The Periodic Table and Periodic Trends

The properties of the elements exhibit trends and
these trends can be predicted with the help of the
periodic table. They can also be explained and
understood by analyzing the electron
configurations of the elements. This is because,
elements tend to gain or lose valence electrons to
achieve the stable octet formation.



Across the Periodic Table

Periods: Are arranged horizontally across the periodic

table (rows 1-7)

These elements have the same number of valence shells.
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Down the Periodic Table

Family or Group: arranged vertically down the periodic table
(columns or groups 1- 18)

The elements in each group have the same number of electrons in
the outermost energy level, the valence shell.
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The Periodic Law

How iIs the modern periodic table organized?

* In the modern periodic table, elements are arranged
In order of increasing atomic number (since there
were problems with Mendeleev’s method).
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The Periodic Law

The periodic law: When elements are
arranged in order of increasing atomic
number, there is a periodic repetition of
their physical and chemical properties.

—The properties of the elements within a period
change as you move across a period from left
to right.

—The pattern of properties within a period
repeats as you move from one period to the
next.
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Metals, Nonmetals, and Metalloids
Metals

 good conductors of heat and electric current.
*80% of elements are metals.

*Metals have a high lustre, are ductile and malleable.
*Most are grey/silver
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- stlver, lustrous,
malleable, ductile,
and good conductors
of heat and
electricity.



Metals

« Tend to lose electrons to form
compounds.

» Compounds formed between metals
and nonmetals tend to be ionic.

» Metal oxides (metals reacted with
oxygen) tend to be basic.
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Metals, Nonmetals, and Metalloids
—Nonmetals

In general, nonmetals are poor conductors of heat and electric
current.

*Most nonmetals are gases at room temperature.

*\/arious colours and brittle

A few nonmetals are solids, such as sulfur and phosphorus.
*One nonmetal, bromine, is a dark-red liquid.
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Nonmetals

 Dull, brittle substances
that are poor conductors
of heat and electricity.

« Tend to gain electrons
In reactions with
metals to acquire noble
gas configuration.




Nonmetals

 Substances containing
only nonmetals are
molecular compounds.

« Most nonmetal
oxides (non-metal
reacted with oxygen)
are acidic.




Metals, Nonmetals, and Metalloids

—Metalloids

A metalloid generally has properties that are in-between metals
and nonmetals.

Solids, shiny or dull, semi-conductors, brittle and not ductile

*The behavior of a metalloid can be controlled by changing
conditions.
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Metalloids

 Have some
characteristics of
metals, some of
nonmetals.

« For instance, silicon
looks shiny, but is
brittle and fairly poor
conductor.




Metals, Nonmetals, and Metalloids Examples and Uses

Copper (Cu)

Copper is ductile and second
to only silver as a conductor
of electric current. The copper
used in electrical cables must
be 99.99% pure.

Iron (Fe)
The Gateway Arch in St. Louis,
Missouri, is covered in stainless
steel containing iron and two
other metals, chromium (Cr)
and nickel (Ni). The steel is
shiny, malleable, and strong.
It also resists rusting.

Aluminum (Al)

Aluminum is one of the metals that
can be shaped into a thin sheet, or
foil. To qualify as a foil, a metal must
be no thicker than about 0.15 mm.

susen



Metals, Nonmetals, and Metalloids Examples and Uses

 |f a small amount of boron i1s mixed with silicon, the
mixture Is a good conductor of electric current.
Silicon can be cut into wafers, and used to make
computer chips.




Squares In the Periodic Table

 The periodic table displays the symbols and names
of the elements, along with information about the
structure of their atoms.

Atomic number
'TT §:|E|ECTFDHS in each

energy level

1
N a —Element symbol

Sodium——Element name
22.990,

Average
atomic mass



Groups or Families

« Elements In the same column
(group) have similar properties



Alkali Metals (Group 1)

Soft and reactive solids.

Highly reactive with
water and air(oxygen)

Silver-coloured with
metallic properties

Name comes from Arabic
word for ashes.

Have one valence
electron

Form +1 1ons




Alkall Metals

 Alkali metals (except L1I) react with oxygen to
form peroxides.

» K, RDb, and Cs also form superoxides:
K+0O, > KO,
 Produce bright colors when placed in flame.




Alkaline Earth Metals (Group 2)

Electron Melting

Density

Atomic

Element Configuration Point (°C) (g/cm®) Radius (A) (k]/mol)
Beryllium [He]2s? 1287 1.85 0.90 899
Magnesium [Ne]3s? 650 1.74 1.30 738
Calcium [Ar]4s? 842 1.55 1.74 590
Strontium [Kr]5s? 777 2.63 1.92 549
Barium [Xe]6s? 727 3.51 1.98 503

« Have higher densities and melting points than alkali

metals.

 Light, solid and reactive metals.
« Have 2 valence electrons and form +2 ions
« Have low Ionization energies, but not as low as alkali

metals.



Alkaline Earth Metals

« Be does not react with
water, Mg reacts only
with steam, but others
react readily with
water.

» Reactivity tends to
Increase as go down

group.




Group 17: Halogens
Electron Melting Atomic I
Element Configuration Point (°C) Density Radius (A) (kJ/mol)
Fluorine [He]2s%2p° —220 1.69 g/L 0.71 1681
Chlorine [Ne]3s23p° -102 3.21 g/L 0.99 1251
Bromine [Ar]3d104s%4p° -7.3 3.12 g/cm’® 1.14 1140
Todine [Kr]4d'05s%5p° 114 4.94 g/cm® 1.33 1008

 Solid, liquid or gas

 Non-metallic, not lustrous, nonconductors and

very reactive
e Have 7 valence electrons and form -1 ions

« Name comes from the Greek halos and gennao:

“salt formers”



Group 17: Halogens

 Large, negative electron
affinities
— Therefore, tend to oxidize other
elements easily
 React directly with metals to
form metal halides

e Chlorine added to water
supplies to serve as
disinfectant

k



Group 18: Noble Gases

Electron Boiling Density Atomic I
Element Configuration Point (K) (g/L) Radius* (A) (kJ/mol)
Helium 152 4.2 0.18 0.32 2372
Neon [He]2s%2p® 71 0.90 0.69 2081
Argon [Ne]3s%3p° 87.3 1.78 0.97 1521
Krypton [Ar]3d'04s24p° 120 3.75 1.10 1351
Xenon [Kr]4d'°55%5p° 165 5.90 1.30 1170
Radon [Xeldf1454%s%6p°% 211 9.73 1.45 1037

*Only the heaviest of the noble-gas elements form chemical compounds. Thus, the atomic radii for the lighter noble-gas ele-
ments are estimated values.

» (Gases, low melting and boiling points, nonreactive
» Have 8 valence electrons and rarely form ions
Astronomical ionization energies

Positive electron affinities
— Therefore, relatively unreactive

Monatomic gases



Group 18: Noble Gases

« Xe forms three
compounds:
— XeF,
— XeF, (at right)
— XeFg

« Kr forms only one stable
compound:
— KrF,

* The unstable HArF was
synthesized in 2000.
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Representative Elements — Examples and Uses

Magnesium This magnified view of
a leaf shows the green structures
where light energy is changed into
chemical energy. The compound
chlorophyll, which contains
magnesium, absorbs the light.
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Sodium When salt lakes
evaporate, they form salt
pans like this one in Death
Valley, California. The main
salt in a salt pan is

sodium chloride.




Representative Elements
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of arsenic and sulfur.
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Sulfur These scientists are
sampling gases being released
from a volcano through a vent
called a fumarole. The yellow
substance is sulfur.




Periodic Trends

*You will learn
how properties
(such as atomic

size) are related to [] | N
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Orbitals in Multielectron Atoms
Electrons are attracted to the nucleus but also repelled
by each other.

Repulsion from other electrons reduces the attraction
to the nucleus and this iIs called the shielding or
screening effect. It increases as you go down a group.

The attraction the electrons have for the nucleus is the
nuclear charge. It increases as you go from left to
right across a row.

Effective nuclear charge: the net nuclear charge felt
by an electron after shielding from other electrons in
the atom is taken into account.



ALL Periodic Table Trends

* Influenced by three factors:

1. Energy Level - higher energy levels
are further away from the nucleus. Less

pull on outer electrons.
2. Charge on nucleus (# protons)

—More charge pulls electrons in closer.
(+ and — attract each other)

3. Shielding effect — more levels of
electrons repel and reduce pull on outer
electrons.




What do they influence?
»Enerqy levels and Shielding have

an effect on the GROUP ()

» Nuclear charge has an effect on a

PERIOD ([ ))




1, ATOMIC RADIUS/SIZE

» the radius of an atom (size)




Trends In Atomic Size

 The atomic radius is one half of the distance between
the nuclel of two atoms of the same element when the
atoms are joined.

* In general, atomic size increases from top to
bottom within a group and decreases from left
to right across a period.

Distance between nuclei

wor @ D D
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Hydrogen (Hj) Oxygen (O3) Nitrogen (Ny)

- 30 pm 66 pm 70 pm

Ve ®» @ @

Atomic radius Fluorine (F5) Chlorine (Cl,) Bromine (Brjy) lodine (ly)
62 pm 102 pm 120 pm 140 pm




Trends In Atomic Size

Largest atomic species

3
are those found in the 12
bottom left corner € o
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Atomic Radius

« Atomic radii actually
decrease across a row in
the periodic table, due to
an increase in the
nuclear charge.

« Within each group
(vertical column), the
atomic radius tends to
Increase with the period
number. Not only Is
there an additional
energy level but the
shielding effect
Increases.

Atomic Radii for Main Group
Elements
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Atomic Size - Group trends

AS we Increase the
atomic number while
going down a group...

each atom has another
energy level PLUS
more shielding

so the atoms get

bigger.




Atomic Size - Period Trends

Going from left to right across a period, the size

gets smaller.

Electrons are in the same enerqgy level.

But, there i1s more nuclear charge (more protons).
Outermost electrons are pulled closer.

Na Mg Al SI P S ClAr



Atomic radius (pm)
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Trends 1n Atomic Size

Atomic Radius Versus Atomic Number
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Size generally increases

Trends in Atomic Size

Trends in Atomic Size

Size generally decreases
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2. Trends in lonization Energy

The energy required to remove an electron from
the ground state of a gaseous atom or ion is
called ionization energy.

—The energy required to remove the first
electron from an atom is called the first
lonization energy.

—The energy required to remove an electron
from an 1on with a 1+ charge is called the
second lonization energy.

—1.e. Second Ionization energy Is that energy
required to remove the second electron, etc.



lonization Energy

* [t requires more energy to remove each successive
electron.

 When all valence electrons have been removed, the
lonization energy takes a qguantum leap.

Element I I, I3 I I Ig I
Na 495 4562 (inner-shell electrons)
Mg 738 1451 7733
Al 578 1817 2745 14 577
Si 786 1877 3232 4356 16,091
1012 1907 2914 4964 6274 21,267
5 1000 2252 3357 4556 7004 8496 27,107
cl 1251 2298 3822 5159 6542 9362 11,018

Ar 1521 2666 3931 5771 7238 8781 11,995



Symbol First Second Third
- 1312 Why did these values
_He 2731 5247 increase SO much?
i 520 | (729D* 11810 /
Be 900 1757 (148400 __
B 800 2430 3569
C 1086 2352 4619
N 1402 2857 4577
O 1314 3391 5301
= 1681 3375 6045
Ne 2080 3963 6276




Trends In lonization Energy

Group and Periodic Trends in lonization Energy

e First ionization energy tends to decrease
from top to bottom within a group and
Increase from left to right across a period.



Ionization energy (kJ/mol)
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Trends In First lonization Energies

» As one goes down a
column, less energy Is
required to remove the first
electron.

— For atoms in the same
group, the effective
nuclear charge is
essentially the same, but
the valence electrons are
farther from the nucleus;
therefore more shielding.



Trends In First lonization Energies

« Generally, as one goes
across a row, It gets
harder to remove an
electron.

— As you go from left to
right, the nuclear
charge increases, thus

holding the electrons
more tightly

2500

2000

—
€]
-
(@)

1000

First ionization energy (kJ/mol)

500

Xe

10

20

30
Atomic number

40

50




lonization energy (kJ/mol)

Trend In lonization Energy

lonization energy:

Largest toward top right corner of
Periodic Table since these atoms hold ;
onto their valence e- the tightest.
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First ionization energy (kJ/mol)
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First lonization Energy Versus Atomic Number
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Energy generally decreases

Trends in lonization Energy

Trends in First lonization Energy
Energy generally increases
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3. Trends In lonic Size

 During reactions between metals and
nonmetals, metal atoms tend to lose
electrons, and nonmetal atoms tend to gain
electrons. The transfer has a predictable
effect on the size of the ions that form.

 Cations are always smaller than the atoms
from which they form. Anions are always
larger than the atoms from which they form.




Positive and negative ions form when
electrons are transferred between atoms.

Forming a cation

Lose one electron
—le"

‘ Nucleus
\ Mmp*
| 12n°
Nucleus

p : >
n® 10

1Me”

. . +
Sodium atom (Na) Sodium ion (Na ™)



Nucleus
17p*
18 n°

Chlorine atom (Cl)

Forming an Anion

Gain one electron
+le

Nucleus
17 pF
18 n°

v

Chloride ion (Cl ™)



Trends in lonic Size

e Relative Sizes of Some Atoms and lons
Group 1A Group 7A




lon Group trends
 Each step down a

.1_|_
group Is adding an = 14
energy level N|?1+
» lons therefore get S+

bigger as you go

down, because of the Cslt
.. S

additional energy

level.




lon Period Trends
 Across the period from left to right, the

nuclear charge increases - so they get
smaller.

 Notice the energy level changes
between anions and cations.

|il+ B3+

@ o o -
Bez+ C4+




Sizes of lons

Group 1A Group 2A Group 3A Group 6A Group 7A
feit 0 Li Be2+“ Be 0*” ’F‘ o Ioni C Si 7@
068 © 134 031 090 023 082 073 l 140 071 depends upon.
W — Nuclear charge.

0 ’ ’ — Number of
electrons.

0.97 1.54 0.66 1.30 051 1.18 1.84 0.99
) — Orbitals in

e which electrons
0 0 0 ’ reside.
0.6 198 1.1

1.26 96

PREE K




Sizes of lons

Group 1A Group 2A Group 3A
Be B B

Li* 0 Li Be2+0 0
0.68 134 031 090 023 0.82 ° Catlons are
smaller than

Na®  Na Mg"" Mg AP Al their parent
0 0 0 atoms.
097 154 066 130 051 1.18
— The outermost
K K G Ca Ga*" Ga electron is
“ 0 0 removed and
133 7 196 099 174 062 1.26 repUISIOnS are
reduced.
Rb* ., Rb  Sr** Sr
1.47 uz.u 1.13 sz




Sizes of lons

Group 6A Group 7A

O O E F~
\’ ’ » Anions are

0.73 1.40 0.71 1.33
larger than
their parent
atoms.

— Electrons are
added and

S I g I Cl™
1.02 1.84 0.99 1.81
Se Se“™ Br Br~
| | repulsions are
Increased.
1.16 198 1.14 1.96
Te lTe2 I I I
1.35 221 1.33 2.20

2 —



Sizes of lons

Group 3A
B3 + B

)

) _ 0.23 0.82
 |ons increase In
Size as you go

down a column. 0

051 1.18

APRY Al

Ga®* Ga

0.81 1.44



Sizes of lons

e |soelectronic means that ions have the same
number of electrons. See the following examples.

* |lonic size decreases with an increasing nuclear

charge.

Group 1A Group 2A Group 3A Group 6A Group 7A
Li* . Li Be*™  Be B3+ F~
\ R ’ -'

0.68 1.34 031 090 0.23 O 82 0.71



Size of Isoelectronic lons?
» Positive 1ons that have more protons would
be smaller (more protons would pull the
same # of electrons in closer)

_ NS
oY
A|3+ Na1+ Ne Fl

Mg2?



Size generally increases

Trends In lonic Size
-  —

Size of cations decreases Size of anions decreases



4. Trends In Electronegativity

Electronegativity is the ability of an atom of an
element to attract electrons when the atom is In
a compound (i.e bonded).

 They share the electron, but how equally do they
share It?

« An element with a big electronegativity means it
pulls the electron towards itself strongly!

 |n general, electronegativity values decrease from
top to bottom within a group. The values tend to
Increase from left to right across a period.



Electronegativity Group Trend

 The further down a group, the
farther the electron Is away
from the nucleus, plus the more
electrons an atom has.

 Thus, more willing to share.
 Low electronegativity.



Electronegativity Period Trend

» Metals are at the left of the table.

* They let their electrons go easily

» Thus, low electronegativity

» At the right side are the nonmetals.

* They want more electrons.
» Try to take them away from others
» High electronegativity.




Trends In Electronegativity

Table 6.2
Electronegativity Values for Selected Elements

Li Be B C N 0
1.0 1.5 2.0 2.5 3.0 3.5 4.0
Na Mg Al Si P S Cl
0.9 1.2 15 1.8 2.1 2.5 3.0
K Ca Ga Ge As Se Br
0.8 1.0 1.6 1.8 2.0 2.4 2.8
Rb Sr In Sn Sh Te I
0.8 1.0 1.7 1.8 1.9 2.1 2.5
Cs Ba TI Pb Bi
0.7 0.9 1.8 1.9 1.9




5. Trend In Electron Affinity

Electron Affinity:

The energy
released when an
electron iIs added

to a gaseous atom.

Most favorable
toward top right
corner of Periodic
Table since these
atoms have a great
affinity for e-.

Cl+e > CI~

H He
73 =0
Li Be N O F Ne
—60 =0 =0 -141 | =328 >0
Na M& | S Cl Ar
53 s —72 | =200 | -349 =0
K Ca As Se Br Kr
-48 —4 -78 | —195 | —325 =0
Rb Sr Sb Te I Xe
T =11 -103 | =190 | -295 =0
1A 24 5A BA TA 8A




Trends In Electron Affinity

H He
—73 =0
Li Be B C N (@) F Ne
—60 —27 B > () | —141|—3281 =0
Na | Mg Al | Si P S | Cl1 | Ar
—53 —43 . —72 | —200( —349) =0
K Ca Ga | Ge | As | Se Br Kr
—48 —30 S —78 | —195| —3251 =0
Rb | Sr In | Sn | Sb | Te I Xe
—47 =S —30 i —103|—190| —2951 =0
1A 2A 3A 4A 5A 6A 7A 8A

In general, electron
affinity increases and
becomes more
exothermic as you go
from left to right
across a row. It also
Increases and becomes
more exothermic as
you go up the groups
(from bottom to top).



6. Metallic Character

 This Is simply a relative measure of how
easily atoms

* The most metallic elements (the ones that
give up electrons the easiest) are found In
the bottom left corner of the periodic table.

Nonmetals

18
13 14 15 \16 17
Metals
5 6/7 8 9 10 11 11~ \

Metalloids



Properties of Metal, Nonmetals,
and Metalloids

Increasing metallic character

—
>
4

8A
1 18
3y }1{ 2A 3A  4A 5A 6A T7A 2
*g 2 13 14 15 16 17 | He
=] 3 4 5 6 7 8 9 10
i Li Be B C N O E Ne
o
o 11| 12 | 38 4B 58 6B 7B i B 28| 13|14 [15[ 161718
= Na | Mg | 3 4 5 6 7 8 9 10\ 11 12 | Al ] Si| P | S | Cl|Ar
k) 19 | 20 | 21 || 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 [WSZEEE SN 34NN35NIN56
& K |[Ca|Sc|Ti| V | Cr|Mn|Fe |Co|Ni|[Cu|Zn|Ga|Ge| As | Se | Br | Kr
%0 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 [ 50 | 51 | 52 | 53 | 54
i Rb [ Sr | Y | Zr |[Nb | Mo | Tc [ Ru | Rh | Pd | Ag [ Cd | In | Sn | Sb | Te I Xe
S 55 ||l 56 71172 | 73 |74 | 75 | 76 | 77 | 78 | 79 | 80 | 81 | 8 | 8 | 84 | 8 | 86
‘g Cs |Ba||Lu| Hf | Ta| W |Re |Os | Ir | Pt |Au |[Hg | TI | Pb | Bi | Po | At | Rn
= 87 | 88 103 | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116
Y | Fr [Ra||Lr| Rf [ Db | Sg | Bh | Hs | Mt
NGsEal 57 | 58 | 59 | 60 [ 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70
el La | Ce | Pr [Nd |[Pm |Sm | Eu ([Gd [ Tb | Dy | Ho | Er [ Tm | Yb
Metalloid 8 |90 |F91 | 92 | 93 | 94 | 95 (| 9 | 97 | 98 | 99 | 100 | 101 | 102
ctalloldS | Ac | Th | Pa| U | Np | Pu [Am [Cm | Bk | Cf | Es | Fm | Md | No
Nonmetals




Review of Metals versus Nonmetals

Metals Nonmetals

Have a shiny luster; various colors, although most are silvery Do not have a luster; various colors

Solids are malleable and ductile Solids are usually brittle; some are hard, some are soft

Good conductors of heat and electricity Poor conductors of heat and electricity

Most metal oxides are ionic solids that are basic Most nonmetal oxides are molecular substances that form
acidic solutions

Tend to form cations in aqueous solution Tend to form anions or oxyanions in aqueous solution

Differences between metals and nonmetals tend to
revolve around these properties.



Metals versus Nonmetals

Metals tend to form cations.
Nonmetals tend to form anions.

1A 7A  8A

H H
2A 3A 4A 5A 6A N
Lit N o | F | ©
B
Nat Mg2+ Transition metals NER P3- (s> |- E

Fe?" (@
- 2+ 3+ 2+ 2+ [ \pi2+ 2+ 2— -1 G
K™ |Ca Cr’" [Mn Fe3+ Co”" |Ni Cut /n Se Br A
S
Rb* | Sr2* Ag* |Cd?* Sn2* e N
S
+ 2+
Cst | Ba?* Pt2* i‘} E§§+ Pb2* | Bi®*




Summary of Trends

« What is the underlying cause of periodic
trends?

— The trends that exist among these
properties can be explained by
variations in atomic structure, nuclear
charge and shielding effect...

In your notebook, you should have a periodic table with all of
the trends described: atomic size, ionization energy, ionic
size, eletronegativity, electron affinity, metallic properties.
See the following three examples:



Summary of Periodic Trends

Increasing electron affinity

Increasing ionization energy
Decreasing atomic radius

Increasing nonmetallic character and electronegativity

Decreasing metallic character

Metals Nonmetals
A
Metalloids
H\ Most /
Most nonmetallic
metallic element

element

i

Decreasing ionization energy
Increasing atomic radius

Decreasing electronegativity

Increasing metallic character
Decreasing electron affinity



Summary of Periodic Trends, v.2

Electronegativity and Electron affinity increases

metallic properties decrease

—_—

U0

UOLIES

Periodic Table
of
The Elements

Ud

ISLAIDAD S216.13

—

atomic numbers mncrease

metallic properties increase
ISLAIDUT SIaquunu druoje
sasealdap Allulyje uoayds|3 7 AliAnebauoa1d9|3

lomsation energies mncrease



Simplified Version

Metallic character

lonic Size
I— Atomic size Decrease along a period >
% lonization Energy
4 Electron Affinity |/ncrease along a period
2 Elecfronegafivity
5
T :
-~ 2
v
o
: 83
0 W
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