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Flavors of the Atom

‣ Organizing the Elements 
‣ Chemical Symbols 

‣ Periodicity 

‣ The Periodic Table 
‣ The First Periodic Table 

‣ Metals & Non-metals 
‣ Metallic Properties 

‣ Common Ions, Predicting Charge 

‣ Representative Elements 

‣ Periods, Groups & Families 
‣ Group Numbers 

‣ Family Names 

‣ Official Class Periodic Table 

‣ Pieces of the atom 
 — electrons, protons, neutrons 
‣ Ions differ in electron count 

‣ Elements have different proton 
counts 

‣ Isotopes differ in total mass (because 
they differ in number of neutrons) 
‣ Isotopic Notation 

‣ Regions of the atom 
‣ Electron Shells 

‣ Finding Electron Shells 

‣ Valence Electrons 

‣ Lewis Symbols 

‣ Trends  
‣ in Size 

‣ in Ionization Energy
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Organizing the Elements

‣ Finding new pure substances with useful and interesting 
properties made chemistry a valuable science. 

‣ As chemists sought out more pure substances and 
documented their properties they explored how those 
substances could be made or decomposed. 

‣ They quickly realized that every substance they 
discovered could be decomposed into one of a handful of 
unique substances that could not themselves be 
decomposed. 

‣ The called those hand full of cornerstone substances 
elements. 

‣ Between the early 1700’s and mid 1800’s chemists sought 
out and found over 50 of those those essential substances. 

‣ At we found more and more elements we needed to 
organize them. 

‣ So we started by making flash cards. 
‣ We gave each element a symbol.

HO

Hydrogen (H) 
Helium (He) 
Lithium (Li) 
Beryllium (Be) 
Boron (B) 
Carbon (C) 
Nitrogen (N) 
Oxygen (O) 
Fluorine (F)

Neon (Ne) 
Sodium (Na)  
   (latin: Natrium) 
Magnesium (Mg) 
Aluminum (Al) 
Silicon (Si) 
Phosphorus (P) 
Sulfur (S) 
Chlorine (Cl) 
Argon (Ar)

Symbols for 18 Elements

For the next exam:

Know the name and symbol of the 

first 18 elements.



Organizing the Elements

‣ We started by making flash cards. 
‣ We gave each element a symbol. 
‣ Then we lined them up by increasing weight, 

 just like you might organize a poker hand. 
‣ We gave each element a serial number (atomic 

number), to indicate it’s place in the sequence of 
increasing weight.

Symbols	  have	  1,	  2	  or	  
3	  le2ers.	  	  If	  1	  le2er	  	  
is	  used,	  it	  is	  capitalized.	  
If	  2	  or	  3	  le2ers	  are	  	  
used,	  only	  the	  first	  	  
is	  capitalized.



Periodicity

‣ We lined up all the cards by weight.  From lightest to 
heaviest. 

‣ Then we looked at their chemical and physical 
properties and saw a repeating pattern.   

‣ Periodically, the same property shows up again and 
again and again. 

‣ So instead of making it one really lone line, we 
wrapped our set of cards so that those periodic trends 
lined up.
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Periodic Table

‣ Dmitri Ivanovich Mendeleev, a Russian chemistry teacher, is 
credited for producing the first periodic table in 1871. 

‣ There were about 50 elements in his first table. 

‣ Periodic law predicted elements that weren’t yet know, so 
Medeleev left holes in his periodic table — to leave room for 
when they were discovered.



Periodic Table

‣ As we added more elements the table 
grew. 

‣ To make it more manageable, we cut 
out the lanthanide and actinide cards 
and set them in a separate table.



The 118 Known Elements
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Metallic Character

‣ Most elements are metals (shiny, malleable, ductile, good conductors) 

‣ Some are non-metals (dull, brittle, not-ductile, poor conductors) 

‣ Seven are metalloids (kinda shiny, somewhat malleable, sorta ductile, semi-conductors)



Periodic Table

‣ We call each horizontal row a period. 
‣ We call each vertical column a family or group. 
‣ We divide sections of the table into the representative elements, the 

transition metals and the inner transition metals.
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Periodic Table

‣ Some families (groups) are 
important enough to have unique 
names.
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Periodic Table

‣ Some families (groups) are 
important enough to have unique 
names.
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Many Ionic Charges are Predictable
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Official Class Periodic Table
Unless directed otherwise, use only this table for all classwork. 
   This table will be provided with all exams. 
   This table is printed in the front cover of your text book 
     and is available as a pop-up in mastering chemistry.
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Pieces of the Atom

‣ Atoms are the smallest particle of an element that can enter into a 
chemical reaction. 

‣ Protons and neutrons make up the dense, positive nucleus.  
‣ Electrons occupy the empty space outside the nucleus. 
‣ A neutral atom contains the same number of electrons and protons.
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Ions

‣ JJ Thomson explained Michael Faraday’s observations about 
some atoms being charged with his plumb pudding model 
(theory). 

‣ Cations are formed by removing an electron from the atom. 
‣ Leaving more protons than protons and a net positive charge. 

‣ The difference between Al atom and Al3+ ion is the number of 
electrons. 

‣ The ion has very different properties than the atom. 
‣ Do not confuse them. 

‣ Anions are formed by adding an electron to an atom. 
‣ Leaving more electrons than protons and a net negative 

charge. 
‣ The difference between S atom and S2- ion is the number of 

electrons. 

‣ The ion has very different properties than the atom. 
‣ Do not confuse them.
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Elements differ in Protons

‣ If all atoms are made up of protons, neutrons, and electrons — what makes 
one element different from another? 

‣ Elements differ by the number of protons. 
‣ Carbon atoms have six protons.  Helium atoms have two protons. Always.
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Elements differ in Protons

‣ The “serial number” in the periodic table is the atomic number. 
‣ The atomic number equals the number of protons for that element.

25



Flavors of the Atom

‣ Organizing the Elements 
‣ Chemical Symbols 

‣ Periodicity 

‣ The Periodic Table 
‣ The First Periodic Table 

‣ Metals & Non-metals 
‣ Metallic Properties 

‣ Common Ions, Predicting Charge 

‣ Representative Elements 

‣ Periods, Groups & Families 
‣ Group Numbers 

‣ Family Names 

‣ Official Class Periodic Table 

‣ Pieces of the atom 
 — electrons, protons, neutrons 
‣ Ions differ in electron count 

‣ Elements have different proton 
counts 

‣ Isotopes differ in total mass (because 
they differ in number of neutrons) 
‣ Isotopic Notation 

‣ Regions of the atom 
‣ Electron Shells 

‣ Finding Electron Shells 

‣ Valence Electrons 

‣ Lewis Symbols 

‣ Properties  
‣ Predicting Trends

26

8
17O

Ch04



Isotopes differ in Mass

‣ All atoms of the same element, have the same number of protons. 
‣ But may not have the same weight. 
‣ Some hydrogen atoms weigh twice as much as other hydrogen atoms. 
‣ The difference is in the number of neutrons. 
‣ Atoms of the same element but different masses are called isotopes.



Isotopes differ in Mass

‣ All atoms of the same element, have the same number of protons. 
‣ But may not have the same weight. 
‣ Some hydrogen atoms weigh twice as much as other hydrogen atoms. 
‣ The difference is in the number of neutrons. 
‣ Atoms of the same element but different masses are called isotopes. 
‣ Isotopes are defined by their number of neutrons. 
‣ We use isotopic notation to describe different isotopes.

28



Isotopes differ in Mass

‣ What would the symbol be for  
the Carbon-12 isotope?

29

6 protons

C612
6 protons + 6 neutrons

C6
6 protons

14
6 protons + 8 neutrons

‣ What would the symbol be for  
the Carbon-14 isotope?



Isotopes differ in Mass

‣ Oxygen has three isotopes...

30

8
8 protons

16
8 protons + 8 neutrons

O
8

8 protons

17
8 protons + 9 neutrons

O

8
8 protons

18
8 protons + 10 neutrons

O
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Examples of Isotopes 

Element Protons Electrons Neutrons Symbol 
Hydrogen       1   1  0      11H 
Hydrogen       1   1  1       12H  
Hydrogen       1   1  2       13H 

Uranium       92  92         143    92
235U 

Uranium       92  92         146    92
238U 

   
Chlorine       17  17  18    17

35Cl 
Chlorine       17  17  20    17

37Cl



Ions differ in Electrons

‣ For a neutral atom, the number of protons equals the number of electrons. 
‣ For a cation, there are less electrons than protons. 
‣ For an anion, there are more electrons than protons.
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Ions differ in Electrons

‣ For a neutral atom, the number of protons equals the number of electrons. 
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35
17
Cl 35

17Cl
-

17 protons, 
17 electrons

17 protons, 
18 electrons



Ions differ in Electrons

‣ For a neutral atom, the number of protons equals the number of electrons. 
‣ For a cation, there are less electrons than protons. 
‣ For an anion, there are more electrons than protons.

1
1
H 1

1 H
+

1 proton,  
1 electron

1 proton,  
0 electrons
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Electronic Structure

‣ Electrons exist at certain distances from 
the nucleus. 
‣ Similar to the way planets exist in discreet 

orbits around the sun. 
‣ The full story is more complex, but this is a 

good first approximation. 

‣ The orbits are numbered, we indicate the 
orbit number with the variable n. 

‣ n is the principle quantum number. 
‣ The closest orbit to the nucleus is n=1. 

‣ The next farther out is n=2. 

‣ … and so on. 

‣ The electrons closer to nucleus have less 
energy. 

‣ Like a ball at the bottom of a hill has less 
energy. 

‣ Electrons prefer to be in the lowest orbital 
(closest to the nucleus).
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n=1

n=2

n=3

n=4



Electronic Structure

‣ More than one electron can orbit at each 
level. 

‣ There is a maximum number of electrons 
that can orbit at each level. 

‣ This creates layers or shells of electrons 
around the nucleus,  
‣ Two electrons can orbit at n=1 

‣ This is the n=1 shell. 

‣ Eight electrons can orbit at n=2. 
‣ This is the n=2 shell. 

‣ Eight electrons can orbit at n=3. 
‣ This is the n=3 shell. 

‣ At n=4 the shells get larger and some 
complicated things happen that we won’t 
get into in this class.   
‣ But n=4 can hold at least two electrons. 

‣ You are responsible for knowing the 
capacity of each of the shells 1-3.
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Electronic Structure

‣ Since electrons prefer to fill electron 
shells at lowest number possible n number, 
if you know how many electrons an atom 
has, you can predict it’s electronic 
structure.  

‣ Helium has two, both electrons are in n=1 
‣ Electronic structure 2 

‣ Carbon has six, two in n=1 and four in n=2 
‣ Electronic structure 2, 4 

‣ Chlorine has 17 
‣ 2, 8, 7 

‣ Calcium has 20 
‣ 2, 8, 8, 2
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Electronic Structure

‣ The outermost shell is the one other atoms 
will “see” when they bump into an atom. 

‣ That shell is the most important part of the 
atoms electronic structure. 

‣ The outmost shell of the atom is it’s valence 
shell. 

‣ The rest of the electrons are core electrons. 

‣ An atom will have 1-8 electrons in it’s 
valence shell.  This is the octet rule.
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Electronic Structure

‣ As we start to understand chemical 
bonding, we will use Lewis symbols to 
indicate the number of electrons in an 
atoms valence shell. 

‣ A Lewis symbol starts with the symbol of 
the element, and adds to it the valence 
electrons in sets of two on each of the 
four sides of that symbol. 

‣ It does not matter which side, as long as you 
have 1-8 dots in sets of (at most) two.
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Be
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Electronic Structure
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n=1

n=2

n=3

N

N

N
N

n=4



Electronic Structure

‣ As we start to understand chemical 
bonding, we will use Lewis symbols to 
indicate the number of electrons in an 
atoms valence shell. 

‣ A Lewis symbol starts with the symbol of 
the element, and adds to it the valence 
electrons in sets of two on each of the 
four sides of that symbol. 

‣ It does not matter which side, as long as you 
have 1-8 dots in sets of (at most) two.

n=1

n=2

n=3P
n=4

P
P P



Flavors of the Atom

‣ Organizing the Elements 
‣ Chemical Symbols 

‣ Periodicity 

‣ The Periodic Table 
‣ The First Periodic Table 

‣ Metals & Non-metals 
‣ Metallic Properties 

‣ Common Ions, Predicting Charge 

‣ Representative Elements 

‣ Periods, Groups & Families 
‣ Group Numbers 

‣ Family Names 

‣ Official Class Periodic Table 

‣ Pieces of the atom 
 — electrons, protons, neutrons 
‣ Ions differ in electron count 

‣ Elements have different proton 
counts 

‣ Isotopes differ in total mass (because 
they differ in number of neutrons) 
‣ Isotopic Notation 

‣ Regions of the atom 
‣ Electron Shells 

‣ Finding Electron Shells 

‣ Valence Electrons 

‣ Lewis Symbols 

‣ Trends  
‣ in Size 

‣ in Ionization Energy

43

8
17O

Ch04



The size of Atoms

‣ The electron cloud of an atom defines it’s size. 

‣ How do you measure the size of a cloud? 
‣ The edges of a cloud are uncertain. 

‣ We measure the distance between two adjacent atoms. 
‣  Atomic size is measured by packing atoms close together, finding the 

distance between adjacent nuclei, and dividing that number by 2. 

‣ Atoms can be packed densely by capturing them in solid form or capturing 
them in a another compound that is a solid.  
‣ These atoms are not bonded, their electron orbitals don’t mix.   

‣ We describe the atomic size we get from this process as the nonbonding 
atomic radius or van der Waals radius. 

‣ For metals this involves analyzing metallic crystals (atoms held together 
with metallic bonds). 

‣ For non-metals, we look at a large number of compounds that contain the 
element.    
‣ We look at the average bond length between atoms. 

‣ There is overlap between the electron orbitals. 

‣ We describe the atomic radius found from covalently bonded compounds as 
the bonding atomic radius or covalent radius. 

‣ Which atomic radius we use depends on the context. 
‣ When we say atomic radius, we more often mean bonding atomic radius. 

‣ We can determine the relative atomic radius of two elements by their 
position in the periodic table.
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Relative Atomic Radius

‣ In general, as we move across the 
periodic table left to right the atomic 
radius decreases. 
‣ Transition metals of the same period 

are roughly the same size.  

‣ In general, as we move down the 
periodic table the atomic radius 
increases.
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Atomic Size Increases as we go Down

‣ Atomic Radius increases as we 
move down the periodic table 
because each period represents a 
new electron shell. 
‣ Each shell shields the previous 

shell from the nuclear charge 
reducing the pull of electrons to 
the nucleus. 

‣ The electrons in the inner shells 
repulse the electrons on the outer 
shells, pushing them farther from 
the nucleus. 

‣ Each period corresponds to an 
increase in the principle quantum 
number n, which describes the 
size of that shell. 

‣ As we add a larger shell, a new 
layer to the atom, it get’s bigger.
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Atomic radii increase 
down a group. For each step down a group, electrons enter 

the next higher energy level.

11.2



Atom Size decreases as we move Across

‣ Atomic Radius decreases as we 
move across the periodic table 
because the nuclear charge 
increases with each new row. 
‣ Shielding within a period is 

minimal. 

‣ Electrons have a minimal repulsion 
within a shell because they are in 
separate orbitals. 

‣ They fit together well. 

‣ As the effective nuclear charge 
increases it nuclear attraction all 
electrons in that shell feel. 

‣ It tightens the atom. 

‣ The increased effective nuclear 
charge pulls all the electrons in 
the outer shell closer. 

‣ It makes the atom smaller.
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Radii of atoms tend to  decrease 
from left to right across a period.

For representative 
elements within the 

same period, the 
energy level remains 
constant as electrons 

are added.

This increase in 
positive nuclear 
charge pulls all 

electrons closer to 
the nucleus.  

11.2

Each time an 
electron is added, a 
proton is also added 

to the nucleus. 



Which Atom is Larger?

‣ Which atom is larger? 
‣ F or Li 

‣ Cl or Br 

‣ Ge or Se 

‣ P or O 

‣ Al or Ge 

‣ Al or Po

50

Li 

Br 

Ge 

P 

Unclear 

Po Within the P block or within the S 
block, movie down the periodic table 

has a bigger effect than moving 
across it.  But trust this only if the 
distance is two or more rows or 

columns.
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The ionization energy of an atom is the energy 
required to remove an electron from an atom.

Na + ionization energy → Na+ + e- 

+ -



Ionization Energy

‣ Ionization energy is the energy required to remove 
an electron from an atom or ion. 

‣ Ionization energy get’s larger as you move across 
the periodic table from left to right. 

‣ As you move across the periodic table, the effective 
nuclear charge increases. 

‣ The pull on each electron in the outermost shell 
increases. 

‣ So it’s harder to remove those electrons. 

‣ Ionization energy get’s smaller as you move down 
the periodic table. 

‣ As you move down the periodic table the radius of 
the valence shell increases. 

‣ While nuclear charge increases, shielding reduces the 
effect of that increased nuclear charge. 

‣ The outer electrons are held more loosely. 

‣ It’s easier to remove electrons from these larger 
shells. 

‣ Nobel gases are almost impossible to ionize. 

‣ Of the remaining elements, Fluorine is the king, as 
you get farther from Fluorine it becomes easier to 
steel electrons. 

‣ Hydrogen is an exception to the pattern.
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Which Element has a higher IE?

‣ Which has a higher IE? 
 

‣ F or Li 

‣ Cl or Br 

‣ Ge or Se 

‣ P or O 

‣ Al or Ge
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F 

Cl 

Se 

O 

Unclear
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Questions?


