius calculated more accurate atomic weights based on Dalton’s 
atomic theory and Joseph louis gay-lussac’s (1778–1850)  l aw of Combining volumes . this 
law states that elements combine in definite proportions by volume to form compounds. Berzelius 
also introduced the use of atomic symbols . 
 amedeo avogadro in 1811 discovered that there was a difference between atoms and 
molecules. Stanislao c annizzaro demonstrated how avogadro’s theory applied to the measurement 
of atomic weights. this work led to the periodic l aw developed by Dmitri Mendeleev and lothar 

Introduction to the Concepts/Topic Area (cont.)

introduction to the concepts/t opic area



4© Mark t wain Media, inc., publishers

chemistry

Meyer in 1869. the Periodic law  states that an element’s properties depend upon its atomic 
weight. Mendeleev developed this discovery into the periodic table of the 63 elements known 
during his time. he left gaps in the periodic table to show that there were still more elements to 
be discovered. there are currently 118 known elements. 
 in the 1900s, research was being done on the structure of the atom. niels Bohr (1885-
1962) proposed the first model of the atom to incorporate quantum physics. Bohr devised the 
concept of having the electrons in different energy levels in an atom. 

The Development of Chemistry

 the term chemistry was used for the first time around a.d . 400–409, and it was used in 
reference to changing matter. chemistry and the chemical industry really has its roots in the 
kitchen—pounding grain and other foods, boiling food in pots, straining to separate solids and 
liquids, fermentation, etc. Salt was probably one of the first chemicals used. Salt is found in the 
seas and inside the earth. Salt has been used for many things including flavoring and preserving 
foods, melting snow and ice, softening water, processing fabrics and leather, mummification, 
making pottery, and building churches. Salt was also used as a medicine in ointments, powders, 
and syrups. another commonly used early chemical was sodium. it was used as a preservative, 
in glasses and glazes for pottery, and in cleaning textiles. other early chemicals were plant and 
animal dyes.
 Chemistry  is the study of substances and how they interact with other substances. the 
scientific definition of chemistry is the study of the composition of matter and the changes that 
the matter undergoes. chemistry is related to many areas of science including biology, geology, 
physiology, physics, medicine, and so on. there are many practical applications of chemistry 
in the world around us. clothes are made from synthetic fibers and natural or manmade dyes. 
cooking is chemistry. For example, when baking a cake, several different substances are mixed 
and baked, which results in a new substance. 
 in the 1800s, chemistry was divided into three main branches: inorganic, organic, and 
physical chemistry. Inorganic chemistry  is the study of compounds without carbon. Organic 
chemistry  is the study of substances containing carbon. Physical chemistry  deals with the 
study of heat, electricity, and other forms of energy in chemical processes. t wo more branches of 
chemistry were added: analytical chemistry , which deals with the composition of substances, 
and biochemistry , which is the study of the chemistry of living organisms. 
 Some of the processes used by chemists are filtration, distillation, fermentation, and 
sublimation. Filtration  uses porous materials to separate solids from liquids, (i.e., a coffee 
filter allows the coffee oils through but not the grounds). Distillation  is a process by which a 
liquid is turned into a vapor and condensed back into a liquid. this process is used to separate 
liquids from dissolved solids or volatile liquids from less volatile ones. For example, salt can be 
removed from seawater by allowing the water to evaporate and re-condense in another container. 
Fermentation  is the production of alcohol from sugar through the action of yeast or bacteria. 
Sublimation  is when a solid turns to a gas without first changing to a liquid (i.e., mothballs).

Introduction to the Concepts/Topic Area (cont.)
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Scientific Concepts

 Chemistry  is the study of the structure, properties, and composition of substances and 
the changes to those substances (Wilbraham, Staley, Matta, Waterman, 2002). it is important 
to understand the basic concepts of chemistry and its application because it is a part of 
everyday life. chemistry is involved in food production and preparation, making medicines, the 
life processes of animals and plants, safety equipment, materials production, forensic science, 
health and sanitation, fuels, dyes, tree color changes in the fall, home heating and cooling, and 
fabric and textile production. another important reason to study chemistry is to study the impact 
some chemicals have on the environment and the long-term effects of certain chemicals in the 
environment. the study of chemistry is needed to try to change the negative effects of some of 
the technology and chemicals produced as by-products, such as the impact that aerosol sprays 
have had on the ozone layer. 

States of Matter

 this study of chemistry begins with an examination of matter. there are two theories 
about the makeup of matter, atomic and molecular. Atomic Theory  states that matter is made 
up of atoms. Molecular Theory  states that matter is made of molecules. Matter  is defined as 
anything that has mass and takes up space or has volume. the second activity in this book is 
an air activity in which it is shown that air is matter if it has mass and takes up space. Matter 
has been classified into four states or phases of matter: solid, liquid, gas, and plasma. this 
book focuses on three of the states of matter because the concept of plasma is too abstract for 
students of this age.

 Solids  have a definite shape and volume. this means 
that solids keep their shape and take up the same amount of 
space. Solids have a high cohesive force so the molecules of 
solids are packed tightly together. the cohesive force  is the 
attraction of like substances. Molecules are in constant motion; 
however, in solids, the molecules are moving so slowly you 
cannot see them move.

 liquids  have a definite volume but no definite shape. 
liquids will take up the same amount of space but will take 
the shape of the container in which they are placed. at the 
molecular level, the liquids have a low cohesive force, so the 
molecules of a liquid are spread far enough apart that they 
can flow over each other and move a little faster.
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 Gases  have no definite volume or shape. the cohesive force of 
gases is almost nonexistent, so the molecules are not attracted to each 
other. the gases will expand to fill any container and will take the shape 
of the container.

 Plasma  has no definite shape or volume and is a highly energized 
gas. as with other gases, the cohesive force of plasma is almost nonexistent, so the molecules 
are not attracted to each other. t he gases will expand to fill any container and will take the shape 
of the container.

Properties of Matter

 properties of matter can be divided into two types: physical properties and chemical 
properties. 

Physical Properties

 Physical properties  can be observed or measured without changing the chemical 
structure of the substance. physical properties include mass, volume, and density. Mass  is 
the amount of matter present, and it remains constant. the metric basic unit of measure for 
mass is the gram . volume  is how much space something takes up, and the basic metric unit 
of measure for volume is the liter . the volume of some objects, such as a block of wood, may 
be found mathematically by taking the length times the width times the height. 

  v = length x Width x Height  or  l x W x H

 the volume of other three-dimensional objects, such as spheres and pyramids, can 
also be found mathematically. the volume of an irregular object, such as a rock, can be found 
by using a method called displacement . Water is added to a calibrated container, such as a 
measuring cup, and recorded. once the volume of water has been recorded, the rock is added, 

and the level of the water is recorded again. the difference 
between the first measurement and the second is the volume 
of the rock. When reading a measuring cup or graduated 
cylinder, the liquid has a tendency to cling to the sides of 
the container, creating a curve called the meniscus . the 
tendency of unlike materials to be attracted to each other 
is called adhesion . When reading the volume, you must 
measure from the bottom of this curve. 

Introduction to the Concepts/Topic Area (cont.)
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Finding the volume of Irregular Shapes By Displacement

 Density  is the relationship between mass and volume. it can be calculated by dividing 
the mass by the volume.

            Mass   or        M
          volume           v

For example, the mass of 1 milliliter of water is 1 gram at 4 degrees celsius. the density of 
water is calculated by:

           1gram   or  a Density of 1g/ml
        1 milliliter

Knowing the relationship of mass to volume or density will help you determine whether or not 
an object will sink or float.

Chemical Properties

 Chemical properties  allow substances to chemically react to other substances to form 
new substances. these changes occur at the atomic or molecular level. Atomic Theory  states 
that matter is made of atoms. atoms are the smallest part of an element and are the building 
blocks of all matter; they combine to form elements and molecules. atoms consist of electrons, 
protons, neutrons, and hundreds of sub-atomic particles. For middle-school students, the 
discussion should focus on the electrons, protons, and neutrons. Electrons  have a negative 
charge and circle around the nucleus of the atom. the nucleus contains protons and neutrons. 
Protons  have a positive charge, and neutrons  are neutral or have no charge. Most of the mass 
of an atom is from the protons and neutrons and is in the nucleus.
 Models of the atom are changing as more is learned about them. John Dalton’s (1766–
1844) a tomic theory stated that atoms were a solid, indivisible mass. 

Introduction to the Concepts/Topic Area (cont.)
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 J. J. thomson (1856–1940) discovered atoms contained electrons. he described the 
“plum pudding” model of an atom with charged electrons stuck into a lump of positively-charged 
material (i.e., a ball of peanut brittle with the candy part making up the positively-charged material 
and the peanuts the electrons). however, this model did not describe the number of electrons 
and protons, their arrangement, or that electrons could be removed to form ions.  
 Ernest r utherford (1871–1937) discovered that atoms contained a nucleus. h e proposed 
that atoms had a nucleus surrounded by electrons. he thought the rest of the atom was empty 
space. 
 n iels Bohr (1885–1962) suggested that the electrons moved around the nucleus in 
concentric circular paths or orbits. he further stated that electrons in a particular path have a 
fixed energy. in order for them to move from one orbit to another, they must gain or lose energy. 
a quantum  of energy  is the amount of energy needed to move an electron from its current 
level to the next higher level. this concept is where the term quantum leap , which describes 
an abrupt change, originates. 
 James chadwick (1891–1974) discovered that the nuclei of atoms contained neutrons 
that carried no charge. 
 Erwin Schrodinger (1887–1961) used quantum theory to develop the quantum 
mechanical model of the atom. in this model, electrons have a restricted value, but they do 
not have a specified path around the nucleus. they are in a cloud around the nucleus. 
 Since the current theory of atomic structure consists of electrons, protons, neutrons, 
and hundreds of sub-atomic particles, Bohr’s model is the easiest for students at this level to 
understand.

Using Bohr’s Model to Represent Chadwick’s Notion of the Atom - Nucleus With Positively 
Charged Protons and Neutrons With No Charge Surrounded by Negatively Charged 
Electrons Orbiting Around the Nucleus

Introduction to the Concepts/Topic Area (cont.)
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Elements

 Elements  are substances made up of 
only one kind of atom that cannot be divided by 
ordinary laboratory means. o rdinary laboratory 
means might include physical separation, 
filtration, or distillation. the Periodic law  states 
that an element’s properties depend upon its 
atomic weight. Dimitri Mendeleev developed this 
discovery into the periodic table of the 63 elements 
known during his time. he left gaps in the periodic 
table showing that there were still more elements 
to be discovered. currently there are 118 known 
elements. By organizing the elements by atomic 
number in the periodic table, groups of elements 
emerged. the horizontal rows are periods . the 
periodic l aw states that when elements are 
arranged by increasing atomic number, their 
physical and chemical properties are the same. 
t hese periods are arranged according to the 
atomic number, which is the number of protons 
in the nucleus. the columns represent groups or 
families  that have similar physical and chemical properties. 

Introduction to the Concepts/Topic Area (cont.)
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 Each box on the periodic table has the atomic number, which represents the number of 
protons or positively-charged particles in the nucleus. the number of electrons always equals 
the number of protons in an electrically-balanced atom. atoms of the same element have the 
same number of protons but may have a different number of neutrons. Elements with different 
numbers of neutrons are called isotopes . Atomic weights  are determined by comparing the 
element with an atom of carbon 12, which is assigned the weight of 12 units. the atomic mass 
numbers  are often used in place of atomic weights. atomic mass is the number of protons and 
neutrons found in the atom.

In the Periodic Table of the Elements

Molecules

 atoms can combine to form new substances called molecules. chemical bonds hold the 
atoms of the molecule together. Molecules are in constant motion. Molecules are the smallest part 
of a compound that still has the properties of the compound. a  molecule is a neutral, chemically-
bonded group of atoms that acts as one unit. Molecules are in constant motion in all states of 
matter. Molecules of a solid are packed tightly together, have strong cohesive force, and move 
slowly. Cohesion  is the attraction of like substances. Molecules of a liquid are spread farther 
apart and have a lower cohesive force that allows the molecules to slide over one another, and 
they move more rapidly. in a gas, molecules have very little cohesive force, are spread farther 
apart, and move very rapidly. 

Changes in Matter

 Matter can undergo different kinds of changes: physical, chemical, and nuclear. a 
physical change  is an alteration in a substance that does not change the chemical makeup of 
the substance. cutting a piece of paper is a physical change. a chemical change  takes place 
when substances are combined, and they change their chemical structure. During a chemical 
reaction, atoms are rearranged into new substances. an animal digesting food is a chemical 
change. in a nuclear change , the change takes place in the nucleus of the atom. this happens 
in fusion and fission reactions in nuclear reactors.

Physical Changes

 physical changes include changes in states of matter. the states of matter are solid, 
liquid, gas, and plasma. heat is added or taken away when matter changes from one state to 
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