CHAPTER  VIII
                     STATES  OF  MATTER    

- Materials are composed of atoms

Around 100 different atoms responsible for the incredible variety of matter

Elements(composed of simple atoms

Compounds(composed of molecules

                        (molecules are combination of atoms) 

The same element or compound can be also in different aggregation state depending on the imposed macroscopic parameters (temperature, pressure)

Four basic aggregation states of matter:

1. Solid:  have their well defined shape
                volume cannot vary too much

2. Liquid; do not have their own shape  (take up the     

                  shape of the container)
                  volume cannot vary too much  
3. Gas;  do not have their own shape

              volume can also vary largely

4. Plasma;  like gases, 

                  but inside them the atoms brake down to  

                  their constituents ( nucleus and electrons

              (electrically charged particles)  

 The “solar system model” of atoms

  -Atoms composed by electrons, protons and neutrons

· protons (positively charged

· neutrons(same mass as protons, no charge

· electrons(negatively charged (the same 

                     (magnitude of the charge as protons) 

                    small mass (approx. 2000 times

                      smaller than protons)  

-protons + neutrons (nucleons) confined to a small place (nucleus), tight together by the strong interaction

-electrons orbiting the nucleus (like planets the Sun)

       
[image: image1.wmf]+

-

-

-

-

-

-

-

electrons

nucleon


-Plasma is a very high temperature gas, where due to the high velocity collision between atoms the atoms break up to nucleus and electrons

· Plasma is a gas of charged particles
Density of matter

A physical quantity which varies significantly depending on the aggregation state.

Density = mass /volume

                (units in SI: kg/m3
                 also used: g/cm3 )

                 1 g/cm3=1000 kg/m3                         

· characterizes how dense the material is

· does not depend on the size of the object, 

· depends on the structure and composition of the

object

· varies with temperature and pressure

· depends on the aggregation state of the material 

D(solid) > D(liquid)>D(gas)

(in solids molecules are closer, much more amount of atoms in the same volume)

· extreme values of density in the  universe

inside neutron stars (1014 g/cm3
water ( 1 g/cm3
biggest density on earth (osmium) (22.48 g/cm3
density of air (0.0013 g/cm3
lowest density solid (silica aerogel) (0.004 g/cm3
density of interstellar space ( 10-24 g/cm3
Understanding the states of matter

- to understand the existence of different aggregation states for the same element or compound, a new model for the structure of  materials is needed.
- ideal gas model good for gases( should be modified to describe other aggregation states.
introduce(interaction between atoms or molecules    

· at small distances repulsive forces (atoms cannot penetrate in each other)

· at larger distances attractive forces 
· the nature of the interaction forces( electrostatic

· At low temperature thermal agitation slow, and the 

   ordering effect of interactions is the dominant( big order  

   (solids)

· At intermediate temperatures thermal agitation and
the ordering effect are of the same importance ( intermediate order (liquids)

· At high temperature thermal agitation dominant over the ordering effect ( low order (gases)

· At very high temperatures due to the large thermal motions( high energy collisions between the atoms or molecules ( decompose in nucleons + electrons which behave similarly to a gas (plasma)

Solids

· crystals ( atoms placed in an ordered manner on a regular lattice (a big variety of shapes depending on the lattice symmetry) Ex.: salt, mica, sulfur etc..

· polycrystals ( a random mixture of small crystalin 
domains. Ex.: most of the metals and alloys

· polymers ( composed by long chains of carbon-

    hydrogen molecules. Ex.: plastics, rubber, bakelite 

· solid liquids or amorphous materials ( on the  

    borderline between solids and liquids, no internal 

    long-range order but well defined shapes. Fluid 

    properties on long time-scales. Ex.: glass

bonding types between atoms or molecules in solids

· ionic bonding  ( one atom gives an electron to the

    other one  ( very strong one!! Ex.: sodium 

· covalent bonding ( the atoms share some of their outer electrons (the outher electrons orbit both atoms), Ex.: diamond

· metallic bonding ( the atoms share electrons, but

these electrons can freely move in the lattice (
high electric conductivity, Ex.: all metals

· van der Waals bonding ( the bonding force is created by slight imbalances in the electric charge distribution within molecules. Ex.: dry ice (solid CO2)
Plasma 

· The most common state of matter in the Universe

(over 99% !!!)

all stars are in this state

    Transition from gas ( plasma state at very high 

    temperature  (6000 C0-100 000 C0) 

· plasma states on Earth:

                        -fluorescent lights and neon-type signs
                        -northern lights or aurora borealis 

                        -our “energetic dream”, the nuclear

                         fusion (burning of a plasma of 

                         hydrogen ions to create nuclear 

                         energy)

Gases    ( discussed in the previous chapter
Liquids ( next course! 

Home-work assignment:

203/1-6; 203/7-12; 207/1-4; 207/6-8;  

Competition between the random motion of molecules due to thermal agitation and the ordering effect due to interactions between atoms or molecules is responsible for the existence of different aggregation states
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