UMass Boston, Chem 115

CHEM 115
Electron Configurations and
Periodic Trends
Lecture 20
Prof. Sevian
Agenda

e Electron configurations
e Ground state vs. excited state
e Periodic properties
o |onization energy
o Atomic radius
e Others
e Interpreting measured properties of elements in light of
their electronic configurations
e (+) Core = nucleus + (all but the outer shell of electrons)
e (-) Valence = the outermost shell of electrons
° Effective nuclear charge = (Total electrons) — (Core electrons) =
eff
e Coulombic force of attraction between core (+) and
valence (-)

e Building a logical explanation

© H. Sevian
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Electron configurations
(Textbook’s and shorthand representations)

TABLE 6.3 Electron Configurations of Several Lighter Elements

Total Electron
Element  Electrons  Orbital Diagram Configuration
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Aufbau (Building) Elements

Scandium
Atomic number 21

HiEE
I;F_‘ 4p E D QD D A grand total of ONE

Period 3 . E’ " "

3s
Period 2 E’ @
2p

spdf notation
182 252 2p® 352 3p® 452 3d'

complete
2s spdf notation written with noble gas core
Period 1 [Ar] 4s2 3d"
complete
S
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Aufbau (Building) Elements

Germanium
Atomic number 32

D ﬁngg:i?gdt(;ﬁzlc?:o-lr-\\évo
TR
S

Period 3 E
complete @ 3p

3s 152 252 2pb 3s2 3pb 452 3d10 4p2

Period 2 E @

complete 2P

spdf notation

2s spdf notation written with noble gas core
Period 1 [Ar] 4s? 3d'0 4p?
complete
1s
L] L] CI
Periodic Table Structure il
. Cl = 152 252 2p6 3s2 3p° .
“ 3p >
=] : g :
< 5f >
Zr = 1s2 282 2p% 3s2 3pb 452 3d'0 4pb 552 442
[ Representative s-block [ Representative p-block
elements elements
[ Transition metals [ f-Block metals

Copynght © 2006 Pearson Prentice Hall, Inc.
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Clicker question #1

What is the electron configuration for the ground state
of vanadium (V)?

(A) 1s? 2s2 2p3

®) 1s? 2s? 2p® 3s2 3p® 3d3

) 1s? 2s2 2p® 3s2 3p® 3d?3 452
) 1s? 2s2 2p® 3s2 3p® 452 3d3

Hint: it is element #23

Second hint: there are two correct
answers in this list

iclicker

Clicker question #2

What is a possible excited state electron configuration
for nitrogen?

(A 1s2 2s2 2p3

®) 1s22s2 2p3 3s!
©) 1s22s2 2p? 3s!
D) 182 2s2 2p? 3s?

© H. Sevian
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© H. Sevian

Clicker question #3

What is the ground state electron configuration for the
chloride ion, CI"?

(A) 1s? 2s2 2p® 3s2 3p*
®) 1s? 2s2 2p® 3s2 3p°
©) 1s? 2s? 2p® 3s2 3p"
D) 1s? 2s2 2p® 3s! 3p"

Some Exceptions

Chromium
[Ar] 4s' 3d°
Copper
[Ar] 4s' 3d10

because it turns out that a half-full or a full d-subshell
is more stable

Generally, complete subshells lend stability
(not worth memorizing which elements this happens to)
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Summary of lonization Energy Trends

lonization energy
generally:

* Increases across a
period (row)

* Decreases down a
group (column)

lonization energy (k] /mol)

Increase

A

Increase

First ionization energy

Caopynght © 2006 Pearson Prentice Hall, Inc.
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From Chemistry & Chemical Reactivity 5" edition by Kotz / Treichel. C 2003
Reprinted with permission of Brooks/Cole,  division of Thomson Learning:
www.thomsonrights.com. Fax 800-730-2215.

lonization Energies of Elements

The energy required to remove the most weakly bound electron from an atom or ion.

lonization potentials
—e— 1st lonization Energy
% —— 2nd lonization Energy
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Trend seen: As atomic number increases, the first

ionization energy of the noble gases decreases. oo oo ot o Astie Shemisiy
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Comparing Noble Gas Group Elements

Pd Elem Electron Configuration
He 1s2 He — He* + e~
Ne 182 252 2pb Ne — Ne* + e~
Ar 182 252 2pb 3s2 3pb Ar — Art + e~

Kr 152 252 2p6 3s2 3pb 452 3d"0 4pb
Xe 152 252 2pb 3s2 3pb 452 3d"10 4pb 552 4d10 5pb

a b~ ON =

How are they the same?

How are they different?

45 3d

55 a4d
How does this explain the trend seen? & sd
As atomic number increases, the first 7s 6d
ionization energy of the noble gases 4f
decreases because... 5

lonization Energies of Elements

The energy required to remove the most weakly bound electron from an atom or ion.

lonization potentials

—e— 1st lonization Energy

&0 —— 2nd lonization Energy
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0
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Atomic number

Trend seen: As atomic number increases, the first
ionization energy of the alkali metals decreases.
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Comparing Alkali Metal Group Elements

Pd m __ Electron Configuration Change

1 H 1s’ H—-H +e

2 Li 182 2s! Li —» Li*+ e
Na 182 252 2pb 3s! Na — Na* + e~
K 152 252 2pb 3s2 3pb 4s! K— Kt+e”

5 Rb 152 252 2p6 352 3p6 452 3d'04p8 58 Rb — Rb* + e~

How are they the same?

How are they different?

i a4d

6 sd - 3 How does this explain the trend seen?

7 6d ' As atomic number increases, the first
4f ionization energy of the alkali metals
5 " decreases because...

lonization Energies of Elements

The energy required to remove the most weakly bound electron from an atom or ion.

lonization potentials

—e— 1st lonization Energy

&0 —— 2nd lonization Energy

70
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50 “““ ’
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[ ] Alkali
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20

= N~ ions
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0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36

10

Atomic number

Trend seen: As atomic number increases, the second
ionization energy of the alkali metal ions decreases.
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Comparing Alkali Metal Group lons

Pd lon Electron Configuration Change

2 Li* 182 Li*t —» Li* + e~
Na*  1s22s22pb Na* — Na?* + e~

4 K* 152 252 2p6 3s2 3pb Kt — K2* + ¢~

5 Rb*  1s22s2 2pb 352 3pb 452 3d'04p® Rb* — Rb?* + e~

i gummyesmss  How are they the same?

How are they different?

3d

5i hd
6 sd How does this explain the trend seen?

7 &d As atomic number increases, the
4 second ionization energy of the alkali
5f metals decreases because...

What We’ve Observed So Far
e Noble gases (Group VIIIA)

e High ionization energies compared to other Groups

o Within same group, ionization energy is smaller as atomic number
increases

e All elements in group have complete shell electron configurations
(outermost s- and p-subshells are completely filled)

e Alkali metals (Group IA)

e Low ionization energies compared to other Groups

o Within same group, ionization energy is smaller as atomic number
increases

e All elements in group have one electron in outermost s-subshell

e +1 charged ions of Alkali metals (Group IA)

e The alkali metals have the same second ionization energy behavior as
noble gases

o Electron configurations same as noble gases

These are all trends that occur within the same group. What about trends
across a period? To be able to explain further, we need Coulomb’s law.

© H. Sevian
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Z4=2-5S
Core VS. Valence S = screening constant

S is approximately equal to the
number of core electrons

One way to view an atom or ion

(Note: not drawn to scale!)

,,,,,,,,,,,,, Nucleus
(protons and
neutrons)

All complete
inner shells of
electrons

Outer electrons

VALENCE beyond all
SHELL complete inner

shells
charged

Image modified from
http://www.badastronomy.com/bad/movies/thecore_review.html|

Zy=2Z-S=11-10=1
Example: Sodium Atom Z = 11 (the atomic number)

S = approximately equal to the

A neutral sodium atom has 11 protons number of core electrons = 10

and 11 electrons

Electronic configuration is 1s2 2s? 2p® 3s!
(Note: not drawn to scale!)

‘ a
 Book calls 1" protonst and
' this Z, some m-eu rons
b (charge: +11)
CORE < All complete
Net +1 inner shells of
charge electrons
(charge: -10)
—

Outer electrons

VALENCE beyond all
SHELL complete inner

Net -1 shells (charge: -1)
charge

Image modified from
http://www.badastronomy.com/bad/movies/thecore_review.html|

© H. Sevian
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Zs=2-S=12-10=2

Example 2: Magnesium Atom | Z= 12 (the atomic number)

S = approximately equal to the

A neutral magnesium atom has 12 protons number of core electrons = 10

and 12 electrons

Electronic configuration is 1s2 2s2 2p® 3s2
(Note: not drawn to scale!)

/12 protons and
some neutrons
(charge: +12)

CORE

All complete
E inner shells of
charge electrons

(charge: -10)
N

Outer electrons

VALENCE beyond all

SHELL complete inner
Net -2 | shells (charge: -2)
charge

Image modified from
http://www.badastronomy.com/bad/movies/thecore_review.html|

Core vs. Valence

An abbreviated periodic table (showing only
the s- and p-blocks)

H He
Zgi=1-0 Zy=2-0
Li Be B C N O F Ne
Z5=32 | Zyg=42 Z5=52 | Zyg=62 | Zg=72 | Zy=82 | Zy=92 | Zys= 102
Zoi= 11-10|Zye = 12-10 Zo:= 13-10 Zo:= 18-10
K Ca Ga Ge As Se Br Kr

22

11
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Recall Coulomb’s Law

Force of attraction (or repulsion):
e Increases when magnitudes of charges increase
e Decreases as distance between charges increases

Charge on
proportionality positive part Charge on

constant \ / / negative part
k0. O
o 2

VAN
Force of distance
attraction between parts

To reason using Coulomb’s law, you must talk about the magnitudes of thes
charges (Q, and Q) and the separation of the charges (r).

Summary of lonization Energy Trends

lonization energy
generally:

* Increases across a
period (row)

< 2500
£
* Decreasesdowna = 2000
group (column) & 1500

g

5 1000

g

5 .
E 500 |-
=4

s

Increase

A

Increase

First ionization energy

Capynght © 2006 Pearson Prenfice Hall, Inc.
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From Chemistry & Chemical Reactivity 5™ edition by Kotz / Treichel. C 2003,
Reprinted with permission of Brooks/Cole, a division of Thomson Leamning;
‘www.thomsonrights.com. Fax 800-730-2215.
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Chemical Explanations

In general, there are only a few basic concepts on which the
logical steps of chemical explanations are built.

The importance of size and charge (Coulomb’s law)
1. Core vs. valence in a single atom or ion

The core is always positively charged and consists of all the protons
plus the electrons that don’t participate in any action. All the electrons
that participate in any action are in the valence shell. Comparisons
are made based on magnitude of charges and distance separating
the charges. (Note: it is possible to have competing effects.)

2. Charge density of an ion

3.

Partial (polarizable) charge (next semester...)

If two particles have equal charge but are different in size, the smaller
one has greater charge density (more charge packed into a smaller
space). Generally, something with greater charge density can have a
stronger effect (e.g., it can get closer to oppositely charged particles,
so the force of attraction will be greater)

26

Periods vs. Groups

Comparing two elements in the same period:

Use Z; argument

Same number of complete shells, so size (radius) of cores is the same
Different charges in nucleus, but same number of core electrons, leads
to different core charge

Different numbers of electrons in valence

Arguments are usually based on @, (core charge) and Q_(valence
charge) being different while distance between core and valence (r) is
nearly the same

Comparing two elements in the same group:

Use # of shells argument
Different number of complete shells, so size (radius) of cores is different
Core charges are the same because valence electrons same

Arguments are usually based on distance between core and valence (r)

being different while @, and Q_are the same
27

13
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° Atomic Radius

1A 24 34 4A 5A 6A A Com arisons
@ o o o 0 o P

Li, 152 Be, 113 B, 83 C77 N, 71 0, 66* F71
. . . 9000 1. Trend down any given
group?
Na, 186 Mg, 160 Al, 143 i, 117 P 115 S, 104 c, 99
. . 'YX X X X B Trend across any
given period?

K 227 Ca, 197 Ga, 122 Ge, 123 As, 125 Se, 117 Br, 114

. . d . Qo ° What happens to radii

if these atoms
Rb, 248 Sr, 215 In, 163 Sn, 141 Sh, 141 Te, 143 1,133

become ions?

From Chemistry & Chemical Reactivity 5™ edition by Kotz / Treichel. C 2003.

Cs, 265 Ba, 217 Ti, 170 Pb, 154 Bi, 155  Po, 167 Reprinted with permission of Brooks/Cole, a division of Thomson Learning
'www.thomsonrights.com. Fax 800-730-2215.
H Group 1A Group 2A Group 3A Group 6A Group 7A

Radii of e P : ; e

. Li* .. Li Be** Be B B 0 o F F
caions 9" """ "9’ P

0.68 1.34 0.31 090 023 082 0.73 140 071 1.33

and

Anions N Ne Mg Mg AR A s
. @ 0 9 P
Neutral 097 154 066 130 051 118 102%™ 1
Atoms  * ¢ ch G G G e gbd

6

B84

9

1.33 1.96 099 1.74 062 126 1.1

g
Gray = atoms i

98
Red = cations

+ 24+ 34
Blue = anions  XP Rb S7°  Sr I’ In Te I Te?
147 211 113 Hl.gz 081 144 135892

Copyright @ 2006 Pearson Prentice Hall, Inc.
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Electron
Summary of Atomic Radii Trends SRR liondiing
y di
\ atomic radius|

\

Bonding
atomic
radius, ~.l;d

Copg € 0 Pagwin Prartcs 1o p

. |Distance
| between
nuclei

~—

Atomic radius generally:

e Increases down a group
(column)

e Decreases across a period
(row)

Copynight & 2006 Pearson Prentice Hall, Inc.

Electron affinity

The energy associated with adding an
electron to an atom

1A 2A  3A 4A 5A 6A 7A 8A
Electron affinities in kd/mol

e The more negative the electron affinity, the more exothermic. Therefore,
the greater attraction the atom has for the electron to be added.

e Trend: As you go from left to right across a row, the electron affinity
generally

© H. Sevian
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Electron affinity: two questions

Why do He, Be, N and Ne have positive (endothermic) electron

affinities?

Why is there not a steady trend in the electron affinities of the

halogens?

° F CI Br |

e -328, -349, -325, -295 kJ/mol

Look at the electron affinities in kd/mol for the representative

elements in the first five periods of the periodic table

e The more negative the electron affinity, the greater the attraction of the atom
for an electron

e An electron affinity > 0 indicates that the negative ion is higher in energy than
the separated atom and electron.

Electron affinity is the energy change that occurs when an electron is

added to a gaseous atom

o Energy is usually released when an atom gains an electron, giving the
electron affinity a negative sign

o Electron affinities generally become more negative from left to right across a
row

o Halogens obtain a noble gas structure when they gain an electron so their
electron affinities are the most negative

e Theincrease in electron affinity observed for group 5A elements relative to
gr%u%‘rlﬁ elements is due to the addition of an electron to a half-filled
subshell.

The big picture: The pattern of a Coulomb’s law argument

1.

Usually comparing one set of circumstances to a second set, to explain

why one measure is larger or smaller than another

e Neon atom vs. sodium atom with atomic radius

e MgCl, vs. CaCl, with energy required to break the ionic bonds

For each set of circumstances, determine what the relevant attraction is

between a Q_and a Q,

e Attraction between outermost electron (-) and effective core charge (+) will
affect atomic radius

o Attraction between negatively charged ion (Cl-) and positively charged ion
(Mg?* or Ca?*) will determine strength of ionic bond

For each set of circumstances, determine what the distance of separation

is between the + and — charges

e Number of shells (periods)

e Number of shells on + ion plus number of shells on —ion

Usually one variable, distance or (Q, and Q.), can be considered constant

while the other one varies. The one that varies is responsible for the

difference in the measure

e Neon has Q+=+8 while sodium has Q+=+1. Neon has 2 shells while sodium
has 3 shells. Both differences lead to sodium’s outermost electron being further
away and less tightly bound.

e Both attractions are a +2 ion with a -1 ion. CI- ion has same radius, but Mg2*
ion is smaller than Ca?* ion, so separation distance between Q+ and Q- is
smaller in MgCl,, therefore harder to break the ionic bond.
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