
States of  Matter 

BIG IDEA: __________-____________ theory 
explains the different properties of  solids, 
liquids, & gases. 

 

•  What does “kinetic-molecular” mean to 
you? 



Gases: Kinetic Molecular Theory 
! Kinetic Molecular Theory 

! Describes the _________ of  matter in terms of  
motion and helps explain the __________ of  gases. 

! Three characteristics determine gaseous 
properties 

! __________ _________: Gases consist of  particles 
whose _____________ is __________compared to 
volume of  empty space. 

! Do not experience __________ or ___________ 
forces. 



Gases: Kinetic Molecular Theory 
! Kinetic Molecular Theory 

! Three characteristics 
determine gaseous properties 

!  _________ _________: Gases 
move in __________ random 
motion and their collisions 
are ___________ (do not 
lose ___________). 

! Kinetic energy is 
_____________ between 
colliding particles. 

!  ___________ kinetic 
energy does not change. 



Gases: Kinetic Molecular Theory 
! Kinetic Molecular Theory 

! Three characteristics determine gaseous 
properties 

! __________ ___________:  Average kinetic 
energy of  a gas is _______________ to the 
temperature. 

! As the temperature ____________, the 
velocity and energy of  the particles 
_______________. 



Gases: Kinetic Molecular Theory 
!  ________________:  measure of  the 

average kinetic energy of  the particles in a sample 
of  matter.  



Gases: Kinetic Molecular Theory 
!  Average kinetic energy of  particles directly related 

to temperature. 

!  Increase in kinetic energy causes temperature to 
___________. 

!  Substance cools = particles move more 
__________ and kinetic energy _____________.  
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Gases: Explaining the 
Behavior of  Gases 

!  Kinetic molecular theory of  gases helps explain the 
behavior of  gases. 
!  ________ density 

!  Remember: Density = 

!  Density of  gases            density of  liquids and solids. 

!  _____________ & ______________ 
!  Changes ____________ but keeps _______ of  particles 

constant. 
!  ie~ 



Gases: Explaining the 
Behavior of  Gases 

!  Kinetic molecular theory of  gases 
helps explain the behavior of  
gases. 
!  ____________ & ________________ 

!  _____________: the movement of  
one material through another 
material.  

!  Particles move from area of  
_______ concentration to 
________ concentration. 

!  Ie~ 

!  ______________: Movement of  a 
_______ through a tiny _________. 



Gases: Explaining the 
Behavior of  Gases 

!  Kinetic molecular theory of  gases 
helps explain the behavior of  gases. 
!  Diffusion & effusion 

!  Effusion: Movement of  a gas 
through a tiny hole. 
!  Graham’s Law of  Effusion 
!  __________ relationship between 

___________ of  effusion and 
__________ ____________. 

!  Rank the following four gases 
from slowest to fastest effusion 
rate. 

  CO,  CO2,  He,  Xe 

________ <  ________ <________ <________  

slowest    fastest 



Gases: Gas Pressure 
!  Pressure – _______ per unit ______. 

!  Gas particles exert pressure when 
they _________ with the ________ of  
their container. 

!  Many particles colliding = 
_______ pressure. 

!  Air pressure is the force of  the 
_______ __________ colliding.  

!  At higher elevations, there are 
_________ air particles because 
the force of  __________ is less. 

!  There is ________ air pressure.  

!  _______________ 

!  Used to measure air pressure 



Gases: Gas Pressure 
!  Pressure – force per unit area. 

!  Units of  Pressure 
!  SI unit of  pressure = ___________ (Pa) 

!  Can also be reported as millimeters of  ___________ (mm 
Hg) or as ________________ (atm) 

!  Standard air pressure 
!  ___________ atm = ___________ kPa = ___________ mmHg 



Gases: Gas Pressure 
!  Practice Calculating Air Pressure 

!  1.00 atm = 101.325 kPa = 760. mmHg 
!  What pressure, in kilopascals and atmosphere does a 

gas exert at 385 mm Hg?  

!  During Hurricane Katrina the air pressure in the eye was 
found to be 26.85 inches of  Hg.  How many atm is 26.85 
inches of  Hg (25.4 mm  =  1 inch)? 



Gases: Dalton’s Law of  
Partial Pressures 

!  Each gas in a mixture exerts pressure 
independently of  the other gases. 

!  The total pressure of  the mixture of  gases is equal 
to the sum of  the individual pressures of  each gas. 
!  The partial pressure is the portion of  the total 

pressure contributed by a single gas. 
!  Ptotal = P1 + P2 + P3 + ….. 



Dalton’s Law of  Partial 
Pressures 

!  A mixture of  oxygen gas (O2), carbon dioxide (CO2), 
and nitrogen gas (N2) has a total pressure of  0.97 
atm. What is the partial pressure of  O2 if  the 
partial pressure of  CO2 is 0.70 atm and N2 is 0.12 
atm? 

 

 

!  Ptotal =  



Forces of  Attraction 
!  MAIN IDEA: _______________ __________ determine 

a substance’s __________ at a given temperature. 

!  ____________ forces are _________ forces that happen 
in all molecules. 

!  ____________ - ______________ forces are attractions 
between ____________ charged regions of  
____________ molecules. 

!  ___________ ___________ 
!  ____________ intermolecular force 



Liquids & Solids 
!  MAIN IDEA: The particles in solids and liquids have 

a _____________ range of  motion and are not easily 
____________.  

!  Why is it more difficult to pour syrup that is stored in 
the refrigerator than in the cabinet? 



Properties of  Liquids 
! _____________ 

! _________ is anything 
that can flow or 
diffuse. 

! ________ AND 
_________ are fluids. 

! ___________ diffuse more 
slowly than _________ 
because intermolecular 
attractions are 
___________. 

!  ie~ 



Properties of  Liquids 
!  ____________ 

!  Measure of  the _______________ of  liquid to flow. 

!  _____________ ____________ slow their movement of  particles past one another 

!  Factors that affect viscosity: 

!  ___________ _____________ 

!  Stronger intermolecular forces = ____________ viscosity. 

!  ___________ __________ and __________. 

!  Larger molecules have ______________ viscosity and move more ___________. 

!  _______________ 

!  Viscosity _____________ with temperature. 

!  Higher temperature = increase in ___________ ____________.. 



Properties of  Liquids 
!  ___________ ___________ 

!  Extra attraction between molecules at the 
____________ of  a ___________. 
!  Stronger attractions between particles = ____________ 

surface tension. 



Properties of  Liquids 
!  Cohesion & Adhesion 

!  ____________ 

!  Attraction between a 
molecule and __________ 

!  “_______” particles 

!  ____________ 

!  Attraction of  a molecule for 
the molecules in its 
____________. 

!  __________particles 

!  ____________ ____________ 

!  ________ of  cohesion and 
adhesion working 
__________. 



Properties of  Solids 
!  Why do solids have a definite shape and volume? 

!  ____________ __________ forces between particles limit the 
__________ of  the the particles to ____________ locations.  
!  Results in more __________in a solid; no ____________.  

!  Particles still are in constant ___________. 

!  Two main types of  solids: _________ and ______________. 
!  Crystalline solids are solids whose particles are arranged 

in an ___________, _____________pattern (__________ 
___________). 
!  Smallest repeating unit in a crystal lattice is called the unit 

cell. 
!  ie~ 

 



Properties of   
Crystalline Solids 

!  Crystalline solids can be classified into _________ 
categories: 
!  _____________ Solids 

!  Molecules are held together by _________________ forces. 

!  Most are ______ __________ at room temperature. 

!  _________ conductors of  ________ and ________________. 

!  _____________ _____________ Solids 
!  Composed of  atoms that can form __________ covalent 

bonds. 
!  ie~ 



Properties of   
Crystalline Solids 

!  Crystalline solids can be classified into four 
categories: 
!  __________ Solids 

!  _______ are surrounded by ions of  ____________ charge. 

!  _________ melting points and __________. 

!  ___________ but brittle. 

!  ______________ Solids 
!  Consist of  _____________ metal ions surrounded by a 

_________ of  mobile electrons. 

!  ___________ conductors of  heat and electricity. 



Properties of   
Amorphous Solids 

!  Two main types of  solids: 
crystalline and amorphous. 
!  Amorphous Solids 

!  Amorphous = _________ 
_______. 

!  Solid whose particles are 
_______ arranged in an 
orderly, geometric pattern. 

!  Does not contain 
__________. 

!  ie~  



Summary of  Solids vs 
Liquids vs Gases 



Phase Changes 
! MAIN IDEA: Matter changes when 

___________ is added or removed.  

! Most substances exist in _________ states 
depending on temperature and pressure. 

! Referred to as _________ changes. 

! How many phases can be observed in a 
glass of  ice water? 

! A: 



Phase Changes 
!  One phase can change to another when energy is 

added or removed from a system. 

 



Phase Changes that 
REQUIRE Energy 

!  Melting 
!  Amount of  ___________ required to melt a solid 

depends on the ___________ of  the forces keeping the 
particles together. 

!  Melting point of  a solid is the _____________ at which 
the forces holding its crystal lattice together are 
___________ and it becomes a __________. 

!  Heat is the ____________ of  _____________ from an 
object at higher temperature to an object of  lower 
temperature. 



Phase Changes that 
REQUIRE Energy 

!  Vaporization 
!  Vaporization is the process 

by which a ___________ 
changes to a ________ or 
_________. 

!  Gas phase for substances 
that are normally _______ 
at _______ temperature is 
called ________. 

!  Vaporization at the surface 
of  a liquid = 
_______________. 



Phase Changes that 
REQUIRE Energy 

!  Boiling 
!  Boiling point is the 

temperature at which 
molecules have enough 
________ to 
____________. 

!  Sublimation 
!  Process by which a 

__________ changes directly 
to a _________ without first 
becoming a ___________. 

!  What are some examples 
of  sublimation? 

!  A: 



Phase Changes that 
REQUIRE Energy 

!  What do melting, vaporization, boiling, and 
sublimation have in common? 

!  These phase changes ___________ ____________. 

!  _______________ reactions. 



Phase Changes that 
RELEASE Energy 

!  Freezing 
!  Heat is _____________ as substances change from liquid to 

solid form. 

!  Condensation 
!  The process by which a _____ or ________ becomes 

________. 
!  Reverse of  _______________. 

!  Deposition 
!  Substance changes from a ____ or _________ to a _______ 

without first becoming a __________. 
!  Reverse of  _____________. 

!  ie~ 



Phase Changes that 
RELEASE Energy 

!  What do freezing, condensation, and deposition 
have in common? 
!  These phase changes _____________ ___________. 

!  _____________ reactions. 

!  Molecules _________ kinetic energy, ____________ 
velocity, and _________ ____________ attractive 
forces. 



Heating Curve 
!  Heating curves show how 

the temperature changes 
as a substance is heated 
up 
!  Describes the changes in 

_______ that take place 
during ________ changes. 

!  Plateaus = 
____________ _________ 

!  Temperature of  a 
substance remains 
_________ during a 
change in state. 



Interpreting Heating Curves 
!  Heating curves show how 

the temperature changes as 
a substance is heated up. 
!  At what temperature does 

water melt?  _____°C     At 
what temperature does 
water freeze?  _____°C 

!  At what temperature does 
water boil?  _____°C     At 
what temperature does 
water condense?  _____°C 

!  What is the significance of  
the horizontal portions of  
the graph?   



Phase Diagrams 
!  Way to represent phases of  substances. 

!  Two variables control the phase of  a substance. 
!  __________ and ____________ 

!  Have ____________ effects on a substance 

!  ie~ Temp increases = liquid to ________ (______________) 

  Pressure increase = vapor to _______ (_____________) 



Phase Diagrams 
!  Phase Diagrams 

!  Graphs of  ____________ vs 
_______________ that show 
at which phase a substance 
exists under different 
conditions of  temperature 
and pressure. 



Phase Diagrams 
!  Phase Diagrams 

!  _______ phases coexist at 
points along each ________. 

!  Yellow =  

!  Blue  

!  Red = 



Phase Diagrams 
!  Phase Diagrams 

!  ___________ point is the 
point on a phase diagram 
that represents the 
temperature and pressure 
at which __________ phases 
of  a substance can 
__________ . (POINT “A”) 

!  All _________ phase 
changes can occur at the 
triple point. 



Phase Diagrams 
!  Phase Diagrams 

!  Triple point is the point on 
a phase diagram that 
represents the temperature 
and pressure at which three 
phases of  a substance can 
coexist. (POINT “A”) 

!  All six phase changes 
can occur at the triple 
point. 



Phase Diagrams 
!  Phase Diagrams 

!  _____________ point 
indicates the critical 
pressure and temperature 
above which _________ 
cannot exist as a 
__________. (POINT “B”) 


