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HISTORICAL DEVELOP MENT OF T

Democritus (420 B.C.) "The only existing things are the atoms and
empty space.” AlL matter is composed of some kind of "ultimate
particle.

John Dalton (1766-1844) 1808 Note: 25-30 elements had been recognized.
Matter consists of individual atoms, Atoms are very small and
hard, like "billiard balls".

Geozge Stoney (1874) suggested the existence of an ultimate particle
of electricity.

7.7, Thomson (1856-1940) Nobel Prize in 1906, In 1887 he discoversd
the electron. The atom consists of positively and negatively
charged particles as a "plum pudding”. In 1897 he showed that
the carriensof negative electricity were individual isclated
electrons.

Erdst Rutherford (1871-1937) Noble Prize in 1308, Work done in 1909
by Geiger and Marsden showed that alpha particles were deflected
through large angles. In 1911 Rutherford recognized that such
scattering had to be caused by a positively charged central core
containing mest of the mass about which the electrons move, Atom
is mostly empty space. Credited with recognition that positively
charged particle exists, proton.

Niels Bobr (1885-1962) Nobel Prize in 1922, Ia 1913 he postulated
electrons travel in fixed paths about a central nucleus, like
a "solar system”, Electrons may move £rom one orbit to another
and gain or release energy. (The Bohr model of the atom is
sometimes called the Rutherford-Bohr model)

Robers Millikan (1868-1953) Nobel Prize in 1923, In 1909 he detarmined
the ratio of charge to mass of the electran.

James Chadwick (L891-1574) Nebel Prize in 1935. Studied under Rutherford
at Cambridge and Geiger in SBerlin. In 1923 he became assistant
director of research at Cavendish laboratory at Cambridge under
Rutherford. He continued experiments, Ia 1932, he discoversd
the neutron, which had been predicted by Rutherford.

fouis de Broglie (Prince de Broglie) (1892- ) Nobel Prize in 1923,
In 1924 he arrived at the idea that matter, just like lighe,
could benave either as a wava or as a corpuscle (parsicla).

Werner Heisenberg (1303-i75) Nobel Prize in 1932, Worked with Neils
ohr in Copenhagen 1924-1927. In 1926 he formulatad the
"Uncertainty Priaciple”, one can not determine simultanecusly
the position and the momentum (mass x velocity) of the electron.
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Thomson model

In the nineteenth century, Thomson described
the atom as a ball of positive charge containing
a number of electrons.

Nucleus

Orbit
Electron

Bohr model
After Rutherford’s discovery, Bohr proposed
that electrons travel in definite orbits around
the nucleus.
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Nucleus
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Rutherford model

In the early twentieth century, Rutherford
showed that most of an atom’s mass is
concentrated in a small, positively charged
region called the nucleus.

90% probability of finding the
electron within this space

Quantum mechanical model

Modern atomic theory describes the
electronic structure of the atom as the
probability of finding electrons within
certain regions of space.

Chapter 13, Section 1
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dinger (1887-1361) In 1326 he used de Broglie's ideas to
develop an equation that describes the electron in terms of wave
characteristics and to show that the electron may be pictured
as traveling at the speed of light in a large region around

the nucleus, but spends most of its time in certain high-
probability regions.

Henry Moseley (1887-1915) In 1910-1314 he worked in Rutherford's
laboratory with X-ray spectra, He discovered that the wavelength
emitted was characteristec of the metal used for the.ahode.

The wavelength depended on the number of protons in the atom
{atomic number).

Hunds Rule- electrons are distributed amoung the orbitals in a
subshell so that the maximm nurber of unpaired electrons with
parallel spins exists. Electrons do not pair unless they must.

Wolfgang Pauli (1900-1958) Nobel Prize in 1945. Exclusion Principle
in 1925, no two electrons in the same atom at the same time can
have exactly the same emergies.

Max X.E,L, Planck (1858-1947) Nobel Prize in 1918, Not oaly light,
* but all known radiations consist of tiny bundles of energy

called quanta.




3-2. 1

THE STRUCTURE OF THE ATOM (pg. 70)

1.  An atom can be defined as the…

    ●  All atoms consist of two regions…
a.  

b.  

3.  With in the nucleus there can be found two particles namely…

    ●

    ●
4.  The negatively charged area surrounding the nucleus has in it…

5.  Protons, neutrons, and electrons are often referred to as...

DISCOVERY OF THE ELECTRON (pg. 70)

1.  The first discovery of a subatomic particle resulted from 
     investigations into the relationship between...

2.  Glass tubes with a metal disk (Cathode) connected to the 
     negative terminal of the voltage source and another metal disk 
     (Anode) connected to the positive terminal of the voltage source 
     is called a...

3.  In a simple cathode ray tube particles pass through the tube 
     from the cathode to the...

3-2. 2

CATHODE RAYS AND ELECTRONS (pg. 70-71)

1.  Investigators noticed that when current was passed through a 
     cathode-ray tube a stream of particles flowed from the cathode 
     to the anode and called this a...

2.  The following observations were made...

     ●  An object placed between the cathode and the opposite end 
          of the tube...

     ●  A paddle wheel placed on rails between the electrodes...

     ●  Cathode rays were deflected by a...

     ●  The rays were deflected away from a...

3.  These observations led to the hypothesis that the particles that 
     compose cathode rays are...

4.  In 1897, Joseph John Thomson concluded that all cathode rays 
     are composed of identical...

CHARGE AND MASS OF THE ELECTRONS (pg. 71)

1.  Robert A. Millikan determined the mass of the...

2.  Millikan also concluded that electrons carry a negative charge 
     and that they are present in...

3.  Two other inferences were made about atomic structure...

     ●  Atoms are electrically neutral therefore they contain a...

     ●  Since electrons have much less mass than atoms do, atoms…
3-2.3

DISCOVERY OF THE ATOMIC NUCLEUS (pg. 72)

1.  More details of the atom's structure was provided in 1911 by…

     ●

     ●

     ●
2.  An ALPHA PARTICLE has a positive charge with about...

3.  Rutherford reasoned that each atom in the gold foil contained a 
     small, dense, positively charged nucleus surrounded by...

4.  Rutherford had discovered that the volume of the nucleus was 
     very small compared with the total volume of an...

5.  If the nucleus were the size of a marble, then the size of the 
     atom would be about the size of a...

COMPOSITION OF THE ATOMIC NUCLEUS (pg. 73)
1.  All atomic nuclei (except for hydrogen) are made of two kinds 
     of particles...

     ●  PROTON: 

     ●  NEUTRON: 

2.  Atoms are electrically neutral because they contain equal 
     numbers of...

3.  The actual mass of a proton is...

4.  The actual mass of a Neutron is...

5.  The actual mass of an Electron is...

6.  The number of protons in an atom’s nucleus determines...

FORCES IN THE NUCLEUS (pg. 73-74)

1.  Generally, particles with the same electric charge...

2.  However, when two protons are extremely close to each other, 
     there is a...

3.  NECLEAR FORCES are short range proton-neutron, proton-
     proton, and neutron-neutron forces that...

THE SIZE OF ATOMS (pg. 74)

1.  It is convenient to think of the region occupied by the electron 
     as an...

2.  Atomic radii range from about...

3.  The nuclei of atoms have much smaller radii, about...

4.  Nuclei densities are very high, about...

Name_________________________   Period_______   Date____________

3—2.4 L:THE RUTHERFORD LAB

MEASURING WHAT YOU CANNOT SEE

· INTORDUCTION

The keys to science are observation and measurement, which are often used together in experiments.  Experiments are carried out to test hypotheses that attempt to explain the world around us.  Also, experiments can lead to new hypotheses.  Chemistry experiments are often designed to gather information about what cannot be directly observed.  The purpose of this activity is to demonstrate how an experiment can provide information about something that cannot be seen.

· OBJECTIVES

1.  Record data for repeated trials of an experiment
2.  Determine the unknown size of an object with indirect measurement
3.  Calculate the difference between calculated and actual size of the object
· EQUIPMENT

●  7 spheres



●  masking tape

●  meter stick



●  micrometer

· PROCEDURE

1.  Use masking tape to make a line 60 cm long on the floor.  Mark 
     the tape at 5, 15, 25, 35, 45 and 55 cm.

2.  Place 6 spheres along the marked tape and 1 sphere at a spot 
     about 1 meter away form the center of the masking tape.  Mark 
     this spot with a small piece of masking tape.

3.  Without looking, one team member will randomly roll the single 
     sphere toward the line of spheres.  The other team member will 
     keep tallies if there is a hit or a miss and replace a hit sphere back 
     into position and return the bombarding sphere back to the other 
     team member for another trial.  Continue for 50 trials.  If the 
     bombarding sphere misses the entire masking tape field, the trial 
     is a no count and another trial is made.
4.  Rotate positions and repeat step 3.

5.  Record the number of trials and hits for your team  member in the  

     data table provided

6.  Using a micrometer, measure the diameter of a single sphere.  

     Your answer should have 2 decimal places and 3 significant 

     figures as you can measure to the line or half way in between ie. 

     1.60 cm or 1.65 cm.  Record the measured value in the data table.

· DATA TABLE
	# of Hits


	

	# of Misses


	

	Calculated Diameter (mm)


	

	Actual Diameter (mm)


	

	Class Diameter (mm)


	


· ANALYSIS
1.  Calculate the diameter, in millimeters (mm), of one of the spheres 

     to 3 significant figures using the following formula and record it in 

     the data table.
· Diameter  =             Field width (mm)  x  number of hits              .
                             (2  x  number of target spheres  x  number of trials)
· Diameter  =  
· CONCLUSIONS

1.  On what does the hit/miss ratio depend?

2.  What would happen to your data if the size of the spheres were 

     twice as large as the ones you used?

3.  What would happen to your data if the size of the spheres were 

     half as large as the ones you used?

4.  How does the number of trials affect the results?
5.  How close did your experimental calculated value come to the 

     class value?  In other words, calculate the percent error using the 

     following equation.
· % Error   =    Exp.  -  Class     x   100%

                                     Class
· % Error   =

3-3. 1

COUNTING ATOMS (pg. 75)

1.  Atoms are much too small to be measured...

2.  Chemists can analyze atoms quantitatively by knowing 
     fundamental properties of the...

3.  In this unit you will become familiar with the mole, a special 
     unit used by chemists to express amounts of particles, such as...

ATOMIC NUMBER (pg. 75)

1.  All atoms are composed of the same basic particles, yet...

2.  Atoms of different elements have different...

3.  The ATOMIC NUMBER (Z) of an element is the number of...

4.  Notice, that the elements in the periodic table are placed in 
     order of...

5.  Which element has an atomic number of 47?...

6.  Ag has how many protons?...

7.  Atoms are neutral. We know from the atomic number of Ag 
     that there must be                      electrons.

3-3. 2
ISOTOPES (pg. 75-76)

1.  The simplest atoms are those of...

2.  Three types of hydrogen atoms are known...

     ●  PROTIUM: 

     ●  DEUTERIUM: 

     ●  TRITIUM: 

3.  Protium, deuterium, and tritium are...

4.  ISOTOPES are atoms of the same element that have...

5.  The nuclei of different isotopes of the same element have the 
     same number of...

MASS NUMBER (pg. 76)

1.  Identifying an isotope requires knowing both the name or 
     atomic number of the element and the...

2.  The MASS NUMBER is the total number of...

3-3. 3

DESIGNATIING ISOTOPES (pg. 77)

1.  Isotopes are usually identified by specifying their...

2.  There are two methods for specifying isotopes...

     ●  HYPHEN NOTATION: 

     ●  GIVE AN EXAMPLE...

     ●  NUCLEAR SYMBOL: 

     ●  GIVE AN EXAMPLE:           

3.  Thus, a uranium-235 nucleus contains _____________ protons, 
     and ______________ neutrons 

4.  A NUCLIDE is a general term used for...

PRACTICE (pg. 78)

1.  How many protons, electrons, and neutrons are in an atom of 
     bromine-80?

2.  Write the nuclear symbol for carbon-13.

3.  Write the hyphen notation for the element that contains 15 
     electrons and 15 neutrons.

Name_________________________   Period_______   Date____________

ISOTOPE NOTATION

1.  An atom of gold (Au)  has 79 protons and 118 neutrons and 76 electrons.  

     Write the nuclear symbol and hyphen notation for this atom.

     ●  Nuclear Symbol


● Hyphen Notation

                                                                207

2.  A lead atom has the atomic symbol       Pb.  How many neutrons does this 

     atom have in its nucleus?  ______      82

3.  How many electrons are present in an atom and atomic number of 13 and 

     a mass number of 27?  __________

4.  What is the mass number of an atom that has 29 electrons, 29 protons and 

     35 neutrons?  __________

5.  An atom of neon (Ne) gas has 10 electrons and a mass number of 21.  

     Write the atomic symbol and the hyphen notation for this atom

     ●  Nuclear Symbol



●  Hyphen Notation

6.  Complete the following table

	Hyphen Notation
	Nuclear Symbol
	Atomic Number
	Mass

Number
	Protons
	Neutrons
	Electrons

	Carbon—14 
	
	
	
	
	
	

	
	  4  +2

He

    2
	
	
	
	
	

	
	
	55


	
	
	79


	

	
	
	
	35


	17


	
	18



	
	
	
	
	
	45


	35




3-3. 4

RELATIVE ATOMIC MASSES (pg. 78-79)

1.  The standard used by scientists to govern units of atomic mass 
     is the...

2.  The carbon-12 nuclide has been arbitrarily assigned a mass of… 

3.  One ATOMIC MASS UNIT, or 1 amu, is exactly...

4.  The atomic mass of any nuclide is determined by comparing it 
     with the mass of the...

5.  Although isotopes have different masses they do not...

AVERAGE ATOMIC MASSES OF ELEMENTS (pg. 79)

1.  If you wanted to calculate a weighted average of two sized 
     marbles of which 25% had masses of 2.00 g and 75% having a 
     mass of 3.00 g multiply the mass of each marble by the decimal 
     fraction representing its percentage in the mixture. Then...

     ●
CALCULATING AVERAGE ATOMIC MASS (pg. 80)

1.  The average atomic mass on naturally occurring copper consists 
     of 69.17% copper-63 which is 62.929598 amu and 30.83% 
     copper-65, which is 64.927793 amu can be calculated by 
     multiplying the atomic mass of each isotope by its relative 
     abundance (expressed in decimal form) and adding the results

     ●
Name_________________________   Period_______   Date____________

3—3.5 L: Relative Atomic Weight of Magnesium
●  Purpose: To determine the atomic weight of Magnesium relative to 

                     oxygen which has an assigned mass of 15.9994 g.
●  Data:
1.  Mass of empty crucible  +  lid:

______________

______________

______________


2.  Mass of crucible  +  lid  +  Mg:______________

3.  Mass of crucible  +  lid  +  Product (MgO):

______________

______________

______________



4.  Theoretical atomic weight of Mg:______________

●  Observations:


Magnesium


While Heating


Product
●  Calculations:

    1.  Mass of Mg used.




2.  Mass of MgO formed.

    2.  Mass of O2 combined



4.  Experimental mass

         with Mg





     ratio of Mg to O

    5.  Calculate the relative mass of Magnesium given that Oxygen is 
         assigned a mass of 15.9994 g.

    6.  Calculate your percent error.
●  Conclusions:
3-3. 6
REVIEWING CONCEPTS
1.  Define atomic number (Z):

2.  Define isotope:

3.  Define mass number:

4.  Define nuclide:

5.  Define atomic mass number (amu):

6.  Define average atomic mass:

7a. What nuclide is used as the standard in the relative scale for 

      atomic masses?             

      b.  What is its assigned atomic mass?            

8.  Complete the following table:

	Hyphen Notation
	Nuclear Symbol
	Atomic Number
	Mass

Number
	Protons
	Neutrons
	Electrons

	Carbon—12 
	
	
	
	
	
	

	
	   40  

K

   19
	
	
	
	
	

	
	
	
	
	
	20


	17



	
	
	
	
	37


	53

	


9.  If element  X  has three isotopes, find the average atomic mass if 
       the isotopes are distributed as follows

	Isotope
	Atomic Mass

 (amu)
	Percent Abundance

( % )

	X—24
	23.98504
	78.70

	X—25
	24.98584
	10.13

	X—26
	25.98259
	11.17


10.  If element  Y  has two isotopes, find the average atomic mass if the 
       isotopes are distributed as follows

	Isotope
	Atomic Mass

 (amu)
	Percent Abundance

( % )

	Y—10
	10.0129
	19.78

	Y—11
	11.00931
	80.22


PROBLEMS (pg. 87)

                                                                        36      38            40 

19.  Three isotopes of argon occur naturally-18 Ar, 18 Ar, & 18 Ar  
       Calculate the average atomic mass of argon to two decimal places,  
       given the following relative atomic masses and abundance’s of  

       each of the isotopes: argon-36 (35.97 amu: 0.337%), argon-38 
       (37.96 amu; 0.063%), and argon-40 (39.96 amu; 99.600%).

20.  Naturally occurring boron is 80.20% boron-11 (atomic mass = 
       11.01 amu) and 19.80% of some other isotopic form of boron.
       What must the atomic mass of this second isotope be in order 
       to account for the 10.81 amu average atomic mass of boron? 
       (Write the answer to two decimal places.)

