Unit 5 - Matter and Solutions
Matter is defined as anything that has mass and takes up space. Mass is the measure of the amount of matter in an object. The amount of space that matter takes up is called volume. Mass, volume, and density are properties common to all matter. Some properties, such as color, boiling temperature, chemical reactivity, and electrical conductivity, are specific properties that describe the differences among the different kinds of matter. A particular kind of matter, such as gold, water, or salt, is called a substance.

Different kinds of matter are made of identical particles but the different arrangement of the particles results in different properties. For example, diamonds and coal are made of carbon particles but each has very different properties. Another reason for the different kinds of matter is the motion of the particles. If the temperature increases, then the speed of the particles increases. Particle motion determines whether matter exists as a solid, liquid, or a gas. Matter that has a definite shape and a definite volume, like a rock, is called a solid. A liquid has a definite volume but no definite shape. A liquid, like water, takes on the shape of its container Matter that has no definite shape and no definite volume, like air, is a gas. Gases will expand to fill any available space.
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And finally, plasmas are gases that have been so energized, that their atoms have been

stripped of some or all electrons. Solar flares are great examples of plasmas. Solar flares eject extremely hot hydrogen ions (H+) away from the sun toward Earth. Plasma is by far the most common form of matter. Plasma in the stars and in the tenuous space between them makes up over 99% of the visible universe and perhaps most of that which is not visible. On earth we live upon an island of "ordinary" matter. The different states of matter generally found on earth are solid, liquid, and gas. Plasma consists of a collection of free moving electrons and ions - atoms that have lost electrons. Energy is needed to strip electrons from atoms to make plasma. The energy can be of various origins: thermal, electrical, or light (ultraviolet light or intense visible light from a laser). With insufficient sustaining power, plasmas recombine into neutral gas.
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Atoms are the building blocks of all matter. Sometimes atoms become negatively or positively charged. These charged particles are called ions. When a sample of matter contains one type of atom, it is called an element. Hydrogen and oxygen are elements. If a sample of matter contains two or more elements chemically combined in a certain ratio, it is called a compound. The compound water is made of two hydrogen atoms chemically combined with one oxygen atom. A molecule is the smallest particle of a compound. Elements and compounds are referred to as pure substances. Other matter is referred to as mixtures or solutions.

CLASSIFICATION OF MATTER

Mixtures are made of more than one kind of matter that is physically combined. There is no particular ratio and each part of the mixture keeps its own properties. Examples of mixtures are perfume, potting soil, salad dressings, and tea. If the substances in the

mixture are not evenly “mixed,” it is called a heterogeneous mixture. Salad dressings

and potting soil are heterogeneous mixtures. In a homogeneous mixture the substances

are in the same amount in all parts of the mixture. Tea and perfume are examples of

homogeneous mixtures. Homogeneous mixtures are also known as solutions. The

following diagram is one example that summarizes the classification of matter.
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A solution is made up of two parts—a solute and a solvent. A solute is the substance

being dissolved, while a solvent is the substance doing the dissolving. For example, in a saltwater solution, salt is the solute and water is the solvent. The ability of a substance to dissolve in another substance is called solubility.
[image: image4.emf]
For example, in a copper (II) chloride solution, the CuCl2 is the solute while water is the solvent. This example is shown in the box above. The solubility is the ability of a substance to dissolve in a solvent, such as water. When the maximum amount of solute that can be dissolved is added to the solvent, the solution becomes saturated. Below this maximum amount, the solution is unsaturated.
There are a number of factors that can affect the rate at which a solid solute dissolves in a liquid solvent: 

· Stirring increases the amount of fresh solvent that comes in contact with a solute.

· When a solute is ground into smaller-sized particles, the amount of surface area


exposed to the solvent increases.
· Solvent molecules move faster when the temperature increases.
A solubility curve shows how the amount [image: image5.emf]of dissolved solute changes with temperature. The solubility curve above shows the solubility of potassium chloride (KCl) as a function of temperature. Notice the dimensions of solubility are grams of solute per 100 grams of solvent

(water). The solubility of most salts, like KCl, increases with higher temperatures, as

can be seen in this graph to the right. A solubility curve also shows the

temperature at which a solute will begin to precipitate from solution. For example, if 54 grams of KCl are dissolved in 100 grams of boiling water, the salt completely dissolves. When the solution cools, though, the KCl begins to precipitate at 90°C because the solution has become saturated. As the solution cools further, more of the KCl will precipitate out until at 0°C, only 28 grams of the salt remain in solution. (Note that the area above  the line  represents a ‘super-saturated’ solution, the area on the line represent a saturated solution, and the area below the line represent a saturated solution.)
Oil and water don’t mix, but there are thousands of substances that do mix in water.  This is why water is sometimes called the universal solvent. Water’s structure enables it to dissolve many substances. Look at the box to the right. This type of structure causes the oxygen to take on a slightly negative charge, while the hydrogen atoms take on a slightly positive charge resulting in a polar molecule. Water’s polarity allows water to act like small magnets attracting many kinds of molecules.
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Physical properties can be observed or measured without changing the identity of the substance. For example, color, shape, and odor are physical properties that can be observed using your senses. Other physical properties, like mass, weight, volume, density, and conductivity can be measured. The physical properties for a sample of a pure substance remain constant. For example, pure water is always a colorless liquid that boils at 100 C at sea level. 

 - Mass is the amount of matter in an object. Mass is measured in grams (g) or kilograms (kg). 

 - Weight is the measure of the force of gravity on matter.

 - Density is the amount of mass in a given volume. D = m/V

If mass is expressed in grams (g) and volume is expressed in milliliters (mL) or cubic

centimeters (cm3 ), then density is expressed in grams per milliliter (g/mL) or grams per cubic centimeters (g/cm3). The density of water is 1 g/mL.

Density can also determine whether a substance will float or sink in water. For example, if you combine oil and water in a container, the oil will float in a layer above the water. In other words, the oil is less dense than the water. If you look up the density of cooking oil you’ll see it has a density of 0.82 g/mL. What happens to corn syrup, with a density of 1.38 g/mL, if it is added to the container with water and oil? If you said it sinks, you’re right!

 - Temperature is a measure of how hot or how cold a substance is.When we talk about the temperature of some object, we refer to that object's "hotness" or "coldness". Three scales are in common use: the Celsius scale, the Fahrenheit scale, the Kelvin scale. In order to understand the nature of heat and temperature, it is necessary to appreciate the fact that matter consists of moving particles (atoms or molecules) which can interact more or less strongly with one another. This forms the basis of the kinetic theory. The motion of the particles is increased by raising the temperature. Conversely, the motion of the particles is reduced by lowering the temperature, until, at the absolute zero (0 K), the motion of the particles ceases altogether.
Temperature conversions

	Convert Celsius to Kelvin
	K = ºC + 273

	Convert Kelvin to Celsius
	ºC = K - 273

	Problem: 30 ºC = ____ K
	Ans: 303K


Because the particles are in motion, they will have kinetic energy. The particles will not all have the same energy, and the energy of the particles is constantly changing as they undergo changes in speed. Thus, for a given sample of matter, we can only talk about the average kinetic energy of the particles. Temperature is a measure of the average kinetic energy of the particles.

If the temperature is enough to change a substance from a solid to a liquid, the temperature is called the melting point. If there is enough heat energy to change a substance from a liquid to a gas, the temperature is called the boiling point. Melting point and boiling point are physical properties that remain constant for pure substances and can be used to help determine the identity of a substance.
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Physical properties help determine how useful a substance is to humans. For example,

copper is used to make electrical wiring and cooking pans because the element copper

allows electricity or heat to move through it easily. This ability is called conductivity.

Conductivity is the measure of a solution’s ability to conduct electricity. The conductivity gives important clues as to the type of solute dissolved. In aqueous (waterbased) solutions, dissolved ionic compounds yield solutions with high conductivity. Cations and anions readily carry electrical charges through the solution. Strong acids and bases also have a high conductivity for the same reason.

All of these solutions are considered strong electrolytes. Weak acids or

bases ionize only partially so they form solutions with low conductivity. These compounds are called weak electrolytes. Solutions, made from covalent compounds

have zero conductivity since they dissolve as molecules, not ions. They cannot carry electrical charges. These substances are known as nonelectrolytes. Some selected compounds and their electrical conductivity are shown in the box to

the above.  [image: image8.emf] The concentration describes how much solute has been dissolved in solution. Almost all

concentration units express some kind of ratio. For example, the mass percent of a

solution is equal to the mass of the solute (in grams) / mass of solution

(in grams) × 100%. Solutions with higher concentrations tend to conduct electricity better

than dilute solutions.
Mixtures, including solutions, can be separated by physical change.
Tearing paper, chopping wood, and melting ice are examples of substances that have changed their size, shape, or state of matter. These are physical changes. A physical change alters the form of a substance, but not the composition of the substance. The paper pieces are still paper, and the liquid water has the same composition as the ice, H2O. Any change in the state of matter is a physical change. some substances change from a solid directly to a gas. Have you ever seen dry ice, the solid state of carbon dioxide? Dry ice changes from a solid to a gas in a process called sublimation.

Some Physical Changes

Boiling Condensation Dissolving Evaporation Freezing Melting Sublimation
At times, a substance’s reactivity with other substances is used to identify it. The

property that describes how a substance can change to form new substances is called a chemical property. Some examples of chemical properties include the ability to burn

(also known as flammability), the ability to corrode, and the ability to react with chemicals. 

In a chemical change, one or more substances combine or break down to form new substances. Sometimes energy in the form of heat, light, or electricity is given off. In some chemical changes, energy is required for the chemical change to take place.
_ When a substance is combined with oxygen and heat or light is released, the chemical 

      change is referred to as combustion. Burning paper is an example of combustion.
[image: image9.emf]
· Some chemical changes occur in living things. In the process of digestion, energy is released and used by your body to carry out activities like moving or growing. This use of energy is called metabolism.

· Another chemical change that occurs in living things is fermentation.

     Fermentation is the process by which living things partially break down

     carbohydrates, in the absence of oxygen, producing new substances and releasing

     energy. For example, bacteria are used to change milk into yogurt.

· When electricity is used to break down a compound the process is called

      electrolysis. A use for electrolysis is extracting, or removing, metals from their 

      ores. Aluminum and magnesium are examples of metals extracted from ores by 

      electrolysis.

SOMECHEMICAL CHANGES

Combustion Corrosion Metabolism Photosynthesis Electrolysis Fermentation
Acids and Bases

As early as the 1600s, chemists recognized that matter could be classified as either acid

or base. It took many more years to define and describe the behavior of these important

compounds. Chemists today know that acids and bases have the following properties: [image: image10.emf]
Acid: A solution that has an excess of H+ ions. It comes from the Latin word acidus that means "sharp". 
Base: A solution that has an excess of OH- ions. Another word for base is alkali.

Aqueous: A solution that is mainly water. Think about the word aquarium. AQUA means water. 
Strong Acid: An acid that has a very low pH (0-4).
Strong Base: A base that has a very high pH (10-14). 
Weak Acid: An acid that only partially ionizes in an aqueous solution. That means not every molecule breaks apart. They usually have a pH close to 7 (3-6). 
Weak Base: A base that only partially ionizes in an aqueous solution. That means not every molecule breaks apart. They usually have a pH close to 7 (8-10). 
Neutral: A solution that has a pH of 7. It is neither acidic nor basic.

Scientists use the pH scale to measure how acidic or basic a liquid is. The scale goes from 0 to 14. Distilled water is 7 (right in the middle). Acids are found between 0 and 7. Bases are from 7 to 14. Most of the liquids you find every day have a pH near 7. They are either a little below or a little above that mark. When you start looking at the pH of chemicals, the numbers go to the extremes. If you ever go into a chemistry lab, you could find solutions with a pH of 1 and others with a pH of 14. Those chemicals are very dangerous. 
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[image: image1.emf]Acids are compounds that break into hydrogen (H+) ions and another compound when placed in an aqueous solution. Bases are compounds that break up into hydroxide (OH-) ions and another compound when placed in an aqueous solution.

[image: image12.png]



Bases can also be described as any compounds that accept the hydrogen ions to form a salt. For example, hydrochloric acid and sodium hydroxide react together in a neutralization reaction.

HCl + NaOH → NaCl + H2O

Acid                 base                      salt           water
The hydroxide ion (OH−) from the NaOH accepted the hydrogen ion from the HCl to form water. The salt NaCl was formed from the sodium ion (Na+) and the chloride ion (Cl−) left over
