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6. Periodic Table I



Review

• What is the smallest unit of an element?
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• An atom containing a nucleus of protons and 
neutrons surrounded by a ‘cloud’ of electrons

• What is the smallest unit of an element?
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Periodic Atoms
• Atomic symbols allow you to count the total number protons, 

neutrons, and electrons in an atom



92

232U 3
Charge

(q)

Chemical SymbolAtomic Number

(Z)

Atomic Mass Number

(A)



Chemical Symbol
• A chemical symbol is a one- or two-letter abbreviation for a particular 

element

• Many symbols come from the Latin, Greek, Arabic, German, or French 
names for the elements 

Br80

35

Bromine

From French via Latin

Dirt or stench of male goats

Br



Mini Quiz
• Can you match the chemical symbol with its original meaning? 

Ar (Argon)

Co (Cobalt)

Pd (Palladium)

Sr (Strontium)

Se (Selenium)
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Atomic Number
• The number of protons in an element

• Symbolically abbreviated as ‘Z’

Protons (atomic number): Z = 3

Neutrons

Electrons

92.6

7

3

Li
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Charge
• The charge on an atom equals the number of protons in an atom minus

the number of electrons in an atom

• For a neutral atom (# electrons = # protons), don’t write charge

• For singly-charged atoms, oxidation state given by + or – without ‘1’ 

Protons

Neutrons

Electrons

92.6

7

3

Li

- -
2 electrons

+ + +
3 protons

+
1 ‘extra’ 

proton



Charge
• An ion is a charged atom or molecule

• A cation is a positively charged ion (+)

• An anion is a negatively charged ion (-)

+

-

CATION

ANION

Li 

atom
minus electron

Li 

atom
plus electron



Mini Quiz
• How many protons are in the following atoms?



92

232U 3

• How many electrons are in the following atoms?



92

232U 2



1

1H 
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92

232U 3
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27Al3



Mini Quiz
• How many protons are in the following atoms?



92

232U 3

• How many electrons are in the following atoms?



92

232U 2



1

1H 



92

232U 3



92

232U 2



13

27Al3

# electrons = Z - q

= 13 - 3

# electrons = 10

# electrons = Z - q

= 92 - 3

# electrons = 89

# electrons = Z - q

= 92 - (-2)

# electrons = 94
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Atomic Mass
A hydrogen atom weighs 1.673E-27 kg. A carbon atom weighs 1.993E-26 kg. A 

molecule of dodecane, C12H26, has 26 hydrogen atoms and 12 carbon 
atoms. What is the mass of one molecule of dodecane? 



Atomic Mass
A hydrogen atom weighs 1.673E-27 kg. A carbon atom weighs 1.993E-26 kg. A 

molecule of dodecane, C12H26, has 26 hydrogen atoms and 12 carbon 
atoms. What is the mass of one molecule of dodecane? 
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2726
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10435.2
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These numbers are not pretty … There has to be a better way.



Atomic Mass Units
• An atomic mass unit is the mass of carbon-12 in kg, divided 

by 12.

• Chemists generally talk about mass in atomic mass units.

kgamu

amukgm
C

12

10993.1
1

1210993.1

26

26
12
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

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Atomic Mass Units
What does a hydrogen atom weigh in amu? Dodecane?

amum

amuamum

kgkgm

amu
kg

amu
kgm

HC

HC

HC

H

182.170
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From now on, we’ll talk about atomic masses in terms of amu.



Atomic Mass
• Weight of one atom of an element in atomic mass units

• Approximately equal to the total number of protons and 
neutrons

Protons:                                   3

Neutrons: 4

Electrons
7

92.6

17

3

Li
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Isotopes
• Isotopes are different atoms of an element with the same 

number of protons but different numbers of neutrons

• An element’s atomic mass is the weighted mass of all of that 
element’s isotopes



Isotopes
• Isotopes are different atoms of an element with the same 

number of protons but different numbers of neutrons

• An element’s atomic mass is the weighted mass of all of that 
element’s isotopes



3

7Li



3

6Li

92.6

7

3 Li

7        x         0.9241

6        x       0.0759

Isotopic Mass x Percent Natural   

Abundance

6.92

92.41%

7.59%



Mini Quiz

• What is the weighted mass of Fe? Its isotopes, 56, 54, and 57, 
have percent natural abundances of 92%, 6% and 2%, 
respectively. 

• The weighted mass of C (carbon) is 12.011, and it has only two 
isotopes, 12 and 13. What is the percent natural abundance of 
each of these two isotopes?

• Fe (iron) has three isotopes with masses 56, 54, and 57. How 
many protons and neutrons are in each isotope?



Mini Quiz

• Fe (iron) has three isotopes with masses 56, 54, and 57. How 
many protons and neutrons are in each isotope?

Fe56

26 Fe54

26 Fe57

26

Protons 26 26 26

Neutrons 30 28 31



Mini Quiz
• What is the weighted mass of Fe? Its isotopes, 56, 54, and 57, 

have percent natural abundances of 92%, 6% and 2%, 
respectively. 

Fe56
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Fe54

26

Fe57
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Mini Quiz

• The weighted mass of C (carbon) is 12.011, and it has only two 
isotopes, 12 and 13. What is the percent natural abundance of 
each of these two isotopes?
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Isotopic Masses

• How do scientists determine all of the isotopes of an element?

• Recall Thompson’s cathode ray experiments – any ideas?

S N

S N+

-
S N

• What did Thompson discover in his 
experiments?



Isotopic Masses

• How do scientists determine all of the isotopes of an element?

• Recall Thompson’s cathode ray experiments – any ideas?

S N

S N+

-
S N

• What did Thompson discover in his 
experiments?  

The mass-to-charge ratio of 
the electron.



Principle of a Mass Spectrometer
• Mass spectrometers use electric and magnetic fields to measure the 

mass-to-charge ratio of different ions

For a given set of electric and magnetic fields, the path an ion follows only 
depends on the ratio of its charge and its mass!



Principle of a Mass Spectrometer



a 
Q

m
(E  v  B)

E (m/z)

N
1. Produce molecular spray

2. Ionize spray

3. Expose ionized spray to E and B fields

4. Detect passed ions 

for each E (or B)

5. Print number of 

ions passed for each 

E (or B)

For a given set of electric and magnetic fields, the path an ion follows only 
depends on the ratio of its charge and its mass!



Principle of a Mass Spectrometer
1. Produce molecular spray

2. Ionize spray

+

+
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+

+

Neutral Atoms

Ions



Principle of a Mass Spectrometer

E (m/z)

N

3. Expose ionized spray to electric and magnetic fields

4. Detect passed ions for each 

electric or magnetic field

5. Print number of 

ions passed for each 

E (or B)

+

+
+

+
+

+

+



Applications
• Mass spectrometry is used to determine percent natural abundance of 

elemental isotopes

m/z (E)

N

124 136128 132

100

60

30
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132Xe
131.3879
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Periodic Table
• Rows (periods) vs Columns (groups, families)

1

2

3

4

5

6

7

1      2           3    4     5    6     7    8     9   10   11   12  13   14  15   16  17   18

Columns

Rows



Periodic Table
• Special Groups: What properties do the elements in each have in common? 

What is the origin of these common properties?



Summary

• Entries in the periodic table tell us the number of protons, 
neutrons, and electrons there are in a neutral atom of each 
element

• The charge tells us how many electrons are added or missing 
in an ionized atom

• Isotopes are atoms of the same element with different 
numbers of neutrons

Homework

• Read Ch. 4 (pp. 75-79, 86 – 90, 98 – 101)

• pp. 108 – 111; # 25, 27, 29, 33, 37, 75

• Handout on Mass Spectrometry

• Quiz on Tuesday (Discovery of the Atom and Mass Spec)


