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Learning Objectives

By completing this tutorial you will learn...
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The organization of the
periodic table.

e |
" Ru [Rh |/l

B How properties of an
element can be
determined from trends of
the periodic table.

B How electronegativity,
ionization energy, electron
affinity relate to atomic
radii.

B How ionic radii relates to

atomic radii.
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tory of the
lodic Table

5/52 41:

ent of the Modern Table

Scientists went through many revisions to arrive at
the current Periodic Table.
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a Definition: Periodic Table

Periodic Table — A tool used
by chemists. Organizes the
elements and provides
information about them.

Elements are organized by
increasing order of atomic
number.

The atomic number is the
number of protons and
determines the identity of

the atom.
8/52
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a Groups and Periods

The periodic table is organized by:

Groups
Columns are called
Periods = “groups” or “families” .
Rows are called 1| H|m fith, B b B0 S e
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9/52 "ﬂ

a Information for Each Element

Most periodic tables give the following information,
but it can be in a different location.

Atomic Number
Whole number—
elements are ordered
7/ by this on the
periodic table.

Element Symbol e 12

If there’s a second \.

letter, it's lower- C

case. Cal‘bO N ———= Element Name

Atomic Mass —T 1201

Number with decimals.
Give the mass for 1 mole

of atoms.
10/52 L
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Metals and Non-Metals

The stair-step separates the metals & non-metals.
Metalloids touch the stair-step.

Most active
non-metals

|:| Metals
I:I Metaloids
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Properties of Metals and Non-Metals

There are several characteristics of each type of
element:

Non-Metals Metalloids

High electrical Low electrical

conductivity conductivity Have
High melting Low melting EE)C':E?]:Z?:I?
points points and non-
metals
Malleable & .
. Brittle
ductile
12/52 ¢
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_ ]
(¥ How to Memorize

the Elements 1-20

13/52 “ﬂ

Mnemonic for the First 20 Elements

1a VIIIA

[T | X

1 1H 1A A IVaA VA  VIA VIIA QHC
N RS T10E1 | 1ot | 1aor || 15see | tease | aam

SLii|H B S5 | B | P | A | P R || il
EaE vIIB TR | G | s | ik | e | A |

ool obg| mB IVE VB VI VIE ——eme—— I8 OB | A1) 31| WP 8] GCT LAY
TAUA | A0S | k96 | 47g | Ssd | SZO0 | S4od | Shes | Sas9 | Saee | 6ASd6 | a3E | GRU2 | 749 | 452 | 7ee6 | owe0d | @l
w202 2B | 211 | &V | 4O | Mo JFe | Q00| M| 00| 420 | 40a| ,.Ge| zhs| 43| LBr| JAr
(5547 | o7ea | sesl | 9lam | wesl | e | % | LOLL | 1029l | 1064 | 10787 | Lizdl | ll4se | Llaes | Ld7s | 12n60 | 12690 | L@

ARl | L8 | LY | g2r | oMbl oMo| JTe| Ful| Eh| Pd| ag| Cd| Jn| 80| 286 JTe| I | oXe

13291 | 13733 | 13861 | 17249 | la095 | 1a3.65 | le6z | 1902 | 1522 | 19505 | 19657 | Q099 | 20435 | a0m2 | 2R96 | () | (@0 | (@@

208 | o83 | gla | GHE | T3 | W | gRe| w0s| LIt | GPt| gau| JHe| JT1| Pb| oBi| Po| At FEn

() | wew | wrm

«Ff | GRd| Ac
[Happy Hehry, The [Little[Eehch Bloy, CaN|dD]FINE]
[Ndughty [Me[dan, the Alpine

[Siister, Pretends to [Ski at Cahyon

14/52 “'U

=1 v th A Wk

© Rapid Learning Inc. All rights reserved. :: http://www.RapidLearningCenter.com 7



High School Chemistry Rapid Learning Series - 14

Periodicity

15/52 ‘4’1

Q Definition: Periodicity

Periodicity of the Periodic Table —
The predictable pattern by which
properties of elements change
across or down the periodic table.

There are always exceptions
to these periodicity trends...
each of the trends is a
“general” trend as you move
across a period or down a

group.

16/52 ‘4’1
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Atomic Mass

17/52 q)I

Q Definition: Atomic Mass

Atomic Mass — the mass in grams for
6.02 x 1023 atoms. Found on the
periodic table.

18/52 “{’I
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Atomic Mass Trends

In general, the atomic mass:

»

» |ncreases

4 I
[1oa | [Teom |
1] H|na ma IVA VA YA vIA| e
.1 EH 108l | 12001 | 14007 | 1598 | 18966 | 20179
2 | ,Li| Be B O | M| 0| LF | e
Toen | wIE - T | T | e | 9205 | 984S | ST
3 |uNa| Mg B IVE ¥B VIB VB e, B LB | sAl| o851 GP | 8| 5Ol Ar
e | A0 | Woe | & | SOw | 52w | S | = | =0 | B | 65E | £ | &R | 55 | A% | ww | w58
4 | K| uCa| 2S¢ oTi | oV | WCr [uMn| oFe | JCo| JHi| J0u| W20 oGa| Ge| JAs| ,Se| oBr| JKr
w0 | we | A | R | %A | mW | 9 | 01 | Tew | 1me | 10 | Rl | NiE | e | AR | 15 | 10 | S
v 5 | 4Rb| Sr| ¥ | JZr| JNB| Mol JTe| JRu| Rh| ,Pd| as] 0d| on| 80| 286 oTe| oI | 4Xe
13291 | 13733 | 13381 | 17845 | la085 | 1385 | 1862 1502 1822 | 19605 | 19657 | 2055 | 433 | 2002 | MR | (244 a0 a2
|I’]CI‘€&S€S 6 | .Cs|Ba|ola|Hf| ,,Ta| W | gRe| »0s| i | JPt|4u| He| oT| Pb| .Bi| ,Po| LAt| oRn
(E@y | wew | 2w
T | oFr | JRd| GAe
14012 | 1405077 | 1ddd | (145 15036 | 15196 | 1575 | 15899 [ L6x30 | 16493 [ 167026 [ 16359 | 1T304 | 17457
Lanthandde Sevies | Ce| gPr | JNd | Pm| oSm| gBu | 4Cd| £Tb | 4Dv¥| oHo| Er | oTm| o7k | nLu
Do (TLE5R| D@ | DTS | (2 (a3 T [l L=t k=1 fe=u3 = = 26
Actinide feres | Th| ,Pa| U | Np| Pu|Am| Cm|, Bk| Cf| JEs | Fm| Md Nol Lr
19/52 @

Atomic Mass Trends Reasoning

Why does atomic mass increase across a period?

Moving left to right, the number of protons, neutrons and
electrons all increase.
More subatomic particles leads to higher mass.

Why does atomic mass increase down a group?

For the same reason as above!

Move across the
periodic table

Mass increases

v

Lithium atom Beryllium atom .
20/52

© Rapid Learning Inc. All rights reserved. :: http://www.RapidLearningCenter.com 10



High School Chemistry Rapid Learning Series - 14

- >
- Atomic Radii )

Y

21/52 ‘4’1

a Definition: Atomic Radius

Atomic Radius — Half of the distance
between the nuclei of two bonded
atoms.

Distance between nuclei

Atomic radius of hydrogen atom

22/52 Ql
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Atomic Radii Trends

In general, atomic radii:

»
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Atomic Radii Trends Reasoning, Part 1

Why does atomic radii decrease across a period?
Moving left to right, the number of protons, neutrons and
electrons all increase.

Move across the
periodic table

Radius decreases

v

Lithium atom Beryllium atom

As the # of protons and electrons increase, the attraction
between the positive nucleus and negative electron cloud
increases.

This attraction “pulls” in on the electrons.
24/52
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Atomic Radii Trends Reasoning, Part 2

Why does atomic radii increase down a group?
Protons, neutrons and electrons are also added as you
move down a group.

Move down the
periodic table

»
>

Radius increases

Lithium atom

Sodium atom

However, the electrons are added in new energy levels.

The inner electrons “shield” the new outer electrons from the
25/52 pull of the nucleus, therefore it doesn’t pull in like the last slide

- Electronegativity

26/52 4’1
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Q Definition: Electronegativity

Electronegativity — The pull an atom
has on the electrons it shares in a
bond with another atom.

27/52 QI

Electronegativity Trends

In general, electronegativity:

»

» |ncreases
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Electronegativity Trends Reasoning - 1
Why does electronegativity increase across a
period?

Moving left to right, the radius of the atom decreases as
more protons pull on more electrons.

Move across the
periodic table

v

Radius decreases _

»

Electronegativity increases

Lithium atom Beryllium atom

When an atom is smaller, the electrons are closer to the
nucleus, and therefore feel the pull more strongly.

Smaller atoms will have a higher electronegativity.
29/52

Electronegativity Trends Reasoning - 2

Why does electronegativity decrease down a
group?

As you move down a group, the radius increases as more
electrons shells are added.

Move down the

® /® © periodic table

S :

Radius increases

Electronegativity decreases

>

Lithium atom

Sodium atom
As the outer electrons (those involved in bonding) are farther
from the nucleus, they will feel the “pull” of the nucleus less.

B Larger atoms have lower electronegativity.

© Rapid Learning Inc. All rights reserved. :: http://www.RapidLearningCenter.com
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| j:i lonization Energy

31/52 g

a Definition: lonization Energy
lonization energy — The energy
needed to remove the outermost
electron.

32/52 g
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lonization Energy Trends

In general, lonization Energy:

a

» |ncreases

A 4

Decreases

33/52 T ¢

lonization Energy Trends Reasoning, Part 1

Why does lonization Energy increase across a
period?

Moving left to right, the radius of the atom decreases as
more protons pull on more electrons.

Move across the
periodic table

v

Radius decreases

A 4

IE increases

A 4

Lithium atom Beryllium atom

When an atom is smaller, the electrons are closer to the
nucleus, and therefore feel the pull more strongly.

It is harder to pull electrons away from these smaller atoms.

34/52 'QI
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EE It is easier to remove an electron from a larger atom.

Electronegativity Trends Reasoning, Part 2

Why does electronegativity decrease down a
group?

As you move down a group, the radius increases as more
electrons shells are added.

Move down the

® /® © periodic table

S :

Radius increases

|IE decreases

v

Lithium atom

Sodium atom
As the outer electrons (those involved in bonding) are farther

from the nucleus, they will feel the “pull” of the nucleus less.

36/52

- Electron Affinity

© Rapid Learning Inc. All rights reserved. :: http://www.RapidLearningCenter.com
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a Definition: Electron Affinity

Electron Affinity — The energy
released when an electron is added
to an atom.

37/52 b

a Electron Affinity Trends

In general, electron affinity:

»

» |ncreases
1A Vili YILA
H H He
725 | A DA IVA WA WIA | 725 | -
Li Be B v H 0] E e
B4 | = 27 |122.4| 7 |14 [3ma| -
J WNa | Mz &l | & E S| 01| Ar
32 | ° 45 [135.0 | 724 [2025|352.4| -
Decreases E Ca | Ga | Ge | bz | 3e B | Er
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Electron Affinity Trends Reasoning - 1

Why does Electron Affinity increase across a
period?

Moving left to right, the radius of the atom decreases as
more protons pull on more electrons.

Move across the
periodic table

v

Radius decreases

EA increases

Lithium atom Beryllium atom

When an atom is smaller, the electrons are closer to the
nucleus, and therefore feel the pull more strongly.

A smaller atom can handle an extra electron more easily as it
39/52 can be more “controlled” by the closer nucleus. i

Electron Affinity Trends Reasoning - 2

Why does electron affinity decrease down a group?
As you move down a group, the radius increases as more

electrons shells are added.

Move down the

® /@ © periodic table

@ Radius increases

EA decreases

Lithium atom

Sodium atom
As the outer electrons (those involved in bonding) are farther
from the nucleus, they will feel the “pull” of the nucleus less.

P The larger atom is less able to “control” a new electron addedq,lf

© Rapid Learning Inc. All rights reserved. :: http://www.RapidLearningCenter.com 20
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@ lonic Charge & Radii

41/52

Q Definition: lon

lon — Atom with a charge.

Cation — Positively
charged ion. Results
from loss of electrons.

Anion — Negatively
charged ion. Results
from gain of electrons.

42/52
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Predicting lon Charge

Some ion charges can be determined from the
element’s placement on the periodic table.

Periodic Table - Charges of Common lons

Li* |Be* N | o

Na* |Mg?* Al%* p¥ | s*

cr

K* |ca? Zn?* |Ga® Se?

Br-

Rb* | Sr?* Ag* |Cd**

Cs* |Ba?*

Fr* |Ra?

43/52 ¢
lonic Radii - Cations
How does the radius of a cation compare to the
parent atom?
Atoms lose electrons to create positive ions.
Creating a cation,
losing electrons
Radius decreases
Lithium atom Li*ion
When electrons are lost, there are now more protons than
electrons.
Therefore, the protons have a greater “pull” on each of the
44/52 electrons. i
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lonic Radii - Anions

How does the radius of an anion compare to the
parent atom?

Atoms gain electrons to create negative ions.

Creating an anion,
gaining electrons

»

Radius increases

Oxygen atom

When electrons are gained, there are now more electrons than
protons.

Therefore, the protons have a weaker “pull” on each of the
45/52 electrons.

/..--
: Trend Summary and
’ Examples

46152 @
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Summary of Trends

In general:

Atomic Mass: Increases
Atomic Radii: Decreases
Electronegativity: Increases
lonization Energy: Increases
Electron Affinity: Increases

A 4

Atomic Mass: Increases
Atomic Radii: Increases
Electronegativity: Decreases
lonization Energy: Decreases
Electron Affinity: Decreases

Don’t memorize them all... understand the reasoning behind
the atomic radii trend, and know the definitions of the other

. terms...then you can reason out their trends as well. &

Example #1

Example: ListLi, Cs and K in increasing order of:

These elements are in the same group.

A: Atomic radii Radii of the atom
As you move down a group, electron shells are added.
Li<K<Cs This makes a larger atom.

The element at the top will be the smallest.

B: Electronegativity Pull an atom has on electrons it shares in a bond.
As you move down a group, atoms get larger.
Cs <K <Li The larger the atom, the less pull on the electrons.
Smallest atom will have the highest electronegativity.
C: lonization Energy Energy needed to remove the outermost electron.
As you move down a group, atoms get larger.
Cs <K <Li The larger the atom, the less pull on the electrons.
Smallest atom will have the highest ionization energy.
D: Electron Affinity  Energy released when another electron is added.
As you move down a group, atoms get larger.
Cs <K <Li The larger the atom, the less pull on the electrons.
48/52 Smallest atom will have the highest electron affinity. Ql
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le #2

Ca?*<Ca*<Ca

v

Example: Putin order of increasing size: Ca, Ca?* and Ca*.

Cations are formed by removing electrons.

When electrons are removed, there are more protons per electron.
The pull on each electron from the nucleus is now greater.

The cation will be smaller than the parent atom.

3

g Summary
, G

Other periodic trends
(Electronegativity,
lonization Energy

and Electron Affinity)
can be reasoned
through using the
atomic radii trend.

(4

© Rapid Learning Inc. All rights reserved. :: http://www.RapidLearningCenter.com

25



High School Chemistry Rapid Learning Series - 14

2% Congratulations 0

You have successfully completed
the tutorial

Periodic Table and
Chemical Periodicity

Rapid Learning Center

i ‘

apid Learning Center
emistry :: Biology :: Physics :: Math !

What's Next ...
Step 1: Concepts — Core Tutorial (Just Completed)
- Step 2: Practice — Interactive Problem Drill

Step 3: Recap — Super Review Cheat Sheet

Go for it!
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