Chapter VII.

                STRUCTURE OF MATTER

· can division of a piece of matter be done indefinitely?

· are there some elementary (indivisible) building blocks of the materials? ( existence of atoms?

             Demokritos ( in favor of atoms

             Aristotle (  the continuos nature of matter   

· scientific evidence of atoms ( the last 300 years

                               -development of mechanics

                               -alchemy, chemistry

                               -law of gases, Brownian motion

                               -direct observation nowadays                              

· the main challenge:

                     

· macroscopic properties ( size, mass, volume, temperature, pressure (all what we can directly measure with our devices)

· microscopic model ( the way we imagine the elementary building blocks to be and behave
(example: gas made up of atoms like tinny spheres

moving with high speed and colliding with each other) sometimes model is an analogy!
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Evidence of atoms

-early chemistry
       -  alchemy( no continuos transformations  

          between elements! (making gold was not possible!)

          experiments like: heating, dissolving in water, 

          stirring, blending, grinding etc…

       -  17th century( the existence of the four 

         Aristotelian elements was in doubt!

              -concept of elements (simplest or most 

               elementary substances, it cannot be broken 

               down into simpler substances)

              -concept of compounds (made up of simple 

               elements, there are complex substances)
        - 1780 Antoine Lavoisier( tentative list of 

              elements (many mistakes) 

        - 1800 ( law of definite proportions


  for gases(combine in definite volume ratios 

  when temperature and pressure is the same

       - cannot be explained by the Aristotelian model

       - can be understand only by the concept of atoms       

         and molecules ( the atoms of one element can 

         combine with atoms of another element to form 

         molecules of the compound

-early physics

-the Brownian motion (1827) ( motion of pollen  

 grains mixed in water, motion never ceases (explained by the collision between water molecules and pollen grains)

   -law of gases( supporting the idea of tinny 

     spherical particles moving with high speed and 

     colliding with each other and the container

   -X ray diffraction on solids( evidence of small 

    sphere like particles regularly placed in space 

- modern physics( direct evidence
                  -electron microscope

                  -atomic force microscope

                  -tunneling microscopes

Masses and sizes of atoms

     -relative mass of atoms (dimensionless, atomic mass units "au") (mass relative to the H atom)

         determined by chemists, once the number of 

         atoms in some molecule was known

              H atom (the lightest element) (1
              all atoms of other elements(almost integers

              C(12.01), O(16), Na(22.99), Al(26.98) etc…
     -absolute mass  (kg)

         determined after knowing the Avogadro rule, 

         and Avogadro's number    

Avogadro rule:


one mole of substance(if the relative mass of the molecule is some number of au, a mole of the substance has the same number of grams.

Example: one mole of carbon=12 g of carbon
We can calculate now the size of the atomic mass unit in kilograms.

1 au( 
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size of the atoms

· by X ray experiments

· by using the Avogadro number and the density of solid elements
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 (one ten-billionth of a meter)

Home-work assignments

180/2-6; 180/9-19; 181/22; 182/1-4; 183/7-10

183/13;  183/16;

To understand and predict the macroscopic properties of matter making a microscopic model for its constituents





Rather than containing some arbitrary mixture of the two elements, the compound had a very definite ratio of their masses





A mole of any substance contains the same number of molecules, namely 6.02x1023 molecules. This number is known as Avogadro's number.
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