Chemical Reactions
Grades K-4
Science as Inquiry
Abilities necessary to do scientific inquiry

- Ask a question about objects, organisms, and events in the environment.

- Plan and conduct a simple investigation.

- Communicate investigations and explanations.

Understandings about scientific inquiry

- Scientific investigations involve asking and answering a question and comparing the
answer with what scientists already know about the world.

- Scientists use different kinds of investigations depending on the questions they are
trying to answer. Types of investigations include describing objects, events, and
organisms; classifying them; and doing a fair test (experimenting).

- Scientists develop explanations using observations (evidence) and what they already
know about the world (scientific knowledge). Good explanations are based on evidence
from investigations.

Physical Science
Properties of objects and materials

- Objects have many observable properties, including size, weight, shape, color,
temperature, and the ability to react with other substances. Those properties can be
measured using tools, such as rulers, balances, and thermometers.

- Objects are made of one or more materials, such as paper, wood, and metal. Objects can
be described by the properties of the materials from which they are made, and those
properties can be used to separate or sort a group of objects or materials.

- Materials can exist in different states—solid, liquid, and gas. Some common materials,
such as water, can be changed from one state to another by heating or cooling.

Light, heat, electricity, and magnetism

- Heat can be produced in many ways, such as burning, rubbing, or mixing one substance
with another. Heat can move from one object to another by conduction.

- Electricity in circuits can produce light, heat, sound, and magnetic effects. Electrical
circuits require a complete loop through which an electrical current can pass.

Earth and Space Science
Properties of earth materials
- Earth materials are solid rocks and soils, water, and the gases of the atmosphere. The
varied materials have different physical and chemical properties, which make them
useful in different ways, for example, as building materials, as sources of fuel, or for
growing the plants we use as food. Earth materials provide many of the resources that
humans use.

History and Nature of Science
Science as a human endeavor
- Many people choose science as a career and devote their entire lives to studying it. Many
people derive great pleasure from doing science.

Grades 5-8
Science as Inquiry
Abilities necessary to do scientific inquiry
- Identify questions that can be answered through scientific investigations.
- Design and conduct a scientific investigation.
- Communicate scientific procedures and explanations.
Understandings about scientific inquiry
- Different kinds of questions suggest different kinds of scientific investigations. Some
investigations involve observing and describing objects, organisms, or events; some
involve collecting specimens; some involve experiments; some involve seeking more



information; some involve discovery of new objects and phenomena; and some involve
making models.

Physical Science
Properties and changes of properties in matter

- A substance has characteristic properties, such as density, a boiling point, and solubility,
all of which are independent of the amount of the sample. A mixture of substances often
can be separated into the original substances using one or more of the characteristic
properties.

- Substances react chemically in characteristic ways with other substances to form new
substances (compounds) with different characteristic properties. In chemical reactions,
the total mass is conserved. Substances often are placed in categories or groups if they
react in similar ways; metals is an example of such a group.

- Chemical elements do not break down during normal laboratory reactions involving
such treatments as heating, exposure to electric current, or reaction with acids. There are
more than 100 known elements that combine in a multitude of ways to produce
compounds, which account for the living and nonliving substances that we encounter.

Transfer of energy

- Energy is a property of many substances and is associated with heat, light, electricity,
mechanical motion, sound, nuclei, and the nature of a chemical. Energy is transferred in
many ways.

- Heat moves in predictable ways, flowing from warmer objects to cooler ones, until both
reach the same temperature.

- Light interacts with matter by transmission (including refraction), absorption, or
scattering (including reflection). To see an object, light from that object—emitted by or
scattered from it—must enter the eye.

- Electrical circuits provide a means of transferring electrical energy when heat, light,
sound, and chemical changes are produced.

- In most chemical and nuclear reactions, energy is transferred into or out of a system.
Heat, light, mechanical motion, or electricity might all be involved in such transfers.

Grades 9-12
Science as Inquiry
Abilities necessary to do scientific inquiry
- Identify questions and concepts that guide scientific investigations.
- Design and conduct scientific investigations.
Understandings about scientific inquiry
- Scientists conduct investigations for a wide variety of reasons. For example, they may
wish to discover new aspects of the natural world, explain recently observed
phenomena, or test the conclusions of prior investigations or the predictions of current
theories.

Physical Science
Structure and properties of matter

- Atoms interact with one another by transferring or sharing electrons that are furthest
from the nucleus. These outer electrons govern the chemical properties of the element.

- Bonds between atoms are created when electrons are paired up by being transferred or
shared. A substance composed of a single kind of atom is called an element. The atoms
may be bonded together into molecules or crystalline solids. A compound is formed
when two or more kinds of atoms bind together chemically.

Chemical reactions

- Chemical reactions occur all around us, for example in health care, cooking, cosmetics,
and automobiles. Complex chemical reactions involving carbon-based molecules take
place constantly in every cell in our bodies.

- Chemical reactions may release or consume energy. Some reactions such as the burning
of fossil fuels release large amounts of energy by losing heat and by emitting light. Light



can initiate many chemical reactions such as photosynthesis and the evolution of urban
smog.

A large number of important reactions involve the transfer of either electrons
(oxidation/reduction reactions) or hydrogen ions (acid / base reactions) between reacting
ions, molecules, or atoms. In other reactions, chemical bonds are broken by heat or light
to form very reactive radicals with electrons ready to form new bonds. Radical reactions
control many processes such as the presence of ozone and greenhouse gases in the
atmosphere, burning and processing of fossil fuels, the formation of polymers, and
explosions.

Chemical reactions can take place in time periods ranging from the few femtoseconds
(10-15 seconds) required for an atom to move a fraction of a chemical bond distance to
geologic time scales of billions of years. Reaction rates depend on how often the reacting
atoms and molecules encounter one another, on the temperature, and on the
properties—including shape—of the reacting species.

Catalysts, such as metal surfaces, accelerate chemical reactions. Chemical reactions in
living systems are catalyzed by protein molecules called enzymes.



