6th Grade Science Concepts

Matter

Matter is anything that has mass and takes up space,

Volume is the amount of space something takes up

We measure the volume of liquids in liters

The volume of solid objects is expressed in cubic units

Mass is the amount of “Stuff” something has

Weight is the gravitational force exerted on an object

We measure mass in grams

Weight is expressed in newtons

Physical properties of matter can be observed without changing the nature of the substance

Density is the amount of matter in a given space or mass per unit of volume

Chemical properties describe a substance based on its ability to change into a new substance with new properties

A chemical change occurs when one or more substances combine to form a new substance with different properties.

States of matter are physical forms of matter: solid liquid, gas and plasma

All matter is made of atoms and molecules that move constantly 

Solid has a definite shape and volume

Liquid has a definite volume but no definite shape

Gas takes the shape and volume of whatever container it is in.  It has no definite shape or volume.

Plasmas are composed of particles that have broken apart.   Plasmas have no definite shape or volume.

A change of state is the change from one physical form to another.  This is a physical change

Exothermic changes release energy, endothermic changes absorb energy.

Melting changes a solid to a liquid, freezing changes a liquid to a solid, the freezing point and melting point of a substance are the same temperature.

Vaporization changes a liquid to a gas; boiling and evaporation are two types of vaporization.  Boiling occurs throughout a liquid, evaporation is only at the surface at a temperature below the boiling point

Condensation changes a gas to a liquid

Sublimation changes a solid directly to a gas

Temperature does not change during a change of state.

Elements, Compounds, and Mixtures

In a pure substance, all the particle are alike

An element is a pure substance that cannot be broken down into anything simpler

Each element has its own chemical and physical properties

Elements are classified as metals, nonmetals or metalloids.

A compound is a pure substance composed of two or more elements chemically combined

Each compound has a unique set of chemical and physical properties that are different from the properties that compose it

Compounds can be broken down into simpler substances by chemical changes

A mixture is a combination of two or more substances but each keeps its own properties

Filtration, evaporation, decantation, and a centrifuge can separate mixtures.

 A solution is a mixture that appears to be a single substance but is composed of a solute dissolved in a solvent. Solutions do not settle out, cannot be filtered and do not scatter light

Concentration is a measure of the amount of a solvent dissolved in a solvent

The solubility of a solute is the amount of solute needed to make a saturated solution using a given amount of a solvent at a given temperature

Suspensions area heterogeneous mixture that contain particles large enough to settle out, be filtered and block or scatter light

Colloids are mixtures that contain particles too small to settle out or be filtered but large enough to scatter light

Introduction to Atoms

Atoms are the smallest particles of an element that retain the properties of the element

In ancient Greece, Democritus argues that atoms were the smallest particles in all matter

Dalton proposed the atomic theory that stated:  Atoms a re small particles that make up matter, atoms cannot be created divided or destroyed, atoms of elements are exactly alike, atoms of different elements are different and atoms join together to make new substances

Thompson discovered electrons, Rutherford discovered that atoms contain a small dense positively charged center called the nucleus

Bohr suggested that electrons move around the nucleus but only at certain distances

According to the most recent atomic theory, electron clouds are where most electrons are most likely to be

A proton is appositively charged particle with a mass of 1amu

A neutron is a particle with no charge that has a mass of 1 amu

An electron is a negatively charged particle with a n extremely small mass

Protons and neutrons make up the nucleus.  Electrons are in the electron cloud outside of the nucleus

The number of protons in the nucleus of an atom is the atomic number.  The atomic number identifies the atoms of a particular element

Isotopes of an atom have the same number of protons but have different numbers of neutrons.  Isotopes have mostly the same chemical and physical properties.

The mass number of the atom is the sum of the protons and neutrons

The atomic mass is the average of all masses of all naturally occurring isotopes of an element

The four forces at work in an atom are: gravity, electromagnetic force, strong force and the weak force

The Periodic Table

Mendeleev developed the first periodic table; he arranged the elements in order of increasing atomic mass.  The properties of elements repeated in a orderly pattern allowing Menedeleev to predict properties of elements yet to be discovered

Moseley rearranged the elements in order of increasing atomic number

Elements in the periodic table are divided into metals, nonmetals and metalloids

Each element has a chemical symbol that is recognize around the world

The horizontal rows are called periods.  The elements gradually change form metallic to non metallic from left to right across each period

The vertical column of elements is called a group or family, they usually have similar properties

The alkali metals (group 1) are the most reactive metals, they have 1 electron in the outer level

The alkaline earth metals (group 2) are less reactive and have 2 electrons in their outer level

The transition metals (groups 3-12) include the most well know metals plus they include the lanthanide and actinide series located below the periodic table

Groups 13-16 contain metalloids along with some metals and non-metals.  The elements in each of these groups have the same number of electrons in their outer level

The halogens (group 17) are very reactive non metals, they have seven electrons in their outer level

The noble gasses (group 18) are non reactive, their outer shells full

Hydrogen is set off by itself because its properties do not match any of the other groups

Chemical Bonding/Compounds
Chemical bonding is the joining of atoms to make a new substance.  A chemical bond is a force of attraction that holds two atoms together

Valence electrons are the electron in the outermost energy level of an atom, they are used to form bonds

Most atoms form bonds by gaining losing or sharing electron until they have 8 valence electrons.  Atoms of hydrogen, lithium and helium only need 2 electrons to fill their outer level

In ionic bonding, electrons are transferred.  The atom that loses electrons becomes a positive ion, the atom that gain becomes a negative ion.  The force of attraction between these is called an ionic bond

Ionic bonding usually occurs between metals and non metals

In covalent bonding, electrons are shared.  The force of attraction between the nuclei is called covalent bonding

Covalent bonding usually occurs between non metals

Covalently bonded atoms form molecules A molecule is the smallest particle of a compound with the chemical properties of a compound

Chemical reactions form new substances with different properties from the starting substances

Clues that a chemical reaction has taken place are:  formation of a gas, formation of a solid, color change, and energy change

A chemical formula tells what is in a compound using chemical symbols and subscripts.  Subscripts are small numbers written below and to the right of a symbol

Chemical formulas can sometimes be written from the names of covalent and ionic compounds

The rate of a chemical reaction is affected by temperature, concentration, surface area and the presence of a catalyst or an inhibitor

An acid is a compound that increases the number of hydrogen ions in a solution.  Acids taste sour, turn litmus paper red, react with metals to produce hydrogen gas and react with baking soda to form carbon dioxide gas

A base is a compound that increases the number of hydroxide ions in a solution.  Bases taste bitter, feel slippery and turn litmus paper blue

When dissolved in water every molecule of a strong acid or base breaks apart to form ions.

When combined an acid and a base neutralize to form a salt and water

pH is measure of the hydronium ion concentration in a solution: pH 7 indicates neutral, less than 7 indicates an acid and pH greater than7 indicates a base

Matter in Motion

An object in motion is in motion if it changes position over time compared with a reference point

The speed of a moving object depends on the distance traveled by the object and the time taken to travel that distance

Speed and velocity are not the same, velocity states direction

Acceleration is the rate at which velocity changes

An object can accelerate by speeding up, slowing down, and/or changing direction

Acceleration is calculated by subtracting initial velocity from final velocity and dividing by time

Force is a push or a pull

Force is measured in Newtons

Force is always exerted by one object on another

Net force is the combination of all forces exerted on an object

Unbalanced forces cause a change in motion

Friction is a force that opposes motion

Friction is caused by uneven surfaces

The amount of friction depends on the roughness of the surfaces and the force pushing the surfaces together

Four types of friction are: sliding friction, rolling friction, fluid friction, ad static friction

All objects accelerate towards Earth at 9.8 m/s/s

Air resistance slows acceleration 

An object in free fall if gravity is the only force acting on it

Centripetal force is needed to keep an object in circular motion, gravity acts as a centripetal force to keep objects in orbit

Newton’s first law of motion states that an object in motion will remain in motion and an object at rest will remain at rest unless a force acts on it

Inertia is the tendency of matter to resist motion

Newton’s second law of motion states that acceleration of an object depends on the mass and the force exerted on it.

Newton’s third law of motion states that whenever one object exerts a force on a second object the second object exerts an equal and opposite force on the first

Gravity is the force of attraction between two objects due to their mass

The law of universal gravitation states that all objects in the universe attract each other through gravitational force

Work and Machines

Work occurs when a force moves an object in the direction of the force.  The unit for measuring work is the Joule

Work is done on an object only when a force makes an object move while the force is being applied

For work to be done on an object, the direction of the object’s motion must be in the same direction that the force is applied

Work is calculated by multiplying force by distance.  

Power is the rate at which work is done.  It is measured in Watts

Power is calculated by dividing the amount of work by the time it takes to do the work

A machine makes work easier by changing the size, direction or both of a force

When a machine changes the size of a force the distance through which the force is exerted also changes.  The force or distance can increase, but not both

Mechanical advantage tells how many times a machine multiplies force.  It can be calculated by dividing the output force by the input force

Machines are not 100% efficient because some of the work done by a machine is used to overcome friction.

All machines are constructed from these six simple machines: lever, inclined plane, wedge, screw, wheel and axle, and pulley

Compound machines consist of two or more simple machines

Energy and Energy Resources

Energy is the ability to do work and work is a transfer of energy.  Energy is measured in Joules

Kinetic energy of an object is energy of motion and depends on speed and mass

Potential energy is the energy of position and shape.  Gravitational potential energy depends on weight and height

Mechanical energy is the sum of kinetic energy and potential energy

Thermal energy, electrical energy, and light energy can all be forms of kinetic energy

Chemical energy, electrical energy, sound energy and nuclear energy can all be forms of potential energy

An energy conversion is a change from one form of energy to another.  Any form of energy can be converted into another form of energy

Machines can transfer and convert energy into a more useful form

Because of friction some energy is always converted into thermal energy

Energy is conserved in a closed system.  The Law of Conservation of Energy states that energy can neither be created or destroyed

Perpetual motion is impossible because some of the energy put into a machine will eventually be converted into thermal energy due to friction

An energy resource is a natural resource that can be converted into other forms of energy 

Non renewable resources cannot be replaced after they are used or can only be replaced after long periods of time (fossil fuels, nuclear energy)

Fossil fuels are non renewable resource formed from the remains of ancient organisms  (coal, petroleum, natural gas)

Renewable resources can be used and replaced by nature over relatively short periods of time (solar energy, wind energy, energy from water, geothermal l energy and biomass)

The sun is the source of most energy on earth
Nuclear fission occurs when a massive unstable nucleus breaks into two less massive nuclei, fission is used in power plants to generate electrical energy
Nuclear fusion occurs when two or more nuclei combine to form a larger nucleus.  The sun’s energy comes from fusion of hydrogen to form helium

Electricity and Magnetism

The law of electrical charges states that like charges repel and opposite charges attract

Objects become charged when they gain or lose electrons, this is done by friction conduction or induction

Charges are neither created or destroyed

Charges move easily in conductors but not in insulators

Static electricity is the buildup of electric charges, it is lost though discharge (lightening is a form of this discharge)

Batteries are made of cells that convert chemical energy to electrical energy

Electric current is the continuous flow of charges caused by the motion of electrons

Voltage is the same as potential difference, as voltage increases, current increases

An object’s resistance varies depending on the object’s material, thickness, length and temperature, as resistance increases, current decreases

Ohm’s Law describes the relationship between current, resistance and voltage

Electrical power is the rate at which electrical energy does work, it is expressed in watts or kilowatts

Electrical energy is power multiplied by time, it is measured in kilowatt-hours

Circuits consist of an energy source, a load, wires and sometimes, a switch

All magnets have two poles.  One pole points to the north if allowed to rotate freely (north pole), the other pole is called the south pole

Like poles repel, opposite poles attract

All magnets are surrounded by a magnetic field, the shape of the field varies with the shape of a magnet and are illustrated with field lines

Magnets can be classified as: ferromagnets, electromagnets, temporary magnets and permanent magnets (magnets can belong to more than one group)

The Earth acts as if there is a big magnet in its core

Compass needles and the north pole of a magnet point to the Earth’s magnetic south pole (this is the Earth’s Geographic North Pole)

Auroras are most commonly seen near the Earth’s magnetic poles because the Earth’s field likes bend inward at the poles

Oersted discovered that a wire carrying an electric current produces a magnetic field

Electromagnetism is the interaction between electricity and magnetism

A solenoid is a coil that carries a current and produces a magnetic field

An electromagnet is a solenoid with an iron core

Increasing the current in a solenoid increases the magnetic field

Increasing the number of loops on a solenoid in creases the magnetic field

A magnet can increase a force in a wire carrying a current

An electric motor converts electrical energy into kinetic energy

Faraday discovered that a changing magnetic field can create an electrical current in a wire, this is called electromagnetic induction

