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Lewis Electron-dot Symbols - A Periodic Trend

G.N. Lewis, at the University of California at Berkeley devised a simple way to understand the nature of
the chemical bond in both ionic and molecular compounds. His method rests upon focusing on the
valence electrons of the elements. He represents these valence electrons as "dots" around the four sides

of the elemental symbol.

Itis the valence electrons (outermost electrons) that are involved in most chemical reactions. Therefore, these
Lewis electron-dot symbols should help us understand the chemical properties of these elements. Recall, for
these representative elements, group number equals the number of valence electrons, except of helium.
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Electron Dot Structure = Group Number = Vaence Electron (outermost)

Lewis Dot Structures
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Outermost valence electrons provide chemical reactivity
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Atomic Structure

Atomic Number: 11

sodium-23
23

llNa

Name:

Symbol:

mass # 23
#p 11
#n 12
#e _11
Electronic

Configuration:

1 28 2ps 35t

Physical Properties:
soft metal,
conducts e-

Chemical

Properties:
reacts w/ H,0O

Lewis Dot:

Nae

Atomic Number: 17
Name:

Symbol:

mass # 35
#p

#n

#e

Electronic

Configuration:

Physical Properties:

Chemical

Properties:

Lewis Dot:

Atomic Number: 12
Name:maJneSi um-24

Symbol: 24
C M

mass # 24

#p 12

#n _12
12

#e
Electronic 132 252 2p6 332

Configuration:

Physical Properties:

ductile metal,
conducts e-

Chemical

Properties:
burnsin O,

Lewis Dot:
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Atomic Number: 8
Name:

Symbol:

mass # 16
#p

#n
#e
Electronic

Configuration:

Physical Properties:

Chemical

Properties:

Lewis Dot:
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Atomic Structure

Atomic Number: 11

sodium-23
23

lll\la

Name:

Symbol:

mass # 23

#p 11
#n 12
#e 11

Electronic

Physical Properties:
soft metal,
conducts e-

Chemical

Properties:

reactsw/ H,O

Lewis Dot:

Nae

Atomic Number: 17

Name: chlorine-35
Symbol: 35
17

mass # 35
#p 17
#n 8
#e 17

Electronic

Physical Properties:

yellow gas,
nonconductor

Chemical

Properties:
reacts w/ Na(s)

Lewis Dot:

*Cle

Configuration: 18?2 2¢? 2p6 3st Configuration: 12 2g? 2p6 32 3p5 L)
Atomic Number: 12 Physical Properties: | Atomic Number: 8 Physical Properties:
NameMagnesium-24 ductilemetal, | . oxygen-16 colorless gas,
24 conducts e- 16 nonconductor
Symbol: Ng Symbol: [e)
12 . 8 .
Chemical Chemical
mass # 24 Properties: mass # 16 Properties:
burnsin O, supports
#p 12 #p 8 busti
compustion
#n 12 #n 8
se 12 Lewis Dot: e 8 Lewis Dot:
o0
Electronic 2 5 ° M g [ Electronic 2 4 ° O °
1?2 282 2pé 32 1 22 2p
e

Configuration:

Configuration:




Atomic Radii Supplemental packet Eage 59
Below is a diagram showing the relative size of atoms. the atoms sizes are in plcometers (1 pm = 1EE-12 m).
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« Two factors must be taken into consideration in explalnlng this periodic trend

(1) Increasing nuclear charge, Z, which is related to the number of increasing protons with a nucleus.
« Along a period (left to right) the the atomic number increases while the valence electrons remain in
the same shell. Thus due to the increasing nuclear charge (pulling electrons closer to the nucleus) the
radii of the atoms decrease left to right.

(2) Increasing number of shells, which is related to increasing principal quantum number n, where an
element’s row number equals its total number of electrons shells.
« Top to bottom along a group the atomic number continues to increase. However the shell increases
from shell 1 to shell 2 etc.. The atomic orbitals for each successive shell get larger and larger - more
than compensating for the increased nuclear charge. The result is atomic radii increase top to bottom
along a group.
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Atomic Radius Variation in the Periodic Table

Z=nuclear charge
Z increases from
left to right
within arow

Note: atomic size
decreases within a
row as Z increases
see graph
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lonic Structure

Atomic Number: 11

sodium-23 ion
lame:
23 1+
Symbol: llNa
mass # 23
#p _11  More protonsthan
#n 12 electrons
#e 10
Electronic
Configuration: ]2 22 2p6 30

Physical Properties:
metal cation
positiveion
heShayoe
Properties:
combines w/
anions

Lewis Dot:

[Na 1+

Atomic Number: 17
Name:

Symbol:

mass # 35
#p

#n

#e

Electronic

Configuration:

Physical Properties:

Chemical

Properties:

Lewis Dot:

Atomic Number: 12
magnesi um-24ion
Name?

24 2+
Symbol: I\/g
mass # 24
#p _ 12 More protons than
#n _ 12 dectrons
we _10
Electronic

1?2 282 2p8 3L

Configuration:

Physical Properties:

metal cation
positiveion

2+ charge
Chemical

Properties:
combines w/

anions

Lewis Dot:

[Mg 2+

Atomic Number: 8
Name:

Symbol:

mass # 16
#p
#n

#e
Electronic

Configuration:

Physical Properties:

Chemical

Properties:

Lewis Dot:
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lonic Structure

Atomic Number: 11

sodium-23ion
ame:
23 1+
Symbol: 11Na
mass # 23
#p _11  Moreprotonsthan
#n 12 electrons
#e 10
Electronic
Configuration: 18?2 2¢? 2p6 30

Physical Properties:
metal cation
positiveion
hbShayoe
Properties:
combines w/
anions

Lewis Dot:

[Na 1+

Atomic Number: 17
chloride-35ion
Name:
35 1-
Symbol: 17C|

mass # 35

#p _ 17

#n 18

#e _ 18 Moreelectronsthan
Electronic protons

Configuration: 12 22 2p6 332 3p6

Physical Propen_'ties:
nonmetal anion

negativeion

1- charge
Chemical

Properties:
combines w/

cations

Lewis Dot:

HE

Atomic Number: 12
magnesium-24 io
Name:

24 2+
Symbol: 2I\/g
mass # 24
#p _ 12 More protons than
#n 12 dlectrons
we 10
Electronic 132 252 2|36 332

Configuration:

Physical Properties:

metal cation
positiveion
2+ charge
Chemical

Properties:
combines w/

anions

Lewis Dot:

[Mg 2+

Atomic Number: 8
Name:0Xygen-16 io

Symbol: 6 2
T o)
mass # 16
#p 8
#n _ 8
#e 10 Moreéelectrons than
Electronic protons

Configuration:

Physical Proper_‘ties:
nonmetal anion
negativeion
2- charge

Chemical

Properties:
combines w/

cations

Lewis Dot:

[ ] L] -
1?2 282 2pé 3&° '.O.']2
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Anions: The reverse occurs when a negative ion is formed by
gaining an electron. The electron added is in the same energy
level as the other valence electrons but the effective nuclear
charge, Z, is lower in comparison to the number of valence
electrons. The attraction of the nucleus for each electron is less

m’ :'Ef.d!h." E.:,,."; “::mm than before and the negative ion has a larger radius than the
neutral atom. Forming -2 and -3 ions increases the size of the
ion even more.

Compare the atomic and ionic radii for these selected atoms.

Cations Anions

Anionsarelarger than cations
=amiliarize your self with theseion trends




Plasmas (hot gaseous ions) - The Fourth State of Matter
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lonization Energy
lonization energy is how much energy it takes to pull an electron away from each atom in the gaseous phase,

loni zation Energy (lE)

ener +
absorbed * WXg » 1X'(g + 10

If we plot these ionization energies versus atomic number the resulting graph below emerges.
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Electron Affinity

El ectron Affinity (EA)

- ener gy
Xg + 10 » 1X (g) * released

Electron affinity is the amount of energy rel eased when
an el ectron is accepted by an atomin the gaseous state

*EA neasures the tendency to gain or retain electrons
*EA for nonnetals are generally negative in nurerical value
«EA for netals are generally nore positive in nunerical value
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Electron Affinity
Electron affinity is, essentially the opposite of the ionization energy: Instead of removing an

electron from the element we add an electron to the element to create an anion.
El ectron Affinity (EA)

ener gy

IXg) + 10 » 1X (g rel eased

Generally, the energy that results from this process (the electron affinity) is negative or close to zero. The
more negative this energy the more this process is favored. In the figure below we see the trends in the
electron affinity for many of the elements.
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Note that the noble gases, alkali metals and alkali earth metals have E.A. close to zero - indicating that these
groups of elements do not particularly like to become anions. However, the nonmetals and especially the
halogens are highly negative and thus readily become anions. A periodic trend is evident, as was the case for
the ionization energy. This periodic trend can be understood as a reflection of the underlying periodicity in
the electronic configuration of the elements
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Electronegativity FONCIBrI SCH

Electronegativity, EN, is an index that tells the relative attraction an element has for electrons in
a bond. Electronegativity has a high value of 4.0 for F, fluorine. The lowest electronegativity
value is about 0.7 for Cs, cesium. The table below shows the nonmetals have relatively high
electronegativities. The metals have relatively low electronegativities. The electronegativities
follow the same trends as ionization energies. The rare gases generally are not tabulated for EN
values. The takehome messages is that do not need to remember electonegativity values only
this trend for increasing EN for these nonmetals.

F>O>N>CI>Br>1>S>C>H

Electronegativity

nonmetals (FONCI BrISCH)

A small differencein electronegativity indexes affords covalent bonding (nonmetal & nonmetal)

ELECTRONEGATIYITY
A large difference in electronegativity indexes affords ionic bonding (metal & nonmetal)
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Section 6.2 - Covaent Bonds & Electron-Dot Formulas

1) Covaent compounds consist of nonmetals (e.g., FON Cl Br1 SCH)
2) Unlikeionic salts, covalent compounds share el ectrons between atoms
to achieve extra stability associated with 8 valence electrons.
Bohr Models
x .f-\/ ) ! ) !'ll-.l

| | & 4 ;
v '\'\mutual sharing

of electrons

..............

Lewis dot structures

Section 6.2 - Covaent Bonds & Electron-Dot Formulas
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Section 6.6 - Bond of Polarity

Bond Polarity is all about UNEQUAL SHARING of electronsin a
covalent bond. Our analysis of bond polarity will be based upon an
electronegativity trend. The definition of electronegativity is, “the
ability for atom to pull electrons toward itself in a covalent bond.”
This may cause an UNEQUAL SHARING of the electrons between
atoms. An electronegativity trend, FO N Cl Br | SC H, can be used
for determining bond polarity between two nonmetal atoms. Fluorine
has been experimentally determine to be the most electronegative
element of all the elements. Itissmall, has only two electron shells
and has high effective nuclear charge. Memorize the trend and on the
next slide will we see how to apply it in determining bond polarity.

FONCIBrISCH

Large difference in electronegativity between H—F most polar bond

] F is more electronegative than H

FONCIBrlI SCH
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between C—F very polar bond

\
IJ—'ONCI BrlSCH
L]

Little difference in electronegativity
values produces a less polar bond

Equal Sharing between identical atoms, H-H, C-C, F-F

When EN differences are great, then electrons are transferred; not shared. This transfer
of electrons produces ions that are involved in ionic bonding; bonds between cations
and anions held together by electrostatics.

e | b ey proia el

FONCIBrISCH Na

1 iy e wclocen Eeye g
s e b p o e

Recall, our graph of electonegativities showed
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Periodic Trend

ACIL DS
aci dity increases
CH, NH; H,O H F || Electronegativity increases within arow
PHs HS Hd || El egtrtonegaitivity increases within arow
acidity
i ncreases

H Br
H I

The more electronegative atom produces a more polar H-X bond
Electronegativity Trend

F> O> N> d > Br > 1 > S> C>H
Foncl Brisch

Peri odic Trend

aci dity increases

CH, NH; H,0

PHz HS
acidity
i ncreases

Acidity Increases
Down afamily

Atom size increases going down afamily with in “n” shells.
A larger atoms afford longer H-X bond.
Longer covalent bonds are more easily broken.
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putting all togethe,.

Periodic Trends increasing trends
(atomc size) (electronegativity, EN) (ionization energy| [ acidity
—> —>

=1l = =) || ]
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Evi dence to Support Wve Mechanical Atomic Orbital Theory

ze; (distance r between the nucleus and the outer nost ‘F]\ence el ectrons)

low nuclear char 88 Z, {zEntmber of protonst) h'niliclear chargeZ
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Theability for an atom to attract electrons
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toward itself in a chemical bond FONCI Brl SCH
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Complete the following and check your answers

Irdeniily Poriodic Froperiias sne! Trards
[, Gagies - B8 bt Codbeiyd

1. Fiow moany alcoeoim Brm ComiarEs N e valeres shall of the Foliosng P

K 1 = l.I-nn.l'rl__S__ Cn ____2_
pwain_ 4 5.4 a2

E i Ry e e Bk allieaiid

Supplementa packet page 61

e dehal_ 2 avprssbekd_ 0 g sumnea 10

I riow maay elscimas arn alowed inoiha

il Wed _8_ Thui} #gl J.8- Faplh Shaid _32

& Ghes tha = dat si Farits o nk
[ X} ° (X} (X}
olae *He® JC°* *Q, °H°
(X} ° (X} °

.L‘g. .Al.

Complete the following and check your answers
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