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Atomic Theory and Structure Study Guide

Introduction


In this unit we will examine the modern theory of atomic structure. Our lessons will provide the foundation for exploring chemistry more deeply in future units.

Chm.1.1 Analyze the structure of atoms and ions. 
Chm.1.1.1 Analyze the structure of atoms, isotopes, and ions. 

 Students should be able to:

1. Describe the composition of the atom and the experiments that led to that knowledge
2. Describe how Rutherford predicted the nucleus
3. Characterize the protons, neutrons, electrons: location, relative charge, relative mass (p=1, n=1, e=1/2000).
4. Use symbols: A= mass number, Z=atomic number
5. Use notation for writing isotope symbols:
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 or U-235
6. Identify isotope using mass number and atomic number and relate to number of protons, neutrons and electrons
7. Have a conceptual awareness of the nature of average atomic mass (Relative abundance of each isotope determines the average)
8. Calculate average atomic masses for elements.
Assignment 1: The Atomic Theory of Matter  
 (Read Sec 2.1 Brown and Lemay or Chang.   Answer the following questions as you read.)

1. Describe the atomic theory proposed by Democritus. 

2. Describe the atomic theory proposed by Aristotle and Plato.

3. Whose idea of the nature of matter was accepted until the 1700’s?

4. On what were the theories of Democritus, Aristotle, and Plato based?

5. In 1808, John Dalton  based his hypotheses about the nature of matter  on scientific work that emerged in Europe in the 1800’s as scientists tried to explain the properties of gases.

a. Joseph Proust published  the Law of Definite Proportions:
b. Antoine Lavoisier determined the Law of Conservation of  Mass:

c. Dalton’s Atomic Theory summarizes beliefs about elements, compounds, and chemical reactions. Summarize his beliefs on each topic in the table below.

	Elements and Atoms
	

	Compounds


	

	Chemical Reactions


	


6. Using Dalton’s theory, explain:
a. the law of definite proportions (constant composition)
b. the law of conservation of mass
c. When the magnesium foil within a flashbulb burns, the flashbulb undergoes no change in mass. When a sample of magnesium ribbon burns in open air, the sample gains mass. What is the difference between these two experiments?  Does the second observation violate the Law of Conservation of Mass?  Explain.
7. Using the atomic theory, explain the difference in the following statements:
a. Nitrogen dioxide is a compound of nitrogen and oxygen.
b. Air is a mixture of nitrogen and oxygen.

Assignment 2: Law of Conservation of Mass Problems

1.
2 KClO3  (  2 KCl +  3 O2

If  500. g of KClO3 decomposes to produce 303 g of KCl, how many grams of O2
are produced?  


2.
N2  +  3 H2  (  2NH3

How many grams of H2 are needed to react with 100. g N2 to produce 121g of NH3 ?

3.
4 Fe  +  3 O2  (  2 Fe2O3

How many grams of oxygen are needed to react with 350.g of iron to produce 500. g of Fe2O3 ?

4.
CH4  +  2 O2  (  CO2  +  2 H2O  


16 g of CH4 react with 64 g of O2 producing 44 g of CO2.  How many grams of water are produced?

5.
CaCO3  (  CaO  +  CO2


How much CO2 is produced from the decomposition of 200.g of CaCO3 if 112 g of CaO are produced?

Assignment 3: Law of Definite Proportions

1. Water, H2O, has a mass ratio of oxygen to hydrogen of 8:1.  Hydrogen peroxide, H2O2, has a mass ration of oxygen to hydrogen of ________________________.

2. If 3 grams of element C combine with 8 grams of element D to form compound CD, ________ grams of D are needed to form compound CD2.
3. If 2 grams of element A combine with 10 grams of element B, then 12 grams of A will combine with ___________________ grams of B.
4. An example of the law of ___________________________________ is the fact that the mass ratio of two elements in a compound is constant.
5. Calculate the ratio gCl/gP in PCl3. (Round atomic weights to 1 decimal place.  (Give answer to 2 decimal places.)
6. Consider the following data:

Compound
Mass of hydrogen
Mass of oxygen
g O/g H  

      A

     0.50 g

     4.00 g
             
______                                                                     

                   B      
     0.15 g
    
     2.40 g

______


Are A and B the same compound?  Why or why not?
7. Consider the following data:

Compound
Mass of nitrogen
Mass of oxygen
g N/g 0  

      A

     0.260

     0.595                     
______                                                                     

                   B      
     0.204 g
    
     0.117 g

______


Are A and B the same compound?  Why or why not?

8. Consider the following data:

Compound
Mass of Phosphorus 
Mass of oxygen
g P/g 0  

      A

     0.845 g

     0.655 g                   
______                                                                     

                   B      
     1.09 g
    
     1.41 g

______


        C

      6.85

     5.29


______


What must be true about compounds A and B? ______________________________


What must be true about compounds A and C? ______________________________ 
Assignment 4:   The Discovery of Atomic Structure  
(Read Brown and LeMay or Chang Sec.2.1)
1. How did Dalton view the atom?
2. Describe the behavior of charged particles with one another:

3. Discovery of the Electron
a. What is a cathode ray tube?

b. An electrode is a piece of metal connected to a high voltage sourse.  The cathode is the ______________ electrode, and the anode is the _____________electrode.
c. A cathode ray is a stream of _________________ that travel from the _________ to the _____________ .  Although the cathode rays themselves could not be seen they cause certain materials, including glass to ___________________, or ___________________________________.
d. Cathode rays travel in a straight line unless they were subjected to magnetic or electrical field.  Experiment showed that the cathode rays were deflected by a _____________________ field and were deflected _________________  a negatively charged object or electrical plate.

e. These observations and other experiments led J. J. Thomson, a British scientist, to conclude the following:

1) Cathode rays are _____________________ charged particles

2) The ___________ to ____________ ratio of the particles

3) This ratio was ________________ regardless of the metal used for the electrodes or the nature of the gas in the tube.
4) All cathode rays are composed of ____________ negatively charged particles which were later named ________________.
f. Draw and label Figure 2.4 in Brown and LeMay or Figure 2.2 in Chang.
4. The charge of an Electron
a. Robert Millikan conducted a famous experiment called the Oil Drop Experiment


The expermiment

1) electrons stuck to the oil drops and caused them to have an electrical charge

2) gravity caused the oil droplets to fall

3) a positively  charged top plate and a negatively charged bottom plate could counteract gravity

4) different numbers of electrons stuck to each droplet

5) the least common multiple of the charge on the drops was the charge of a single electron

6) The mass of a single electron =  charge of single electron

charge/mass ratio
b. His experiments:
1) confirmed that electrons are negatively charged
2) calculated the quantity of charge on the electron

3) the mass of a single electron =  charge of single electron

         charge/mass ratio

4) allowed the mass of the electron to be calculated

c. In the oil drop experiment :

1) oil drops were exposed to electrons

2) an electric field was used to “control” the electrons

3) the charge on each oil drop was calculated

4) the least common multiple of the charge is the charge of one electron

h.
Draw and label Figure 2.5 in Brown and LeMay or Figure 4.3 in Merrill Chemistry.
5. Discovery of the Nucleus and Nuclear Particle
a. Describe the model of the atom proposed by Thomson. What name did he give this model?
b. Draw and label Figure 2.9 in Brown and LeMay or Figure 2.5 in Chang.
c. Ernest Rutherford, Hans Geiger, and Ernest Marsden conducted a famous experiment known as the Gold Foil Experiment.
d. The Experiment
1) ________________ particles were used to bombard thin gold foil

2) These particles have a ___________ charge and a mass of four and are actually a helium nucleus.

e. Expected Results
1) If mass and charge were uniformly disturbed throughout the atoms of the foil as suggested by Thomson, the alpha particles should pass straight through the foil with little deflection
f. Actual Results
1) Most particles passes through the foil undeflected

2) Some particles were deflected through wide angles

3) A few bounced back from the foil
g. Explanation of the Results
1) Atoms are mostly _______________________

2) The mass and positive charge are concentrated in a very small space that we call the _________________________

3) Electrons must surround the nucleus like the sun orbits the __________________

4) This model of the atom was called the ________________________ model.
h. Draw and label Figures 2.10 and 2.11 in Brown and LeMay or Figure 2.6 in Chang
6. Discovery of the Proton
Protons were discovered using a modified cathode ray tube.  
a. cathode had holes in it

b. tube was filled with hydrogen , then various gases

c. cathode is closer to the anode

d. positively charged rays passed through the cathode

e. these rays consisted of particles with the same quantity of charge as an electron

f. the charge was positive in nature

g. the particles were called protons. The rays were called canal rays
Draw and label Figure 4.4 p.82, Merrill Chemistry.
7. Discovery of the neutron
The third subatomic particle was predicted because the mass of an atom of helium could not be explained by the number of protons and electrons.
a. James Chadwick bombarded a thin sheet of beryllium with alpha particles.

b. high energy radiation was emitted by the metal
c. these rays consisted of electrically neutral particles with no electrical charge and slightly greater mass than a proton
d. Chadwick named these particles neutrons.

Assignment 5: Isotopes, Atomic Numbers and Mass Numbers

(Sec. 2.3 Brown and LeMay or Chang)  
1. Comparison of subatomic particles

	Particle
	Charge
	Mass, amu

	Proton
	Positive (+1)
	1.0073

	Neutron
	None (neutral)
	1.0087

	Electron
	Negative (-1)
	0.0005486


2. What makes an atom of one element different from an atom of another element?
3. All atoms of the same element have the same number of _____________________.
4. Since atoms are electrically neutral the number of ____________________ must equal the number of __________________________.
5. Atomic number (Z) =
6. Mass Number (A) =
7. Define isotopes.
8. Define ion.
Fill in the gaps in the tables below

	Symbol
	20 F
	73 As
	
	
	

	Protons
	
	
	56
	
	

	Neutrons
	
	
	83
	69
	

	Electrons
	
	
	
	51
	78

	Mass no.
	
	
	
	
	196

	Dash Notation
	Fluorine - 20
	
	
	
	


	Symbol
	31 P
	
	
	
	

	Protons
	
	26
	
	
	80

	Neutrons
	
	30
	
	
	

	Electrons
	
	
	
	53
	

	Atomic no.
	
	
	50
	
	

	Mass no.
	
	
	119
	127
	201

	Dash Notation
	
	
	
	
	


Assignment 5: Atomic Structure Practice
On another sheet of paper or in your composition notebooks (depending on your teacher) complete numbers 2:11- 2.20 (2.14, omit d) 
Assignment 6: Ionic Structure

Ions – a former atom that has lost or gained electrons to become charged. 


*When electrons are _______ the charge is positive
Example:    

	
	Atom
	Ion

	Symbol
	22Na
	22Na1+

	Protons
	11
	11

	Neutrons
	10
	10

	Electrons
	
	

	Mass No.
	22
	22

	Atomic No.
	11
	11

	Electric Charge
	
	


Notice the difference between the number of protons and electrons…
*When electrons are __________ the charge is negative
Example:    

	
	Atom
	Ion

	Symbol
	81Br
	81Br1-

	Protons
	35
	35

	Neutrons
	46
	46

	Electrons
	
	

	Mass No.
	81
	81

	Atomic No.
	35
	35

	Electric Charge
	
	


Notice here, just like in the previous example, the number of protons in the atom and Ion does not change!

Assignment 7: Ionic Structure Practice
Fill in the blanks on the tables below. 
1. Ions

	Symbol
	32 P3-
	
	
	
	200Hg2+

	Protons
	
	26
	
	53
	

	Neutrons
	
	31
	
	
	

	Electrons
	
	
	
	54
	

	Atomic no.
	
	
	50
	
	

	Mass no.
	
	
	118
	127
	

	Net Charge
	
	3+
	2+
	
	


2. Ions

	Symbol
	37 Cl1-
	88 Sr2+
	
	
	

	Protons
	
	
	21
	28
	

	Neutrons
	
	
	23
	31
	16

	Electrons
	
	
	
	26
	18

	Mass no.
	
	
	
	
	

	Net Charge
	
	
	3+
	
	3-


3. Ions

	Symbol
	17 O2-
	52 Cr3+
	
	
	

	Protons
	
	
	38
	34
	

	Neutrons
	
	
	50
	45
	74

	Electrons
	
	
	
	36
	54

	Atomic no.
	
	
	
	
	

	Mass no.
	
	
	
	
	

	Net Charge
	
	
	2+
	
	1-


4. Ions

	Symbol
	
	40 K1+
	
	
	17 F1-

	Protons
	33
	
	
	
	

	Neutrons
	76
	
	
	
	

	Electrons
	36
	
	27
	
	

	Atomic no.
	
	
	
	13
	

	Mass no.
	
	
	63
	25
	

	Net Charge
	
	
	2+
	3+
	


Assignment 8: Average Atomic Mass  
(Chang: Read Sec. 3.1 or
Brown and Lemay:  Read Sec.2.4)

1. Define atomic mass.
2. Define atomic mass unit.
3. Define average atomic mass.

Problems


Average atomic mass  =  (mass x abundance)  +  (mass x abundance)  +  …
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1. Carbon exists as two naturally occurring isotopes:

12C
   Mass = 12.00000 amu

Abundance =  98.89%

13C   Mass = 13.00335 amu

Abundance = 1.110%

Calculate the average atomic weight for carbon.

2. Silicon exists as 3 naturally occurring isotopes:

28Si   
Mass = 27.97693

Abundance = 92.21%

29Si   
Mass = 28.97649

Abundance = 4.70%

30Si
Mass = 29.97376

Abundance = 3.09%

Calculate the average atomic weight for silicon.

3. Magnesium has three naturally isotopes.

24Mg
Mass = 23.98504 amu

Abundance = 78.70%

25Mg
Mass = 24.98584 amu

Abundance = 10.13%

26Mg
Mass = 25.98259 amu

Abundance = 11.17%

Calculate the average atomic weight for magnesium.

4. Silver consists of two isotopes:

107Ag
Mass = 106.9041 amu

Abundance = 51.83%

108Ag
Mass = 108.9047 amu

Abundance = 48.17%

Calculate the average atomic weight for silver

5. What is the atomic mass of hafnium if, out of every 100 atoms, 5 have mass 176, 19 have mass 177, 27 have mass 178, 14 have mass 179, and 35 have mass 180.0?
6. Work problems 2.23 – 2.24, p. 14, of this study guide
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