MODULE C: APPLIED PHYSICS

LESSON 2: States of Matter

I. Terminology


A. Matter

B. Van Der Waals Forces

C. Solid

D. Liquid

E. Gas

F. Physical Change

G. Chemical Change

H. Melting Point

I. Freezing Point

J. Boiling Point

K. Condensation

L. Evaporation

M. Vapor

N. Latent Heat of Fusion

O. Latent Heat of Vaporization

P. Sublimation

Q. Mass

R. Weight

S. Density

T. Specific Gravity

U. Volume 

V. Temperature

II. Matter

A. Definition: Matter is anything that occupies space (has volume) and has mass (weight).   

1. It is anything physically real that you can see, touch or smell.

B. There are three states of matter: 

1. Solid

a. Defined shape 

b. Fixed volume

c. Doesn’t flow, rigid

d. Dense

e. Not easily compressed

f. High degree of internal order

g. Strong attractive forces between atoms called Van Der Waals forces

h. Molecules fixed in relation to each other

i. Motion limited to vibrations or back and forth motion as if held by a spring

2. Liquid

a. No definite shape

b. Assumes the shape of the container

c. Defined volume

d. Flows (fluid)

e. Moderate internal order, molecules move more freely than solid

f. Molecules farther apart than solid

g. Still dense and resist compression

h. Moderate expansion with heat

3. Gas

a. No definite shape

b. Molecules minimally attracted with no inherent boundaries

c. Assumes the volume of its container

d. Large expansion with heat

e. Not dense and therefore easily compressed and expanded

f. No molecular order - molecular activity is free, random and rapid with frequent collisions
g. The difference between a gas and a vapor;  Vapor describes a substance that although in the gaseous state, is a liquid or solid at room temperature (steam is an example of a vapor)

C. Changes in Matter

1. All matter has certain physical and chemical properties and undergo physical and chemical changes.
2. These changes can either be physical in nature or chemical.
a. Physical Change: A change which does not alter the chemi​cal composition of a substance.  A new substance is never formed.

b. Chemical Change: A chemical change is the result of a chemical reaction which alters the composition of a substance.  The original sub​stance becomes transformed into one or more new substances with distinct different properties and composition.

3. Physical Changes

a. Melting Point: The temperature at which a solid changes to a liquid.

b. Freezing Point: The temperature at which a liquid changes to a solid.

c. Boiling Point: The temperature at which a liquid changes to a gas

d. Condensation: Change of state from a gas to a liquid.

e. Evaporation: The change in state of a substance from its liquid to its gaseous form occurring below its boiling point.

i. Vapor – Substance in the gaseous form that is normally a liquid at room temperature. (Water exists in both forms at the same time)
f. Sublimation: The change directly from the solid to the gaseous state without becoming a liquid.

i. Example: Dry Ice

g. First Law of Thermodynamics: Energy can never be created nor destroyed, only transformed in nature.

i. The transition from solid to liquid (and from liquid to gas) at the melting point (boiling point) is not instantaneous.  There is a time delay for the conversion from one state to another at the same temperature as additional heat is needed from the environment.

ii. This heat is needed to overcome the structured arrangement in a solid as it converts to a liquid (or in the liquid as it converts to a gas).

iii. Latent heat is also known as enthalpy.

(i) Latent Heat of Fusion: The heat required to change a substance from a solid (ice) to a liquid (water) or vice versa.

(ii) Latent Heat of Vaporization: The heat required to change a substance from a liquid (water) to a gas (steam) or vice versa. 

D. Measuring Matter

1. Matter can be described in many ways.
a. Mass is defined as the quantity of matter contained in an object.
i. The mass of an object will remain the same regardless of its position relative to the earth.
ii. Measured with a balance.
(i) Compared to a norm.
b. Weight is defined as the gravitational force pulling the body toward the center of the earth.
i. The weight of the same object will change according to the      nature of the gravitational field in which it is positioned.
ii. Measured with a scale.
c. Density: The amount of mass per unit volume (mass / volume).

i. How tightly packed are the molecules.

ii. Most substances contract when cooled (increase density when molecules move together and become a solid) 
iii. Most substances expand when heated (decrease density when molecules move apart and become a liquid or gas)
iv. Units of measure solid or liquid: g/mL or g/L

v. Units of measure for gas:  g/L

vi. Calculated by dividing the mass (usually in grams or milligrams) by the volume that mass occupies (Liter or milliliter for liquids or gases; cubic feet for solids).

vii. Specific Gravity: Comparison of one substances density against a standard such as water (1.0 g/L).
(i) Formula: 
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(ii) Allows comparison to a known value.

(iii) Urine Specific Gravity is used to help physicians diagnose renal disorders.

· Normal urine = 1.003 - 1.030

· Diabetes mellitus >/= 1.030 due to high glucose concentrations.

· Diabetes insipidus </= 1.003 due to large amounts of water excretion.             

d. Volume: = Space occupied by matter measured with a calibrated instrument (e.g., burette, pipette, cup, spoon)
e. Temperature:  Measurement of molecular activity. 

i. Determined by a thermometer
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