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Periodic Trends




Where are metals, non-metals, and metalloids?

Blue = metal
Red = nonmetal

Green = Metalloid




What is a Group? What is a Period?

On the periodic table, a group is a column. Elements that are all in the
same group (column) have similar properties.

On the periodic table, a period is a row. Elements that are all in the same
period (row) do not necessarily have similar properties.
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Which Groups Should You Know?

On the periodic table, there are certain groups that you should definitely know.

Alkali metals (Group 1)
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Which Groups Should You Know?

On the periodic table, there are certain groups that you should definitely know.

Alkali metals (Group 1)

« Low ionization energies (easy to remove an electron from them) because they want
to lose their outermost electron, so they can shift to the left and feel like the nearest
noble gas. It's a lot easier to shift left than right for elements in Group 1.

* Very reactive with water

« Readily form ionic compounds

« EXAM TIP: when alkali metals react with water, they do this:

Ms *+ HOp 2> MOHg, + "2Hygy

In this reaction, the H in H,O gets reduced to H, gas. This reaction is very exothermic



Which Groups Should You Know?

On the periodic table, there are certain groups that you should definitely know.

Alkaline earth metals (Group 2)




Alkaline earth metals

actinoids

PERIODIC TABLE OF THE ELEMENTS

atomic number —p

chemical symbol

name
atomic mass

5

VIIB

4—oxidation states
(most common)

& radioactive elements

8

VIIIB

Silicon
28.0855

82

Germanium
72.64

Ge*

33 o
+3
ACE

Arsenic
74.92160

Antimony Tellurium
121.760 127.60

B
Po:

Polonium
208.982

%) 3
erium

el

) 65 &

=

(]

=

c

o 57 3 158 :; 59, *3 60 +3 161 3 (59 +3 163 o +3 166 +3 67 *3 68 *3 69 =3 70 *+3| 17 +3

LPFEa BCe FPr ENd IPm BSm FEU BGd BID EDy EHO FEr Blm BYD FLU
Lanthanum Cerium Praseodymium Neodynium  Promethium Samarium Europium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
138.9054 140.116 140.9076 144.242 45 & 150.36 151.964 158.9253 162.500 164.9303 167.259 168.9342 173.054 174.9668

tactinium

2 2310358 &8

. nonmetals

. alkaline earth metals

alcali metals ' transition metals

metalloids

. post-transition metals r noble gases ' actinoids

erkelium
(247

lanthanoids



Which Groups Should You Know?

On the periodic table, there are certain groups that you should definitely know.

Alkaline earth metals (Group 2)

* Also have low ionization energies, but not as low as alkali metals
* Do react with H,O, but not as violently as the alkali metals

* Generally get more reactive with H,O as you go down the group



Which Groups Should You Know?

On the periodic table, there are certain groups that you should definitely know.

Halogens (Group VIIA)
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An atom’s electronegativity is its “thirst” for electrons. Electronegativity increases as
you go up and to the right on the periodic table.



Which Groups Should You Know?

On the periodic table, there are certain groups that you should definitely know.

Halogens (Group VIIA)

« High electronegativities and electron affinities (they have a high “thirst” for electrons)
« They are only one valence electron away from having a full octet.

* Thus, they are easily reduced and really want to have an extra electron.

* Highly reactive with metals, good oxidizing agents



Which Groups Should You Know?

On the periodic table, there are certain groups that you should definitely know.

Noble Gases (Group VIIIA)
 Inert (unreactive) gases; they have a full octet and are happy.

Transition Metals (d-block)
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Which Groups Should You Know?

On the periodic table, there are certain groups that you should definitely know.

Noble Gases (Group VIIIA)
 Inert (unreactive) gases; they have a full octet and are happy.

Transition Metals (d-block)

« Often form brightly-colored compounds, due to the funky way that d-orbitals’ shapes
allow their electrons to absorb colored light and be promoted to higher-energy levels

« Can have multiple oxidation states

Fe™4, Fe™?, Fe™, Fe*!, Fe*?, Fe*3, Fe*4, Fe*>, Fe*®



Which Groups Should You Know?

On the periodic table, there are certain groups that you should definitely know.
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Which Groups Should You Know?

On the periodic table, there are certain groups that you should definitely know.

Oxygen group (Group VIA) — also called the “chalcogens”

* There are two forms of molecular oxygen: O, and Os.

* O, is a good oxidizing agent (oxidant), and O3 is an even befter oxidizing agent.
« Metals like to react with oxygen to form metal oxides.

With water:
Ms + HOp 2> MOH, + "2Hygy
With Oxygen:

Ms + Oz 2 MO



Which Groups Should You Know?

On the periodic table, there are certain groups that you should definitely know.

Oxygen group (Group VIA) — also called the “chalcogens”

* There are two forms of molecular oxygen: O, and Os.

* O, is a good oxidizing agent (oxidant), and O3 is an even befter oxidizing agent.
« Metals like to react with oxygen to form metal oxides.

With Oxygen:

Mgs + Oz 2> MgO
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What is an Atomic Radius?

An atom’s radius (called its atomic radius) is the distance from its nucleus to the
outside of its outermost orbitals. For example . . .

1s orbital

H atom

Thus, an atom’s atomic radius helps convey the size of its electron cloud.



What is a Bond Length?

When two atoms bond, the distance between their nuclei is called their bond length.
For example . ..

1s orbital 1s orbital

H atom H atom



What is a Bond Length?

When two atoms bond, the distance between their nuclei is called their bond length.
For example . ..

1s orbital 1s orbital

H atom H atom

For an H, molecule, you can hopefully see that bond length = atomic radius X 2.



What is a Bond Length?

This is not true when atoms of different elements bond together. For example . . .

C atom

Br atom



What is a Bond Length?

This is not true when atoms of different elements bond together. For example . . .

C atom

Br atom



Elements’ Sizes

In general, atoms’ sizes get smaller as you go to the right across a row

or up a column on the periodic table.
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Elements’ Sizes

You could conversely say, then, that atoms generally larger as you go to
the left across a row or down a column on the periodic table.
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Why do Atoms Get Larger Going Down a Column?

To answer this question, let’s start by picking any column on the periodic
table.
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To answer this question, let's start by picking any column on the periodic
table.
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Why do Atoms Get Larger Going Down a Column?

To answer this question, let’s start by picking any column on the periodic
table.

larger
= larger size




Why do Atoms Get Smaller Going to the Right Across a Row?

To answer this, let’s pick a row.

9

lIIB IVB VIlB VIIIB VIIB VIIIB

odium um
19 1
K \
Ge As
00s3  [EEODRET] 00 pdium ggienlum gEEeRadium gERiOmMIUM UEEiiganese  EEEEIOn - EEEeoDalt guEENIcKel  pEREopper EEERAINC [N Germanium Arsenl
83.798
37 -l ‘
Rubidium
aaaaaa

La Ce Pr Nd Pm Sm Eu Gd Tb D Ho Er Tm Yb Lu

aaaaa unthanum Euronmm Gndoll ium 'I'emlum WS m Holmhnm E:Num 'null m YttefN m l.nt Ium
11111 nes) &  1s03s

o e
rrrrrr e @ 00| w0 | 23020 D p " ()

Decreasing Size



Why do Atoms Get Smaller Going to the Right Across a Row?

To answer this, let’s pick a row.

5 *3
B

Boron
10811

Decreasing Size

As we go from left-to-right, do we get any higher-energy shells? No.

So what do we get? More protons!



Why do Atoms Get Smaller Going to the Right Across a Row?

To answer this, let’s pick a row.

Decreasing Size

So atoms get smaller going from left-to-right across a row because they
do NOT have any larger shells, but they DO have more protons. Protons’
ability to “suck” electrons in is called effective nuclear charge (Z.5).



Why do Atoms Get Smaller Going to the Right Across a Row?

To answer this, let’s pick a row.
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Teffective nuclear charge (Z.4) = lsize



Question

Which of the following bonds would be the longest?

N
A. C-F 17
B. C—Cl >
®©
C. C-Br [
<
D. C- O
O
©

C atom

Halogen
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Elements’ Sizes

In a prior video, we talked about how atoms’ sizes generally get smaller
as you go to the right across a row or up a column on the periodic table.

! But what about the sizes of ions? 18
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lons’ Sizes

What if we took you . . .

Would you weigh more?

By Michiel1972 at nl.wikipedia, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=3224129



Similarly, if you give an atom an electron, it makes the atom larger. If
you take an electron away from an atom, it makes the atom smaller.



lons’ Sizes

Which of the following atoms would be the largest? Which one would be
the smallest?

A. O
B. O-

C. O «———largest

D. O \
smallest



Isoelectronic Series

How many electrons does each of the following atoms or ions have?

A. O%
B. F1-
C. Ne
D. Na'*
E. Mg?#*
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Isoelectronic Series

How many electrons does each of the following atoms or ions have?

A. 0~ 10
B.F'- 10
C.Ne 10
D. Na'* 10

E. Mg2* 10

If you have a group of atoms or ions that are from
different elements, but have the same total number
of electrons as each other, that group is called an
isoelectronic series.



Isoelectronic Series’ Sizes

In the following isoelectronic series, which one would be the largest?

A. O+
B. F-
C. Ne
D. Na'*
E. Mg?*



More Protons Means Smaller Atoms

Decreasing Size

Atoms get smaller going from left-to-right across a row because they do
NOT have any larger shells, but they DO have more protons. Protons’
ability to “suck” electrons in is called effective nuclear charge (Z.).



Isoelectronic Series’ Sizes

In the following isoelectronic series, which one would be the largest? The smallest?

A. O%

B Fi- What the difference between all of these?
Their number of protons!

C. Ne

D. Na't

‘ protons = ‘effective nuclear charge (Z.4) = lsize
E. Mg?#*



Isoelectronic Series’ Sizes

In the following isoelectronic series, which one would be the largest? The smallest?

A. O~ 8 protons
B. F'- 9 protons
C. Ne 10 protons
D. Na'™ 11 protons
E. Mg%* 12 protons



Isoelectronic Series’ Sizes

In the following isoelectronic series, which one would be the largest? The smallest?

A. O2- «—— largest
B. F-
C. Ne
D. Na'*
E. Mg?*

\ smallest
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lonization Energy

lonization energy is the amount of energy required to strip an electron
from an atom. Even for elements like Na, which really want to get rid of
their outermost valence electron, it still takes energy to remove that
electron. That energy cost is (once again) called the ionization energy

for that particular atom.

What is the trend for ionization energy on the periodic table?



ectronegativi

ITA

+1
L- =1

)
I;
I~
Y
Lithium -y
6.941 -
+1
Na §
Sodium 7 8 9 Silicon k
22.98976 VIIB VIIIB VIIIB 28.0855 N
1% ) 0
4 K —
Potassium Germanium Arsenic
39.0983 5. 3s 72.64 74.92160
DR ()]
Rubidium ium um Antimony Tellurium .S
85.4678 02.9055 112.441 121.760 127.60
55 & %
Caesium Polomum e
132.9054 208.982 &
87 i 0
7 BEF S
Francium
(223)
”
=y
% 3 158 "3‘ 59, *3 60 *3 161 3 (59 +3 163 ‘3 64 3 [65 *3 166 +3 67 *3 68 *3 69 S 740) *+3| 17 +3
L la Ce” Pr Nd Pm Sm Eu” Gd Tb By EHOo BEr Bim BYD FEU
Lanthanum Cerium Praseodymium Neodynium  Promethium Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
138.9054 140116 140.9076 144.242 (145) 150.36 151.964 157.25 158.9253 162.500 164.9303 167.259 168.9342 173.054 174.9668

actinoids

otactinium
231.0358 &8
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lonization Energy

lonization energy
Based on what we just learned, from which element will it be the hardest
to take an electron away?
Fluorine
From which element will it be the easiest?

Francium
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In general, ionization energy also increases as you go up and to the right on the
periodic table. Unlike electronegativity, we DO include noble gases.



You'll notice that this trend is the opposite of atomic radius. \Why?

It's more difficult to remove an electron when an atom is smaller
because the electron is closer to the atom’s positively-charged
protons in its nucleus.



Exceptions

There are some exceptions to the general trend for ionization energy. For

example, N has a higher ionization energy than O, even though O is
more electronegative (“thirstier for electrons”) than N.

The same thing is true of Be. It has a higher ionization energy than B,
even though B is to the right of Be.

Why? To explain this, I’'m going to take you to the board.



Successive lonization Energy

Believe it or not, it's possible to remove more than one electron from atoms. An atom’s
first ionization energy is the amount energy required to remove its first electron;
second ionization energy is the amount energy required to remove its second
electron; and so forth.

Is an atom’s first ionization energy larger than its second? Or is it the other way
around? What about its third?

Each successive ionization energy (first, then second, then third, etc.) is larger than
the previous one. So an atom’s first ionization energy is smaller than its second;
second is smaller than its third; and so on.

Once an atom “feels” like a noble gas, the ionization energy after that is REALLY big.
Why? Because it feels like a noble gas! Once there, it doesn’'t want to lose more
electrons.
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Sodium Magnesium minium Silicon Phosphorus Sulfer Chlorine ' Argon
22.98976 24.3050 26.98153 28.0855 30.97696 32.065 35453 39.948

Successive lonization energies in kdJ/mol:

| 11,577

4356 | 16,091
4964 6274 | 21.267
4556 7004 8496




Example Question

Why is the third ionization energy for Mg so high”?
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Electron Affinity

In a prior video, | taught you that ionization energy is the amount of
energy required to remove one or more electrons from an atom.
explained that even for elements like Na, which really want to get rid of
their outermost valence electron, it still takes energy (ionization energy)
to remove that electron.

If removing electrons costs energy, than adding electrons should produce
energy. And indeed, that is generally the case. The energy produced (or
given off) when an atom accepts an electron is called its electron affinity.

Electron affinity, then, is the opposite of ionization energy.




Electron Affinity
For example, adding an electron to a sulfur atom gives off energy, like this:
Sy + e 2 S AE = -200kJ/mole

The negative AE means that energy is given off (produced) by this
reaction, so the reaction is exothermic. The more negative the AE, the
more favorable the reaction.
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Electron affinity foIIows the same general trend as electronegatlwty |t generally
becomes larger and more negative (more energetically favorable) as we go up and to
the right alcali metals ’transitionmetals .post-transitionmetals ' noble gases 'actinoids
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There is one slight difference, however. Unlike electronegativity, Cl (not F) has the

highest electron affinity. Thus, atoms’ electron affinity increases as we go to the
right and up toward CI. You do NOT have to know why.

actinoids



As you might guess, the noble gases are excluded from this trend. They
already have a full octet, so they don’t want any more electrons.

Chlorine, of course, only needs one electron to have a full octet. It really

“‘wants” one electron, so if you give it one, it releases a lot of energy

because obtaining that one electron makes it feel like Ar, the nearest noble
gas.



Electron Affinity

Be doesn’t want to gain an electron or lose an electron, because it has a filled 2s
subshell. So Be’s electron affinity is around zero.

Similarly, N doesn’t want to gain or lose an electron, because it has a half-filled 2p
subshell, with all its 2p electrons unpaired. So N's electron affinity is also around
Zero.
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