
Atom In-class review

1. What is an atom?

2. What are the three subatomic particles?

3. What's the mass of a proton?

4. What's the charge of a proton?

5. What's the mass of a neutron?

6. What's the charge of a neutron?

7. What's the mass of an electron?

8. What's the charge of an electron?

9. What is an element's atomic number?

10. What is a mass number?

11. What is an atomic mass?

12. If given the mass number and atomic numbers, how do you determine the number of protons?

13. If given the mass number and atomic numbers, how do you determine the number of neutrons?

14. If an atom has no charge, what can you tell me about its subatomic particles?

15. If an atom has a negative charge, what can you tell me about its subatomic particles?

16. What is an ion?

17. What is an isotope?

18. What is the upper number on our periodic tables?

19. What is the lower number (with decimals) on our periodic table?

20. Why isn't the atomic mass on the periodic table a whole number?

21. Which law: compounds always have the same composition by mass?

22. What do all isotopes of carbon have in common?

23. Who first proposed that matter is made up of atoms?

24. Which law: the mass of the reactants in a reaction is equal to the mass of the products.

25. How does Dalton's atomic theory differ from our modern concept?

26. What are some ways of indicating a particular isotope?

27. Where are protons found?

28. Where are neutrons found?

29. Where are electrons found?

30. How many valence electrons would an atom with atomic number of 12 have?

31. What do the dots in a Lewis dot diagram indicate?

Laws leading to Dalton's Atomic Theory


Name _________________________










Period _____  Date ______________

1.   Lavosier noticed when reactions were conducted in closed containers, there was never any change in mass.  

In the reaction    2Mg  +  O2  ( 2MgO,   two units of magnesium (a silvery metal) react with 1 unit of oxygen (a clear gas) to yield 2 units of magnesium oxide (a white powder).

48.6 grams of magnesium (Mg) will react with 32.0 grams of oxygen (O2), to yield 80.6 grams of magnesium oxide (MgO).  There were 80.6 grams of reactants (Mg and O2) and 80.6 grams of product (MgO).  So the mass of the stuff you start with (the reactants) is always the same as the mass of the stuff you end up with (the products).

Thus, the law of conservation of mass, which states matter is neither created nor destroyed in chemical reactions.

2. Proust noticed that proportion of the masses of any given compound is always the same.

If you have 80.6 grams of MgO, 6/10's of it's mass is magnesium (48.6 g) and 4/10's of its mass is oxygen (32.0 g).  If you had 100 grams of MgO, 60 grams (6/10) would be magnesium (60 g) and 40 grams (4/10) would be oxygen (40 g).  The ratio of the masses never varies.

Thus the law of definite proportions, which states that the mass ratio of the components of a given substance is always the same.

3.   Dalton noticed that when more than one substance is made from the same elements, the ratio of the component masses varies by small whole number multiples. This implies that each component is made of discrete particles with a certain mass.  We now call these particles atoms.
The mass of one unit of water, H2O, is 18.0 g.  (2 g hydrogen and 16 g oxygen)

The mass of one unit of hydrogen peroxide, H2O2, is 34 g (2 g hydrogen and 32 g oxygen).

H mass in H2O
H mass in H2O2  
mass ratio of H of the two substances
2 g


2 g


1:1

O mass in H2O
O mass in H2O2
mass ratio of O of the two substances
16 g


32 g


1:2 (the masses vary by a small whole number factor: 2)

Thus the law of multiple proportions, which states that when different substances are made of the same elements, their mass ratios always differ by small, whole number multiples.

3. Spectroscopy Lab: Electrons in Atoms


Name _________________________










Period _____  Date ______________

Introduction

An element's atoms have a unique arrangement of electrons.  Because of this, when energy (like heat or electricity) is applied to them, the electrons will absorb specific quantities of this energy and undergo a brief "quantum leap" to a higher energy level, then return to their more stable original "ground state."  As the electrons return to this ground state, the atoms emit the energy they had absorbed as discrete colors of light.  Each element emits a characteristic pattern of light which correlates with its unique electron structure.  This characteristic pattern (called emission spectrum) of emitted light can be used to identify elements.  Today you will examine emission spectra of pure elemental gases excited by electricity.  Then you will use your collected data to identify three unknowns.

Procedure

1. Obtain a spectroscope. 

2. Go to each of the stations with gas discharge tubes.  

3. Hold the spectroscope so the lines produced are vertical.  

4. Look at the spectrum that is produced on the left side.

5. Draw what you see with colored pencils.

Helium (He)

____________________

Mercury (Hg)
____________________

Krypton (Kr)
____________________

Hydrogen (H)
____________________

Neon (Ne)

____________________

Other 
(________)
____________________

6. Once you have the spectra of the "knowns" illustrated, draw the spectra of the "unknowns" (X, Y, and Z).  Compare these spectra with those above to identify the unknown elements.

X


____________________
Identity:

Y


____________________
Identity:

Z


____________________
Identity:

Questions

1. What equipment did you use to observe each element's emission spectrum?

2. Why can emission spectra be used to identify elements?

Atoms (Chapter 2) Reading Guide



Name _________________________










Period _____  Date ______________

1. On page 52, early ideas about matter are discussed.  What were the four fundamental elements that ancient Greek philosophers believed formed all matter?

2. Unlike modern scientists, what did the Greek philosophers NOT do?

3. Approximately how many years ago (the text gives a range) did Democritus propose the existence of tiny particles called atoms?

4. What law did Lavoisier establish when he stated that the mass of the products of a reaction always equals the mass of the initial reactants?

5. Pages 53-54.  What does the law of definite proportions state?

6. List the main points of Dalton's atomic theory?

7. The section on page 58 about Antoine Lavoisier is really interesting.  Because he couldn't make a living as a chemist, how did he make money?

8. What important component of air did Lavoisier name?

9. What happened to Lavoisier during the Reign of Terror that followed the French Revolution?  (Remind Mr. Wieland to tell you the REST OF THE STORY.)

10. Fill in the blanks from the paragraph at the top of page 62.  "In other words, atoms ___________________________________, referred to as _________________________.

11. From the section on protons and neutrons, compare the charge on and electron and on a proton.

12. Compare the relative mass of a proton and an electron.

13. At the bottom of page 62, a particle with the same mass as a proton, but no electrical charge, is described.  What is this particle called?

14. The nuclear model of the atom is described on page 65. Rutherford bombarded a super-thin sheet of gold foil with positively charged alpha particles.  What did Rutherford's team conclude because most of the particles passed through the foil?

15. Because so few particles were deflected, what did they propose?

16. Page 66.  Define atomic number and mass number.

17. On page 77, the electron cloud model is discussed.  What is an electron cloud?

18. On page 78, energy levels are described.  How many electrons can the first energy level hold (the one closest to the nucleus)?

19. How many electrons can the second energy level hold?

20. How many electrons can the third energy level hold?

21. What are the electrons in the outermost energy level called?  (This is important to know.)

22. We care about valence electrons because these are the ones that do all the work.  Copy the last sentence of the paragraph at the top of page 79.

23. What does a Lewis dot diagram illustrate?

Atomic Components Worksheet




Name ______________________________










Period _____  Date ___________________

Complete the following table.  The first three are done as examples.

· Atomic number is given on the periodic table and equals the number of protons. 

· In a neutral atom, the number of protons equals the number of electrons

· In a negative ion (a charged atom), the number of electrons exceeds the number of protons. In a positive ion, the number of electrons is less than the number of protons

· Mass number is the number of particles with mass (protons + neutrons). The number of neutrons must be calculated by subtracting the atomic number from the mass number.

· If the mass number is not provided, round off the atomic mass given on the periodic table.

· If a complete symbol is provided, the subscript before the element symbol is the atomic number and the superscript before the element symbol is the mass number.  The mass number is also sometimes provided after the element symbol (example C-14). 

· Charges are indicated as superscripts after the element symbol.

Atom/Ion
Atomic No. 
Protons
Electrons
Atomic mass
Mass number
Neutrons

Mg
12
12
12
24.305 amu
24
12

O-2
8
8
10
15.9994 amu
16
8

C-14
6
6
6
12.011 amu
14
8

Cl







Cl-1







N







Pb-205







Pb-208







Al







Al+3







Na







Na+1







P







Ca+2







Si







S







K+1







Fe+2







Fe+3







Test: The Atom: Chapter 2



A


Please do not write on this test.

Choose the answer that best answers the question or completes the statement.

1) The scientific statement that says that compounds always have exactly the same composition by mass is the _____.

a) atomic theory

b) percentage error

c) law of conservation of matter

d) law of definite proportion

2) The only subatomic particle that does not carry an electric charge is the _____.

a) proton

b) neutron

c) electron

d) nucleus

3) The atomic number of an element whose atoms have 9 protons and 10 neutrons is _____.

a) 9

b) 19

c) 10

d) 18

4) The mass number of an element whose atoms have 12 protons and 13 neutrons is _____.

a) 12

b) 13

c) 25

d) 12.5

5) One isotope of carbon has 6 protons and 6 neutrons.  The number of protons and neutrons of a second isotope of carbon would be _____.

a) 7 and 6

b) 6 and 7

c) 7 and 7

d) 6 and 6

6) _____ first proposed that matter is made up of atoms, the smallest particles of matter.

a) Democritus

b) Lavoisier

c) Proust

d) Dalton

7) 
According to the law of conservation of matter, if 4.0 g of hydrogen react with chlorine to produce 146 g of hydrogen chloride, how many grams of chlorine reacted?

a) 4.0 g

b) 142 g

c) 146 g

d) 150 g

8) Which of the following statements is not a main point of Dalton's atomic theory?

a) All matter is made up of atoms.

b) Atoms are made up of smaller particles

c) Atoms are indivisible.

d) All atoms of one element are exactly alike, but they are different from atoms of other elements.

9) What is a good comparison of the charge of an electron and the charge of a proton?

a) They are equal, but opposite.

b) The charge of the electron is larger.

c) They are the same.

d) The charge of the proton is larger.

10) Iodine-131 and iodine-127 are examples of _____.

a) nuclei

b) isomers

c) isotopes

d) neutrons

11) Which of the following are definitely atoms of the same element?

a) 3 protons, 3 neutrons and 3 protons, 4 neutrons

b) 3 protons, 3 neutrons and 4 protons, 4 neutrons

c) 4 protons, 4 neutrons and 3 protons, 4 neutrons

d) 3 protons, 4 neutrons and 4 protons, 3 neutrons

12) The _____ is where the electron is most likely to be found.

a) energy level

b) electron orbit

c) electron cloud

d) orbit

13) The atomic number of chlorine is 17.  How many valence electrons does an atom of chlorine have?

a) 2

b) 7

c) 8

d) 17

14) In a Lewis dot diagram, the dots represent _____ in the atom.

a) all the electrons

b) the valence electrons

c) the protons

d) the neutrons

Use the square from the periodic table shown to match the best answer.

[image: image1.wmf]C

14

6


15) Atomic number of chromium

16) Symbol

17) Name of element

18) Atomic mass

Match the element with its symbol.

19) sodium

20) hydrogen

21) magnesium

22) calcium

23) sulfur

24) silicon

25) chlorine

26) iron

27) phosphorus

28) carbon

29) potassium

30) nitrogen

31) aluminum

32) oxygen

a)
Al

b)
C

c)
Ca

d)
Cl

e)
Fe

ab)
H

ac)
K

ad)
Mg

ae)
N

bc)
Na

bd)
O

be)
P

cd)
S

ce)
Si

A

Test: The Atom: Chapter 2



B


Please do not write on this test.

Choose the answer that best answers the question or completes the statement.

1) The mass number of an element whose atoms have 12 protons and 13 neutrons is _____.

a) 25

b) 12

c) 12.5

d) 13

2) What is a good comparison of the charge of an electron and the charge of a proton?

a) They are the same.

b) They are equal, but opposite.

c) The charge of the proton is larger.

d) The charge of the electron is larger.

3) The only subatomic particle that does not carry an electric charge is the _____.

a) neutron

b) electron

c) proton

d) nucleus

4) The _____ is where the electron is most likely to be found.

a) energy level

b) electron orbit

c) orbit

d) electron cloud

5) The atomic number of an element whose atoms have 9 protons and 10 neutrons is _____.

a) 10

b) 9

c) 18

d) 19

6) One isotope of carbon has 6 protons and 6 neutrons.  The number of protons and neutrons of a second isotope of carbon would be _____.

a) 6 and 6

b) 7 and 6

c) 7 and 7

d) 6 and 7

7) 
_____ first proposed that matter is made up of atoms, the smallest particles of matter.

a) Dalton

b) Democritus

c) Proust

d) Lavoisier

8) According to the law of conservation of matter, if 4.0 g of hydrogen react with chlorine to produce 146 g of hydrogen chloride, how many grams of chlorine reacted?

a) 146 g

b) 142 g

c) 150 g

d) 4.0 g

9) Which of the following statements is not a main point of Dalton's atomic theory?

a) Atoms are indivisible.

b) All matter is made up of atoms.

c) Atoms are made up of smaller particles

d) All atoms of one element are exactly alike, but they are different from atoms of other elements.

10) Iodine-131 and iodine-127 are examples of _____.

a) isotopes

b) neutrons

c) nuclei

d) isomers

11) The scientific statement that says that compounds always have exactly the same composition by mass is the _____.

a) law of conservation of matter

b) law of definite proportion

c) atomic theory

d) percentage error

12) Which of the following are definitely atoms of the same element?

a) 3 protons, 3 neutrons and 4 protons, 4 neutrons

b) 4 protons, 4 neutrons and 3 protons, 4 neutrons

c) 3 protons, 4 neutrons and 4 protons, 3 neutrons

d) 3 protons, 3 neutrons and 3 protons, 4 neutrons

13) The atomic number of chlorine is 17.  How many valence electrons does an atom of chlorine have?

a) 2

b) 8

c) 7

d) 17

14) 
In a Lewis dot diagram, the dots represent _____ in the atom.

a) all the electrons

b) the neutrons

c) the valence electrons

d) the protons

Use the square from the periodic table shown to match the best answer.
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15) Name of element

16) Atomic number of scandium

17) Symbol

18) Atomic mass

Match the element with its symbol

19) chlorine

20) sodium

21) calcium

22) magnesium

23) potassium

24) aluminum

25) hydrogen

26) nitrogen

27) oxygen

28) carbon

29) silicon

30) iron

31) sulfur

32) phosphorus

a)
Al

b)
C

c)
Ca

d)
Cl

e)
Fe

ab)
H

ac)
K

ad)
Mg

ae)
N

bc)
Na

bd)
O

be)
P

cd)
S

ce)
Si

B

Review: Atoms, Chapter 2





Name ______________________________










Period _____  Date ___________________

Complete each statement.

1. The neutral particle found within an atom is the ______________________________.

2. The sum of the protons and neutrons in the nucleus of an atom is called the ______________________________ of that atom.

3. The space around the nucleus of an atom where the atom's electrons are found is called the ______________________________.

4. The ______________________________ is the positively charged central core of an a atom.

5. A system used to represent the valence electrons around the chemical symbol  of an element is the ______________________________.

6. The positively-charged subatomic particle is a(n) ______________________________.

7. According to the ______________________________, the elements that make up a compound always occur in the same mass proportion.

8. The smallest particle of which matter consists is a(n) ______________________________.

9. The number of protons in the nucleus of an atom of an element is the ______________________________ of that element.

10. The ______________________________ is the idea that matter is made up of fundamental particles called atoms.

11. A negatively charged particle found in all atoms is the ______________________________.

12. The only subatomic particle that does not carry an electric charge is the ______________________________.

13. The atomic number of an element whose atoms have 9 protons and 10 neutrons is ________________.

14. One isotope of carbon has 6 protons and 6 neutrons.  The number of protons and neutrons of a second isotope of carbon would be ______________________________ ( 7 and 6, 6 and 7, 7 and 7, or 6 and 6).

15. According to the periodic table, the mass number for beryllium (Be) is __________.

16. According to the periodic table, the atomic mass of scandium (Sc) is __________.

17. According to the periodic table, the atomic number of manganese (Mn) is __________.

18. The Lewis dot diagram for nitrogen is ______________________________.

19. What is the chemical symbol for iron __________.

Have you mastered your objectives for Chapter 2? 

Obj 2.1
Define the term “atom.”

1. What is an atom?

Obj 2.2
Explain the historical development of the atomic theory.

2. Who discovered the neutron?

3. Who characterized the electron?

4. Who proposed the earliest recorded atomic theory?

5. Who demonstrated that protons resided in a nucleus?

6. Who resurrected the atomic theory in the 1800 with experimental evidence?

Obj 2.3
Explain the laws of conservation of mass, definite proportions, and multiple proportions.

7. Who demonstrated the law of conservation of mass?

8. Who demonstrated the law of definite proportions?

9. Who demonstrated the law of multiple proportions?

10. Which law claims that the mass of the products of a reaction will always equal the mass of the reactants?

11. Which law claims that when elements combine to form more than one compound, the ratios of each element’s masses in the different compounds can only vary by small whole numbers?

12. Which law claims a particular compound is always made up of the same elements and in the same ratios?

Obj 25Contrast the modern atomic theory with Dalton’s.

13. List two considerations that are included in the modern atomic theory that weren’t in Dalton's?

Obj 2.6
Describe major subatomic particles and their relationships to isotopes of an element.

14. What are the major subatomic particles?

15. What are the charge, location, and mass of a proton?

16. What are the charge, location, and mass of electrons?

17. What are the charge, location and mass of a neutron?

Obj 2.7 Interpret the information available in an element block of the period table

18. Look at the block for oxygen in the periodic table.  

19. What is the atomic number of oxygen?  

20. What is oxygen's symbol?  

21. What is the atomic mass of oxygen?

22. Why isn't the atomic number printed on period tables?

Obj 2.8
Define and distinguish atomic number, mass number, and atomic mass
23. How do atomic number, mass number, and atomic mass differ?

24. What are isotopes?

25. What is the 37 in chlorine-37?

26. [image: image3.wmf]C

12

6

How many neutrons, protons, and electrons does chlorine 37 have?

27. What do the superscript and subscript in represent?

28. How do two isotopes of an element differ?

Obj 2.9  Determine the number of valance electrons an atom has by analyzing the elements position in the periodic table.

29. What is a valance electron?

30. How many valance electrons does chlorine have?

31. How many total electrons does a neutral atom of chlorine have?

Obj 2.10  Illustrate valance electrons by Lewis electron dot structures

32. What do the dots in Lewis dot diagrams represent?

Obj 2.11  Provide the name and symbol of the 14 most common elements.

What are the symbols for the following elements?

33. aluminum

34. calcium

35. carbon

36. chlorine

37. hydrogen

38. iron

39. magnesium

40. nitrogen

41. oxygen

42. potassium

43. phosphorus

44. silicon

45. sodium

46. sulfur

What are the names of the elements represented by the following symbols?

47. Si

48. S

49. P

50. O

51. Na

52. N

53. Mg

54. K

55. H

56. Fe

57. Cl

58. Ca

59. C

60. Al

1.  In the atom model below, how many protons are there? _____.  How many neutrons? _____.  How many electrons _____.  What's the atomic number? _____  What's the mass number? _____  What's the charge? ____

What element is it? _____  How many valence electrons does it have? _____  Draw it's Lewis dot diagram.
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2.  In the atom model below, how many protons are there? _____.  How many neutrons? _____.  How many electrons _____.  What's the atomic number? _____  What's the mass number? _____  What's the charge? ____

What element is it? _____  How many valence electrons does it have? _____  Draw it's Lewis dot diagram.











3.  Draw an atom model, like those above, for 12Na+
Quiz: Atomic Theories



*A*

Name ______________________________










Period _____ Date ____________________

Match the name or term on the left with the attribute on the right.

_____
1.  Lavoisier

_____
2.  Democritus

_____
3.  Dalton

_____
4.  Rutherford

_____
5.  Ancient Greeks


a.  Matter is made of earth, wind, water, and fire

b.  1st atomic theory

c.  1st atomic theory based on science

d. Protons are located in a center core of the atom, the nucleus

e.   Law of conservation of matter

Indicate to which atomic theory the following postulates belong:  "Dalton," "Democritus," or "Modern"

_________________6.  Each substance is made up its own unique type of atom.

_________________7.  Each element is made up of its own indivisible atom and atoms combine to form compounds.

_________________8.  Each element is made up of atoms containing protons, neutrons, and electrons.

_________________9.  All atoms of an element are exactly alike but are different from atoms of other elements.

_________________10.All atoms of an element have the same number of protons but can have different numbers of neutrons.

Quiz: Atomic Theories



*B*

Name ______________________________










Period _____ Date ____________________

Match the name or term on the left with the attribute on the right.

_____
1.  Ancient Greeks

_____
2.  Rutherford

_____
3.  Lavoisier

_____
4.  Democritus

_____
5.  Dalton


a.   1st atomic theory based on science

b. Protons are located in a center core of the atom, the nucleus

c.   Matter is made of earth, wind, water, and fire

d.   Law of conservation of matter

e.  1st atomic theory

Indicate to which atomic theory ("Dalton, " "Democritus," or "Modern") the following postulates belong:  

_________________6.  All atoms of an element are exactly alike but are different from atoms of other elements.

_________________7.  Each substance is made up its own unique type of atom.

_________________8.  Each element is made up of atoms containing protons, neutrons, and electrons.

_________________9.  Each element is made up of its own indivisible atom and atoms combine to form compounds.

_________________10.All atoms of an element have the same number of protons but can have different numbers of neutrons.

Review: Atoms, Chapter 2





Name ______________________________










Period _____  Date ___________________

Complete each statement.

20. The neutral particle found within an atom is the ______________________________.

21. The sum of the protons and neutrons in the nucleus of an atom is called the ______________________________ of that atom.

22. The space around the nucleus of an atom where the atom's electrons are found is called the ______________________________.

23. The ______________________________ is the positively charged central core of an a atom.

24. A system used to represent the valence electrons around the chemical symbol of an element is the ______________________________.

25. The positively-charged subatomic particle is a(n) ______________________________.

26. According to the ______________________________, the elements that make up a compound always occur in the same mass proportion.

27. The smallest particle that retains the properties of an element is a(n) ______________________________.

28. The number of protons in the nucleus of an atom of an element is the ______________________________ of that element.

29. The ______________________________ is the idea that matter is made up of fundamental particles called atoms.

30. A negatively charged particle found in atoms is the ______________________________.

31. The only subatomic particle that does not carry an electric charge is the ______________________________.

32. The atomic number of an element whose atoms have 9 protons and 10 neutrons is ________________.

33. One isotope of carbon has 6 protons and 6 neutrons.  The number of protons and neutrons of a second isotope of carbon would be ______________________________ ( 7 and 6, 6 and 7, 7 and 7, or 6 and 6).

34. According to the periodic table, the atomic number for beryllium (Be) is __________.

35. According to the periodic table, the atomic mass of scandium (Sc) is __________.

36. According to the periodic table, the atomic number of manganese (Mn) is __________.

37. What is the chemical symbol for iron __________.

38. Draw the Lewis dot structure for sulfur: __________.

39. Draw the Lewis dot structure for calcium __________.

Have you mastered your objectives for Chapter 2? 

Obj 2.1
Define the term “atom.”

61. What is an atom?

Obj 2.2
Relate historic experiments to the development of the modern model of the atom.

62. Who discovered the neutron?

63. Who characterized the electron?

64. Who proposed the earliest recorded atomic theory?

65. Who demonstrated that protons resided in a nucleus?

66. Who resurrected the atomic theory in the 1800 with experimental evidence?

Obj 2.3
Explain the laws of conservation of mass, definite proportions, and multiple proportions.

67. Who demonstrated the law of conservation of mass?

68. Who demonstrated the law of definite proportions?

69. Who demonstrated the law of multiple proportions?

70. Which law claims that the mass of the products of a reaction will always equal the mass of the reactants?

71. Which law claims that when elements combine to form more than one compound, the ratios of each element’s masses in the different compounds can only vary by small whole numbers?

72. Which law claims a particular compound is always made up of the same elements and in the same ratios?

Obj 2.4  List the postulates of Dalton's atomic theory

73. What are the components of Dalton's theory?

74. How did Dalton's theory differ from Democritus's?

Obj 2.5Contrast the modern atomic theory with Dalton’s.

75. List two considerations that are included in the modern atomic theory that weren’t in Dalton's?

Obj 2.6
Distinguish between protons, electrons and neutrons in terms of their relative masses, charges and locations 

76. What are the major subatomic particles?

77. What are the charge, location, and mass of a proton?

78. What are the charge, location, and mass of electrons?

79. What are the charge, location and mass of a neutron?

2.7 Interpret the information available in an element block of the period table

80. Look at the block for oxygen in the periodic table.  

81. What is the atomic number of oxygen?  

82. What is oxygen's symbol?  

83. What is the atomic mass of oxygen?

84. Why isn't the atomic number printed on period tables?

Obj 2.8  Define and distinguish atomic number, mass number, and atomic mass and used them to find the number of protons, electrons, and neutrons in a given atom.

85. How do atomic number, mass number, and atomic mass differ?

86. What are isotopes?

87. What is the 37 in chlorine-37?

88. How many neutrons, protons, and electrons does chlorine 37 have?

89. What do the superscript and subscript in represent?

Obj 2.9 Determine the number of valance electrons an atom has by analyzing the elements position in the periodic table

90. How many valance electrons do elements in group 1 of the periodic table have?

91. How many valance electrons do elements in group 2 of the periodic table have?

92. How many valance electrons do elements in group 13 of the periodic table have?

93. How many valance electrons do elements in group 14 of the periodic table have?

94. How many valance electrons do elements in group 15 of the periodic table have?

95. How many valance electrons do elements in group 16 of the periodic table have?

96. How many valance electrons do elements in group 17 of the periodic table have?

Obj 2.10 Illustrate valance electrons by Lewis electron dot structures.

97. Draw the Lewis dot diagrams for lithium, carbon, oxygen and neon..

Obj 2.11  Provide the name and symbol of the 14 most common elements.

What are the symbols for the following elements?

98. aluminum

99. calcium

100. carbon

101. chlorine

102. hydrogen

103. iron

104. magnesium

105. nitrogen

106. oxygen

107. potassium

108. phosphorus

109. silicon

110. sodium

111. sulfur

What are the names of the elements represented by the following symbols?

112. Si

113. S

114. P

115. O

116. Na

117. N

118. Mg

119. K

120. H

121. Fe

122. Cl

123. Ca

124. C

125. Al

Quiz: Atomic Structure

*A*


Name ___________________________________









Period _____   Date ________________________

Fill in the word(s) that will make each statement true.

1. ____________________ are subatomic particles with a negative charge.

2. A neutron has no charge, but its mass is almost the same as that of a ____________________.

3. The nucleus of an atom is composed of ___________________ and neutrons.

4. An atom may be identified by its ____________________ number.

5. There are 10 neutrons and ___________________ electrons in an atom of fluorine-19.

6. The mass number of an element with 12 protons and 13 neutrons is ____________________.

7. The total number of protons, neutrons, and electrons in an atom of silver-109 (atomic number 47) is ____________________.

8. Isotopes of an element have different numbers of neutrons.  They also have different ____________________ numbers.

9. Negatively charged electrons are widely dispersed in a(n) ____________________ surrounding the nucleus.

10. Elements are arranged on the periodic table according to their ___________________ number.

Quiz: Atomic Structure

*B*


Name ___________________________________









Period _____   Date ________________________

Fill in the word(s) that will make each statement true.

1. The mass number of an element with 12 electrons and 13 neutrons is ____________________.

2. The total number of protons, neutrons, and electrons in an atom of silver-109 (atomic number 47) is ____________________.

3. ____________________ are subatomic particles with a negative charge.

4. Elements are arranged on the periodic table according to their ___________________ number.

5. A neutron has no charge, but its mass is almost the same as that of a ____________________.

6. Isotopes of an element have different numbers of neutrons.  They also have different ____________________ numbers.

7. Negatively charged electrons are widely dispersed in a(n) ____________________ surrounding the nucleus.

8. The nucleus of an atom is composed of ___________________ and neutrons.

9. An atom may be identified by its ____________________ number.

10. There are 10 neutrons and ___________________ electrons in an atom of fluorine-19.

Isotopes

1. How does the modern atomic theory differ from Dalton's atomic theory.  (There are 2 main differences.)

2. What is the atomic number of an element?

3. For a given element, do all atoms have the same atomic number?

4. What is the mass number of an element?

5. For a given element, do all atoms have the same mass number?

6. Which of the three subatomic particles (protons, neutrons, and electrons) have significant mass?

7. Which subatomic particle with mass can vary from atom to atom of the same element?

8. Why doesn’t the periodic table have mass numbers printed on it?


Atoms of an element that have different mass numbers are called isotopes.  


Isotopes have the same number of protons but different numbers of neutrons, and thus they have different masses.

Essential Concepts Chapter 2: Atomic Structure

Obj 2.1 
Define the term atom 


Obj 2.2  Relate historic experiments to the development of the modern model of the atom 

Obj 2.3  Explain the laws of conservation of mass, definite proportions, and multiple proportions.

Democritus (400 B.C.), an ancient Greek, suggested matter was made up of small particles called atoms and thus developed the first atomic theory (but didn't test this theory).

Lavoisier (1700s) found that the masses before and after a chemical reaction were always equal, leading to the Law of conservation of mass.

Proust (1700s) found that a given compound always contains the same elements in the same proportions by mass, leading to the Law of definite proportions.

Dalton (early 1800s) found that if two compounds contain the same elements, the masses of the elements combine in small whole number ratios, leading to his Law of multiple proportions.   Dalton verified the existence of atoms with experimental evidence.  Dalton tied his ideas together with Democritus's, Lavoisier's, and Proust's to develop a revived atomic theory.

Obj 2.4  List the postulates of Dalton’s atomic theory 

· Each element is composed of extremely small particles called atoms. 

· All atoms of a given element are identical. (Modified in Modern Atomic Theory)

· Atoms of different elements have different properties (including different masses).

· Compounds are formed when atoms of more than one element combine.

· In a given compound, the relative number and kind of atoms are constant.

Obj 2.5 
Contrast the modern atomic theory with Dalton’s

The Modern Atomic Theory modifies Dalton’s Theory (Dalton was unaware of subatomic particles):

· Atoms are made up of smaller (subatomic) particles, including protons and neutrons in a nucleus surrounded by electrons in an “electron cloud.”  (Note: electrons do not “orbit” the nucleus.)

· The mass of an element’s atoms can vary due to different numbers of neutrons.  These differently massed atoms of the same element are called isotopes.

The developments that led to the modern atomic theory were:

· Thomson (late 1800s) showed that atoms were made of smaller particles; characterized electrons and protons.

· Rutherford (early 1900s) proved with his gold foil experiment that protons are densely packed in a nucleus.
· Chadwick (1932) discovered the neutron.

Obj 2.6
Illustrate the modern model of an atom

Atoms are the smallest particles that retain the identity of a substance.  Atoms themselves are made of three major subatomic particles:

· Protons: Positively charged subatomic particles densely packed in an atom’s nucleus, the number of which determines the atom’s identity.  Each proton has a mass of 1 amu (atomic mass unit).

· Neutrons: Uncharged subatomic particles also densely packed in an atom’s nucleus.  The number of an element’s neutrons may vary slightly from atom to atom (resulting in atoms of the same element with different masses called isotopes). Each neutron also has a mass of 1 amu.

· Electrons: Negatively charged subatomic particles widely dispersed in an “electron cloud” surrounding the nucleus (they don't circle the nucleus like planets around the sun).  The number of electrons always equals the number of protons in a neutral atom.  The mass of an electron is much less than that of a proton or neutron and essentially makes no contribution to the atom’s mass.

Obj 2.7
Interpret the information available in an element block of the periodic table (Note: the arrangement may vary.)

                  












( Atomic number (number of protons); determines the identity of the element

( Element name

( Element symbol

( Atomic mass (the average mass, in "atomic mass units," of an atom; or the average mass, in grams, of one

      mole of atoms)

Obj 2.8
Define and distinguish atomic number, mass number, and atomic mass

Atomic number: the number of protons in an atom.  The number of protons determines the identity of the element.  Atomic number is given in the Periodic Chart.

Mass number: the total number of protons and neutrons in an atom.  The mass number is not in the Periodic Chart.  Mass number  -  atomic number  =  number of neutrons.

Atomic mass: the average mass of the isotopes of an element, reflecting the relative abundance of each isotope.

Obj 2.9  Determine the number of valance electrons an atom has by analyzing the element's position in the periodic table.

Valance electrons are those at the highest energy level.  These are the electrons that are most reactive and are involved in chemical reactions.  Because number of valance electrons determines how an atom will react, the period table is arranged in such a way that elements with the same number of valance electrons are aligned in vertical rows (called families or groups).  

Group

Valance electrons

1

1

2

2

13

3

14

4

Group

Valance electrons

15

5

16

6

17

7

18  
8

Obj 2.10  Illustrate valance electrons by Lewis electron dot structures

Lewis electron dot structures are a very useful way to illustrate an atom's valance electrons and an ability to draw these structures will be essential to predicting how an element will react with other elements and in what proportions.  To draw a Lewis dot structure:

1.
Use the element's symbol to represent everything but the valance electrons.

2. Draw dots representing valance electrons on the four sides of the symbol (right, bottom, left, and top).  Draw one per side for the first 4, then double up until all valance electrons are accounted for.  

Obj 2.11  Provide the name and symbol of the 14 most common elements (more will follow).

The following elements and their symbols should be memorized:

Hydrogen
H

Nitrogen
N

Sodium
Na

Aluminum
Al

Phosphorus
P

Chlorine
Cl

Calcium
Ca

Carbon
C

Oxygen
O

Magnesium
Mg

Silicon
Si

Sulfur

S

Potassium
K

Iron

Fe

Essential Concepts Chapter 4: Atomic Structure

Obj 2.1 
Define the term atom 

An atom is the ______________________________________​​that retains the chemical identity of that element.

Obj 2.2
Relate historic experiments to the development of the modern model of the atom 

Obj 2.3 
Explain the laws of conservation of mass, definite proportions, and multiple proportions.

Obj 2.4
List the postulates of Dalton’s atomic theory

Democritus (400 B.C.), developed __________________________________________________________.

Lavoisier (1700s) tested and developed the Law of  ____________________________________________, which states ______________________________________________________________________.

Proust (1700s) performed work that led to the Law of __________________________________________, which states ______________________________________________________________________.

Dalton (early 1800s) found that if two compounds contain the same elements, the masses of the elements combine in small whole number ratios, leading to his Law of  _______________________________.

Dalton put these laws together as his _______________________, the first theory to verify the existence of atoms with experimental evidence.  His five ideas about atoms were:

1. ________________________________________________________________________________

2. ________________________________________________________________________________

3. ________________________________________________________________________________

4. ________________________________________________________________________________

5. ________________________________________________________________________________

Obj 2.5 
Contrast the modern atomic theory with Dalton’s

Thomson (late 1800s) showed that atoms were made of smaller particles; characterized electrons and protons.

Rutherford (early 1900s) proved with his gold foil experiment that protons are densely packed in a nucleus.

Chadwick (1932) discovered the neutron.

Modern Atomic Theory modifies Dalton’s Theory (Dalton was unaware of subatomic particles):

· Atoms are made up of smaller (subatomic) particles, including ___________________ and ____________________ (located in the nucleus) and ___________________ (in a cloud surrounding the nucleus) 

· The mass of an element’s atoms can vary due to different numbers of neutrons.  These differently massed atoms of the same element are called ____________________.

Obj 2.6
Illustrate the modern model of an atom

Major Subatomic Particles
· Protons: ____________________charged subatomic particles densely packed in an atom’s nucleus, the number of which determines the atom’s identity.  Each proton has a mass of 1 atomic mass unit (u).

· Neutrons: Uncharged subatomic particles also densely packed in an atom’s nucleus.  The number of an element’s neutrons may vary slightly from atom to atom (resulting in atoms of the same element with different masses called isotopes). Each neutron also has a mass of ___________________u_.

· Electrons: ___________________ charged subatomic particles widely dispersed in an “electron cloud” surrounding the nucleus (they don't circle the nucleus like planets around the sun).  The number of electrons always ____________________ the number of protons in a neutral atom.  The mass of an electron is much less than that of a proton or neutron and essentially makes no contribution to the atom’s mass.

Obj 2.7
Interpret the information available in an element block of the periodic table (Note: the arrangement may vary.)

                  












( Atomic number (number of ____________________); determines the identity of the element

( Element name

( Element symbol

( ____________________ (the average mass, in "atomic mass units," of an atom; or the average mass, in grams, of one mole of atoms)

Obj 2.8
Define and distinguish atomic number, mass number, and atomic mass

Atomic number = _______________________________________, which determines the identity of the element.  Atomic number is given in the Periodic Chart.

Mass number: the total number of ___________________ and ___________________ in an atom.  The mass number is not in the Periodic Chart.  Mass number  -  atomic number  =  ______________________.

Atomic mass: the average mass of the isotopes of an element, reflecting the relative abundance of each isotope.

Obj 2.9  Determine the number of valance electrons an atom has by analyzing the elements position in the periodic table.

Valance electrons are those at the highest energy level.  These are the electrons that are most reactive and are involved in chemical reactions.  Because number of valance electrons determines how an atom will react, the period table is arranged in such a way that elements with the same number of valance electrons are aligned in vertical rows (called families or groups).  

Group
Valance electrons

1
1

2
2

13
3

14
4

Group
Valance electrons

15
5

16
6

17
7

19 8

Obj 2.10  Illustrate valance electrons by Lewis electron dot structures

Lewis electron dot structures are a very useful way to illustrate an atom's valance electrons and an ability to draw these structures will be essential to predicting how an element will react with other elements and in what proportions.

Drawing Lewis Electron Dot Structures

1.
Use the element's symbol to represent everything but the valance electrons.

3. Draw dots representing valance electrons on the four sides of the symbol (right, bottom, left, and top).  Draw one per side for the first 4, then double up until all valance electrons are accounted for.  

Examples: 
Lithium (group 1, 1 valance electron): 
Li 

 



Beryllium (group 2, 2 valance electrons):

Be



Boron (group 13, 3 valance electrons):
B




Carbon (group 14, 4 valance electrons):

C




Nitrogen (group 15, 5 valance electrons):
N




Oxygen (group 16, 6 valance electrons):

O




Fluorine (group 17, 7 valance electrons):
F




Neon (group 18, 8 valance electrons):

Ne

Obj 2.11  Provide the name and symbol of the 14 most common elements (more will follow).

The following elements and their symbols should be memorized:

Hydrogen
H

Nitrogen
N

Sodium
Na
(don't confuse with S)

Aluminum
Al

Phosphorus
P 
(don't confuse with K)

Chlorine
Cl
(don't confuse with C)

Calcium
Ca 
(don't confuse with C)

Carbon

C
(don't confuse with Ca)

Oxygen
O

Magnesium
Mg

Silicon

Si
(don't confuse with S)

Sulfur

S


Potassium
K
(don't confuse with P)

Iron

Fe
(don't confuse with I, iodine)


Make up a memory aid …

Example:  Thom’s son wanted an electric tron for Christmas.


(Thomson characterized the electron.)

Example 2:  Chad’s new tron is fast.

(Chadwick discovered the neutron.)


Example 3:  Quanta walk the Planck, Matey?


(Planck claimed energy is radiated in packets called quanta)

How about “the sea is wa-vy,” for c = ((?

Or “Energy is hea-vy,” for E = h(.

Have you mastered your objectives for Chapter 4 

Obj 4.1
Define the term “atom.”

Obj 4.2
Explain the historical development of the atomic theory.

126. Who discovered the neutron?

127. Who characterized the electron?

128. Who proposed the earliest recorded atomic theory?

129. Who first proposed the equation E = hv?

130. Who proposed that energy was radiated in quanta.

131. Who demonstrated that protons resided in a nucleus?

132. Who resurrected the atomic theory in the 1800 with experimental evidence?

Obj 4.3
Explain the laws of conservation of mass, definite proportions, and multiple proportions.

133. Who demonstrated the law of conservation of mass?

134. Who demonstrated the law of definite proportions?

135. Who demonstrated the law of multiple proportions?

136. Which law claims that the mass of the products of a reaction will always equal the mass of the reactants?

137. Which law claims that when elements can combine in to form more than one compound, the ratios of each element’s masses in the different compounds can only vary by small whole numbers?

138. Which law claims a particular compound is always made up of the same elements and in the same ratios?

Obj 4.4 & 4.5Contrast the modern atomic theory with Dalton’s.

139. List two considerations that are included in the modern atomic theory that weren’t in Daltons?

Obj 4.6
Describe major subatomic particles and their relationships to isotopes of an element.

140. What are the major subatomic particles?

141. When an electron moves to a higher energy state, how do we describe it?

142. What do we call an electron’s lowest energy state?

143. What are two aspects of an atom that were demonstrated by Rutherford’s gold foil experiment?

144. What are two models of the atom that are no longer considered accurate (but were useful in their day)?

145. What are the charge, location, and mass of a proton?

146. What are the charge, location, and mass of electrons?

147. What are the charge, location and mass of a neutron?

Obj 4.7
Determine the atomic number and mass number of isotopes of an element.

148. How do atomic number, mass number, and atomic mass differ?

149. What is the 37 in chlorine-37?

150. How many neutrons, protons, and electrons does chlorine 37 have?

151. What do the superscript and subscript in represent?

152. What are nucleons?

153. How do two isotopes of an element differ?

Obj 4.8
Define atomic mass unit.

1. What is the standard by which atomic mass is described?

Obj 4.9
Calculate the average atomic mass of a mixture of isotopes.

1. How would you set up the calculation of the average atomic mass of silicon if 92.21 of its atoms have a mass of 27.977 u, 4.70% have mass 28.976 u, and 3.09% have mass 29.974 u?

Obj 4.10 Describe types and characteristics of electromagnetic radiation and the mathematical relationships among them.

1. What is the packet of energy called that is released or absorbed by an atom when its electrons move from one energy state to another?

2. What is the symbol and two units for frequency?

3. What is the symbol and two units for wavelength?

4. What is the symbol and unit for Energy?

5. What is the study of relationships between radiant energy and matter that is used to identify atoms?

6. What happens to frequency and energy when wavelengths decrease?

7. What happens to wavelength and energy when frequency increases?

8. What are the colors that make up the white light?

9. Which of these colors has the shortest wavelength?

10. Which of these colors has the greatest energy?

11. Which of these are, and which are not, forms of electromagnetic radiation:  microwave, heat, radio, sound, infrared, ultraviolet.

12. How fast do electromagnetic waves travel?

13. What is a spectrum?

Obj 4.11Memorize Planck’s constant and the speed of light.

1. What is the symbol and value of the speed of light?

2. What is the symbol and value for Planck’s constant?

Obj 4.12 Calculate energy, frequency, or wavelength when given one of them.

1. What is an equation that relates frequency to wavelength?

2. What is an equation that relates frequency to energy?

3. What is the conversion factor for converting Å to m?

Practice for Chapter 4 Test: Atomic Structure

Obj 4.1
Define the term “atom.”

Obj 4.2
Explain the historical development of the atomic theory.

1.    Who discovered the neutron?

2.    Who characterized the electron?

3.    Who proposed the earliest recorded atomic theory?

4. Who demonstrated that protons resided in a nucleus?

5.   Who resurrected the atomic theory in the 1800s with experimental evidence?

Obj 4.3
Explain the laws of conservation of mass, definite proportions, and multiple proportions.

6.    Who demonstrated the law of conservation of mass?

7.    Who demonstrated the law of definite proportions?

8. Who demonstrated the law of multiple proportions?

9. Which law claims that the mass of the products of a reaction will always equal the mass of the reactants?

10. Which law claims that when an element combines with a certain amount of given element to form compounds, the mass of the first element in the compounds will vary by small, whole number multiples (or ratios)?

11. Which law claims that a particular compound is always made up of the same elements and in the same ratios?

Obj 4.4: List the postulates of Dalton’s atomic theory.

Obj 4.5
Contrast the modern atomic theory with Dalton’s.

12. List two considerations that are included in the modern atomic theory that weren’t in Daltons?

Obj 4.6
Describe major subatomic particles and their relationships to isotopes of an element.

13. What are the major subatomic particles?

14. What are two aspects of an atom that were demonstrated by Rutherford’s gold foil experiment?

15. What are two models of the atom that are no longer considered accurate (but were useful in their day)?

16. What are the charge, location, and mass of a proton?

17. What are the charge, location, and mass of an electron?

18. What are the charge, location and mass of a neutron?

Obj 4.7
Determine the atomic number and mass number of isotopes of an element.

19. How do atomic number, mass number, and atomic mass differ?

20. What is the 37 in chlorine-37?

21. How many neutrons, protons, and electrons does chlorine 37 have?

22. What do the superscript and subscript in represent?

23. How do two isotopes of an element differ?

Some Laws to Know

Lavoisier (1700s) found that the masses before and after a chemical reaction were always equal, leading to the Law of conservation of mass.

If 112 g of iron react with 96 g of oxygen, 208 g of rust will result.

4Fe     +  3O2   (  2Fe2O3
224 g  +  96 g   (  320 g

Proust (1700s) found that a given compound always contains the same elements in the same proportions by mass, leading to the Law of definite proportions.

In Fe2O3, no matter how large or small a sample, 70% of the mass will be iron and 30% will be oxygen.

Dalton (early 1800s) found that if two compounds contain the same elements, the masses of the elements combine in small whole number ratios, leading to his Law of multiple proportions. 

16 grams of oxygen combine chemically with 2 g of hydrogen to form water (H2O).  32 grams of oxygen combine with 2 g of hydrogen to form hydrogen peroxide (H2O2).  The mass ratios of oxygen that combine with a given amount of hydrogen is 1:2.

Names to Know

Democritus
1st to suggest matter was made of atoms



Lavoisier


Law of conservation of mass

Proust


Law of definite proportions

Dalton


Law of multiple proportions

Dalton
1st to use experimental evidence to support an atomic model (Dalton’s Atomic Thoery)

Thomson


Characterized electrons and protons

Rutherford


Demonstrated that protons are in nucleus

Chadwick


Discovered the neutron

ELECTROMAGNETIC WAVES

Wavelength (() = distance between peaks or troughs of an emitted wave.  In meters (m, cm, pm, etc.) or Ångstroms 

(1Å = 10-10m).

Frequency (v) = number of wave cycles per sec. 

1 cycle/sec = 1 Hertz (Hz).  In calculations use “/sec”.   (Note: the shorter the wavelength, the greater the frequency.)

Formula relating frequency to wavelength: 

 

v = c/(   (c = 3.00 x 108 m, the speed of light)

1.
The yellow light given off by a sodium lamp has a wavelength of 589.2 nm.  What is the frequency of this radiation?

c  =  (v   can be written
v  =  c/(






v  =  3.00 x 108  m/s   x    109  nm
                                                        589.2 nm                1 m






v  =  5.09 x 1014 Hz (= cycles/sec)

ELECTROMAGNETIC WAVES

Energy (E) is absorbed or emitted in packets called quanta (singular: quantum) and is directly related to frequency, according to Planck’s Quantum Theory.   (Note: the greater the frequency, the greater the energy)

Formula relating frequency to energy:



E = vh   (h = 6.626 x 10-34 J/Hz, Planck’s constant)

2.
Calculate the smallest increment of energy (a quantum) that can be emitted or absorbed at a frequency of 5.00 x 1013 Hz.

E = hv

E = (6.626 x 10-34 J/Hz)( 5.00 x 1013 Hz+)

E = 3.31 x 10-20 J

3. What is the wavelength of the energy described in #2?

c  =  (v  
  can be written
 (  =  c/v

(  =  3.00 x 108 m/sec         (  =  6.00 x 10-6 m

 

   5.00 x 1013/sec

Formula relating wavelength to frequency and energy:


E  =  hv  =  hc/(
                    wavelength

                     |----(-----|

                                                        speed of light (c)

amplitude  |             |                        3.00 x 108 m/sec 
                   --cycle--                                           

Electromagnetic Radiation (EMR)

                  Decreasing wavelength
Radio (including radar and television)

                      Increasing frequency


                      Increasing energy




Infrared (heat)





Red  (( = 700 nm)
Visible light

(Roy G. Biv)




Orange





Yellow





Green





Blue





Indigo





Violet (( = 400 nm)





Ultraviolet





X rays





Gamma




Electromagnetic, or radiant, energy is transferred by waves that travel at the speed of light, and are characterized by wavelength ((, lambda) and frequency (v, nu). 

When exposed to a certain intensity of energy atoms will absorb some of it and become “excited.”  When the atom returns to its ground state (its lowest energy state), this energy will be released as a pattern of radiant energy.  

The wavelength patterns absorbed or emitted are unique for every type of substance and can be used to identify and quantify a sample’s atoms.  The characteristic set of energy wavelengths of a substance is called its spectrum.  The study of the relationships between radiant energy and matter is spectroscopy which can be used to identify elements.

Atomic Structure: Chapter 4

What is an atom?

The smallest particle of an element.

What are some characteristics of atoms?


According to Dalton’s Atomic Theory (early 1800s):

· Each element is composed of extremely small particles called atoms. 

· All atoms of a given element are identical.

· Atoms of different elements have different properties (including different masses).

· Compounds are formed when atoms of more than one element combine.

· In a given compound, the relative number and kind of atoms are constant.

What are some characteristics accepted since Dalton?

· Atoms are made up of smaller (subatomic) particles, including protons and neutrons (which are made up of even smaller particles), and electrons (which are believed to be indivisible).

· The mass of an element’s atoms can vary due to different numbers of neutrons.  These differently massed atoms of the same element are called isotopes.

Major Subatomic Particles
Nucleons: subatomic particles densely packed in the atom’s tiny nucleus.  Protons and neutrons.

· Protons: Positively charged subatomic particles densely packed in an atom’s nucleus, the number of which determine the atom’s identity.  Each proton has a mass of 1 amu (atomic mass unit).

· Neutrons: Uncharged subatomic particles also densely packed in an atom’s nucleus.  The number of an element’s neutrons may vary slightly from atom to atom (resulting in atoms of the same element with different masses called isotopes. Each neutron also has a mass of 1 amu.

Electrons: subatomic particles widely dispersed in an “electron cloud” surrounding the nucleus.  The number of electrons always equals the number of protons in a neutral atom.  The mass of an electron is much less than that of a proton or neutron and thus essentially makes no contribution to the atom’s mass.

Atomic Number, Mass Number, and Atomic Mass
Atomic number: the number of protons in an atom.  The number of protons determines the identity of the element.  The atomic number is indicated with the symbol Z.  In the Periodic Chart, the atomic number is located above the element’s symbol.


How many protons does Oxygen (O) have?


How many protons does Carbon (C) have?


How many electrons does Sodium (Na) have?

Mass number: the total number of nucleons (protons and neutrons) in an atom.  The mass number is indicated with the symbol A and is not in the Periodic Chart.


Mass number  -  atomic number  =  ?

Isotopes of an atom have the same atomic number but different mass numbers.


Example isotopes:  Carbon-12 (with 6 protons, 6 neutrons)

                                     Carbon-14 (with 6 protons, 8 neutrons)



These isotopes can be indicated as                and     

Atomic Mass
Atomic mass: the average of the masses of the isotopes of that element, reflecting the relative abundance of each isotope.


Atomic Mass Unit (amu)  =  (  of the mass of        .

To calculate the average atomic mass of an element:

1.  Find the percentage of each isotope’s mass number.

2.  Convert the percentages to portions of 1 (97% = 0.97)

3.  Multiply each nuclide’s portion by the nuclide’s mass number. 4.  Add the products.


Example: The relative abundance in nature for the isotopes of 
nitrogen are 99.63% nitrogen-14, and 0.37% nitrogen-15.  
What is the average atomic mass of nitrogen?



0.9963  x  14 amu  =  13.9482 amu



0.0037  x  15 amu  =   0.0555 amu



13.9482 amu  +  0.0555 amu  =  14.0037 amu


Practice: Naturally occurring chlorine is 75.53% chlorine-35, 
with a mass of 34.969 amu, and 24.47% chlorine-37 which has 
a mass of 36.966 amu.  What is the average atomic mass to 
four significant figures?

Energy Considerations of the Atom

Radiant or electromagnetic energy (for instance light) can be absorbed or emitted (given off) by atoms or molecules.  When exposed to a certain intensity of energy they will absorb some of it and become “excited.”  This energy can then be released as a pattern of radiant energy.  The wavelength patterns absorbed or emitted is unique for each substance and can be used to identify and quantify it.  The characteristic set of energy wavelengths of a substance is called its spectrum.  The study of the relationships between radiant energy and matter is spectroscopy.

Radiant energy has wavelike and particle-like characteristics. 

Wavelike characteristics of radiant energy:

· Speed (c): 3.00 x 108 m/s (the speed of light in a vacuum).

· Frequency (v, nu): the number of wave cycles that occur in a unit of time.  Unit: hertz (Hz), which is cycles per second.

· Wavelength ((, lambda): distance between peaks in units of meters (m, nm, cm, etc.) or Ångstroms (Å = 10-10m). Types of energy waves arranged by decreasing wavelengths: radio ((= 30 m), radar, microwave, infrared, visible light: red ( (= 700 nm), orange, yellow, green, blue, indigo, violet ((= 400 nm) – notice the colors spell out the name Roy G. Biv), ultraviolet, 


X ray, gamma rays ((= 10-3 nm).

Particle-like characteristics of radiant energy:

· Planck’s quantum theory states that there is such a thing as a smallest allowable gain or loss of energy, this packet of energy is called a quantum (plural: quanta), represented by “E.”
The Relationship Among Energy Characteristics
E  =  hv  =  hc/(  

E = energy (J)

h = Planck’s constant 6.626 x 10-34 J/Hz 

v = frequency (in cycles/sec = Hz)

c = speed of light = 3.00 x 108 m/sec

( = wavelength (in units of length)

Notice that three useful equations can be derived from the relationship given above, all of which can be rearranged algebraicly to solve for whatever is asked:

· E = hv

· E = hc/(  
v = c/(  

·  Energy Considerations of the Atom

Sample Problems

1.
The yellow light given off by a sodium lamp has a wavelength of 589.2 nm.  What is the frequency of this radiation?

c  =  (v   can be written
v  =  c/(






v  =  3.00 x 108  m/s   x    109  nm
                                                        589.2 nm                1 m






v  =  5.09 x 1014 Hz (= cycles/sec)

2.
Calculate the smallest increment of energy (a quantum) that can be emitted or absorbed at a frequency of 5.00 x 1013 Hz.

E = hv

E = (6.626 x 10-34 J/Hz)( 5.00 x 1013 Hz+)

E = 3.31 x 10-20 J

4. What is the wavelength of the energy described in #2?

c  =  (v  
  can be written
 (  =  c/v

(  =  3.00 x 108 m/sec         (  =  6.00 x 10-6 m

 

   5.00 x 1013/sec

Electromagnetic Radiation (EMR)

Decreasing wavelength
Radio (including radar and television)

Increasing frequency


Increasing energy




Infrared (heat)





Red
Visible light

(Roy G. Biv)




Orange





Yellow





Green





Blue





Indigo





Violet





Ultraviolet





X rays





Gamma




Sample Problems

1.
The yellow light given off by a sodium lamp has a wavelength of 589.2 nm.  What is the frequency of this radiation?

c  =  (v   can be written  v  =  c/(

v  =  3.00 x 108  m/s   x    109  nm   
 
 v  =  5.09 x 1014/s  =  5.09 x 1014 Hz 

                       589.2 nm                1 m
2.
Calculate the smallest increment of energy (a quantum) that can be emitted or absorbed at a frequency of 5.00 x 1013 Hz.

E = hv

E = (6.626 x 10-34 J/Hz)( 5.00 x 1013 Hz)

E = 3.31 x 10-20 J

3.
What is the wavelength of the energy described in #2?

c  =  (v  
  can be written
 (  =  c/v

(  =  3.00 x 108 m/sec         (  =  6.00 x 10-6 m

 

   5.00 x 1013/sec
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Chlorine


Cl


35.453





a)       24


b) Chromium


c)     Cr





d)   51.996
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Chlorine


Cl


35.453





a)       21


b) Scandium


c)     Sc





d)   44.956
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An atom is the smallest particle of an element that retains the chemical identity of that element.
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