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8.1 Electron Spin and the Pauli Exclusion Principle

Source of Magnet The Stern—GerIaCh
etoms el experiment

Beam of
H atoms

M= +1/2

mg= -1/2

Magnet
pole face

v" The beam of hydrogen

atoms is split into two by the
magnetic field. . S . . S.A f
Direction o

Half of the atoms are bent in oxtornsl field
one direction and half in the

other.

v' The fact that the atoms are
affected by the external
magnet shows that they
themselves act as magnets' External magnet External magnet




» Electron Configurations and Orbital Diagrams

v An electron configurationsof an atom is a particular
distribution of electrons among|the available subshells.

v" A subshellsconsists of a group of orbitals having the same®)
and()guantum numbers but different@values.

v’ :B: 1s22s22p?

v An electron in an orbital is shown by an arrow; the arrow
points up when m, = +1/2 and down when m_ = -1/2.

v The orbital diagram of B is: @ @ @O@’if’:’;ﬁ”wb
28

v U ‘,> 1S
?—7 ‘TM% " J’\’_ S < orbital = 2~ fg'gorblfalg 6e~
Pauli Exclusion Principle

No two electrons in an atom can have the same four quantum

numbers Aluaye differ in Mg quantum number eifher(a})or(—})) i
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(Q)/ Which of the following orbital diagrams or electron Example 8!
configurations are possible and which are impossible, according

to the Pauli exclusion principle? Explain 5
*® ® OO0 @ @ OO0 i
ls 2s 2p ls  2s 2p
¢ @ © @O0 d. 1s32s!
ls 2s 2p
e. 15°2s'2p’ f. 15°2s*2p%35*3p°3dP4s?

[t 2e have the same 4 quantum number thig consider wrong depend on Pauli principle
» Building-Up Principle (Aufbau Principle)

v’ [lowest energy orbitals are filled first :|1s, then 2s, then 2p, then
3s, then 3p, etc.

v" Following this principle, you obtain the electron configuration
of an atom by successively filling subshells in the following order:
1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, S5s, 4d, 5p, 6s, 4f, 5d, 6p, 7s, 5F.

Solution
a. Possible orbital diagram. b. Impossible orbital diagram; there are three electrons Exa mp[e 8.[

in the 2s orbital. c¢. Impossible orbital diagram; there are two electrons in a 2p
orbital with the same spin. d. Impossible electron configuration; there are three
electrons in the 1s subshell (one orbital). e. Impossible electron configuration; there 5
are seven electrons in the 2p subshell (which can hold only six electrons). f. Possible
Note that the 34 subshell can hold as many as ten electrons.




Exercise 8.1 Look at the following orbital diagrams and See Problems 8.41, 8.42,
electron configurations. Which are possible and which are | 8.43, and 8.44.
not, according to the Pauli exclusion principle? Explain.

O O OO0 O O OO

Is 2s 2p Is 25 2p
c. @ @ d. 1s%25°2p*
Is 25 2p

e. 15s22542p? f. 1522522p%3523p1034'0

A. Poss'\\:\c .
ﬁ). oss ele -
C. o) Posn\s\e/ There one \we (e-) ma QDOTLJ[OO w\\’(/\%c Sorme

2. Poss'l e B
E. 1T . pos'S}L\e ,Oﬁ (2¢) ae oﬁ\awérj 'vv\(%)&xlb Sl

F.oJaT PoSSi\alc,,O% (6e-) ave amoweo\ ’m(P)SA\o chell




» Electron Configurations and Order of orbitals (filling) in
the Periodic Table multi-electron atom

helium 12 7 e s d(d) ) B
neon 15°25%2p° Vao“”_‘“_’ &d’ﬁ% > 25 2p
argon 1522522p%3523p° Teonsdion mel

oy
)

AR
RS
NN
\\\ \

3d

O8]
N~
=

krypton 1522522p%35?3p°3dW04s°4p® #=

- J&S_ d)orbia) J)'.A.!melajd':‘/‘.“ﬂ. 4s 4p 4d af ol
beryllium 15%25* or [He]2s? 5s S5p 5d g
magnesium 15225*2p%35? or [Ne]3s? 65 6p 6
calcium 152252p%3s23p%4s> or [Ar]ds? ; .

s /
(de

boron 1S22sz2p1/ or [Hel2s*2p! E\g%ﬁ‘go;goggégag core
aluminium  (1s522s22pf3523p! ~Vobee  or  [Ne]3s23p! va[eno% electron
gallium 15225°2p%35s*3p°3d'%4s°4p!  or  [Ar]3d'%s*4p!

v’ Inoble-gas core:|an inner-shell configuration corresponding to
one of the noble gases.|Core-elektrong

v'|valence electrorﬂ An electron in an atom outside the noble-

gas or pseudo-noble-gas core. .~y . w:i9) 6




Main-Group Elements
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chromium (Cr)(Z =24): [Ar]3d44s2 expected
M[Ar]i%sl experimental | \[ore aiable

L= hal] o

> Exceptions to the Building-Up Principle P%\*m'ﬂm

T Faull

copper (Cu)(Z =29): [Ar]3d94s2 expected
[Ar]3d% sl experimental | More etable

1 bl

8.3 Writing Electron Configurations Using the Periodic Table

6
Kr(36): [Ar]4s23d'94p® or [Ar]3d'%4s24p® Y.: [A(} qS2 3&
Nb(41): k58" 4 (A1 24" 4§°
FC +2 '-LA(] 3&6
Sb(51): [Kr]5s24d105p3 . CA 2d
Exercise 8.2 Use the building-up principle to obtain the : See Problems 8.47, 8.48,
electron configuration for the ground state of the manga- | 8.49, and 8.50.
nese atom (Z = 25). : ll.’ﬂea;

15°25°2p°35°3 p°3d 543'2J/, mote Sl Les Enory




;?/Use the building-up principle to obtain the configuration for the
ound state of the gallium atom (Z = 31). Give the configuration
iIn complete form (do not abbreviate for the core). What is the
valence-shell configuration? Example 82 =

1522522p03523p%4s23d\4p! > 15°25°2p%3s73p°3d 45 4p'

(The valence-shell|configuration is 4s24p?

What are the configurations for the outer electrons of: Example 83
a. tellurium, Z =52, and b. nickel, Z = 28? e
Te : [Kr]5s24d105p4 - [Kr] 4d'0 5s25p% - 5s25p*
Ni : [Ar]4s23d® >'4s23d°®

ercise 8.4 The atom (X) has the ground-state configuration

[Xe]4f14 5d1%6s2%6p-| Find the period and group for this element.
From its position in the periodic table, would you classify lead as
a main-grg element, a transition element, or an inner transition

element? (e -A) /pemo( 5 /mewE'w ’

CHem

_'Q




8.4 Orbital Diagrams of Atoms; Hund’s Rule

Diagram 1: @ @ @@Q / Hund’s rule states that the lowest
s 2s enerqy arrangement of electrons in a

@OQ subshell is obtained by putting electrons
1‘5 2‘5 into separate orbitals of the subshell
with the same spin before pairing

Diagram 3: 1‘ 2‘ .OQX electrons
Examsl984 $B i Osbid

Diagram 2:

( rite an(orblta)dlagram for the ground ?tate of me m atomy-
% we = (D m
® ® O m popeis

ls 2s 2p 3p hwew

Soomme mnqw

Exercise 8.5 Write an orbital diagram for the ground state ' See Problems 8.57
[Ar] m"""" @ of the phosphorus atom (Z = 15). Write all orbitals. i and 8.58.
3d 4s
© O @ @@@

ls s 2p

v" Magnetic Properties of Atoms

paramagnetic substance diamagnetic substance

At least one unpaired electron All electrons are paited




L] = N R (2) » ) 5
» Atomic Radius § & ' ¢ £ $ §
. 350 SEES & & <
Size

300 Qs
The 3 0 i 5
=
prOperﬁQQ are  z 2w Na
e Li
studied in the £ '
E Rn
gageoug gtate N Xe
H Ar
50 \
He Ne
2 10 18 36 54 86

Atomic number, Z

1. Within each period (horizontal row), the atomic radius tends to decrease with
increasing atomic number (nuclear charge).() J« O Pl S8) ) L 81 sl =g i
2.Within each group (vertical column), the atomic radius tends to increase

with the period number. = ) 22 (0 (sl ) 1 24,0

) Arrange the following in order of increasing atomic radius:
1) Al, C, Si. C <Si<Al Example 85 : 11
(2) Na,Be,Mg Be <Mg <Na Exercice 86
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> lonization Energy - ¢t gl e
Li=> Lit+ e ionization energy = 520 kJ/mol

=5.39eV [(1eV =96.5 kd/mol)

» t ©
S 4 S
ol ol ol

& & &

Ionization energy (kJ/mol)

o ¥ ®
AS Te

Se Sh Pb

Ge Po
S Bi
Ga St In Ba I
Rb Cs
’4___\)33‘?@& ALY (:u\;\.\_b (C J x

2 10 18 36 ) @ 86

Atomic number, Z






o high values| of first ionization energy associated with|the noble

gases

tvery low values |of first ionization energy associated with the

group 1|elements;

~generaljincrease| in values of first ionization energy as a given

period is crossed

-lonization energies tend to|decrease|going [down]any[column.
This is because atomic size|increases|going/down]|the [column.

Exceptions: — s Sl ndt Alled Go X5 eosen o \e Plecten

«(B<Be) 3A element (B)(ns?np’) has smaller ionization energy
than the preceding 2A element (Be)(ns?). Or (Al < Mg)

«(O<N)6BA element (O)(ns?np*) has smaller ionization energy than
the preceding 5A element (N) (ns?np3) . Or (S < P)

As a result of electron repulsion

Je . ¢ - :

wmfypd Coe N oLl * M g lis L)
o G ol ot
tt2 13




Table 8.3

Element

Successive lonization Energies of the First Ten Elements (k)/mol)* { Firet ionization energy < second ionization energy

First

1312
2372

520

900

801
1086
1402
1314
1681
2081

Second

5250
7298
1757
2427
2353
2856
3388
3374
3952

Third

11,815
14,848
3660
4620
4578
5300
6050
6122

Fourth

21,006

Fifth

32,827
37.831

9445
10,990
11,023
12,177

Sixth

47,277
53,267
13,326
15,164
15,238

Exercise 8.7 The first ionization energy of the chlorine
atom is 1251 kd/mol. which of the following values would be the

more likely ionization energy for the iodine atom. Explain.
a. 1000 kJd/mol.

b. 1400 kJ/mol.

Seventh

64,360
71.330
17,868
19,999

I CHem

[t ie more likely that 1000 kJ/mol ig the ionization energy for
iodine becauge iohization energieg tend to decreage ag atomic

number increages in a column.

14



8.26 Which of the following atoms, designated by their I
electron configurations, has the highest 1onization energy? | lesen

'Nel3s?3p?
‘Nel3s°3p?
(Ar]3d"4s%4p° kj
Kr]4d'%5s%5p° > Q
Xeldf"*5d'%6526p° v e

8.27 When trying to remove electrons from which of

the following sets of 1onization energy makes the most

sense going from first to third i1onization energy? Explain

your answer.
First IE 900 KJ/mol, second 1E 1750 kJ/mol, third IE
15,000 kJ/mol

K First IE 1750 KJ/mol, second IE 900 kJ/mol, third IE =35 yuws

15,000 kJ/mol

x First IE 15,000 KJ/mol, second IE 1750 kJ/mol, third
IE 900 kJ/mol
First IE 900 KJ/mol, second IE 15,000 kJ/mol, third
IE 22,000 kJ/mol —s V«Ml]? roup

XFirst IE 900 KJ/mol, second IE 1750 kJ/mol, third IE
1850 kJ/mol



8.28 Consider the following orderings.
LAI<Si<P<S

el Be <-Mg < Ca < Sr
IMI.LI<Br<CI<F

Which of these give(s) a correct trend in atomic size?
I only
IT only
III only
I and II only
IT and III only

Example 86 o

Using a periodic table only, arrange the following elements in order of increasing
lonization energy: Ar, Se, S.

Qe<Q<Ar

Exercise 8.8 Without looking at Table 8.4 but using the general | See Problems

comments infijis section, decide which has the larger electron

8.65 and 8.66.

affinity, C off E.

b

16



» Electron Affinity

Is defined as the energy required to remove an electron from the
atom’s negative ion (in its ground state)

CI([Ne]3s?3p°) + e —> CI([Ne]3s23p°); AE = —349 kJ/mol
Change in the energy

Experimentally EA is determined by the following eqn.
Cl([Ne]3s*3p®) — CI([Ne]3s°3p°) + ¢; AE = 349 kJ/mol

Gu >65 Electron affinity
Ge([Ar]4s?4p?) + e —> Ge ([Ar}ds*4p?); AE = —119 kJ/mol (BA =+119 kJ/mol)

As([Ar]ds?4p’) + e —> As ([Ar]ds?4p?); AE = —78 kJ/mol (EA =478 kJ/mol)

v'|In the Group 5A element (arsenic, As, in the above list), the
added electron must pair up with one of the np electrons since
all of the np orbitals have one electron, whereas in the
preceding element the extra electron goes into an empty np
orbital. This pairing of electrons in an orbital requires some
energy, resulting in a smaller electron affinity for the Groulg oA
element compared with the preceding 4A element.
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50

Ga([Ar]4s?4p") + e — Ga ([Ar]ds?4p?); AE = —41 kJ/mol (
Ge([Ar]4s?4p?) + e —> Ge ([Ar]4s?4p?); AE = —119 kJ/mol
As([Ar]4s?4p?) + e —> As ([Ar]ds?4p*); AE = =78 kJ/mol (
Se([Ar]ds*4p*) + e —> Se ([Ar}ds*4p°); AE = —195 kJ/mol |
Br([Ar]4s*4p°) + e — Br ([Ar]ds*4p®); AE = =325 kJ/mol

Group | > 2 “
Group 4 >5 w

Group 8 =zero

T period 2< 3

v" In a given period, the electron affinity rises from the Group 1A
element to the Group 7A element but with sharp drops in the
2A and Group 5A elements.
v Group 8A elements (noble gases) have zero or small negative

values (indicating unstable negative ions)
v Group 6A and Group 7A elements have the largest electron
affinities of any of the other main-group elements 3

Group




arning Objectives Important Terms

8.1 Electron Spin and the Pauli Exclusion Principle

» Define electron configuration and orbital diagram. electron configuration
» State the Pauli exclusion principle. orbital diagram
= Apply the Pauli exclusion principle. Example 8.1 Pauli exclusion principle

8.2 Building-Up Principle and the Periodic Table

w Define building-up principle. building-up (Aufbau) principle
» Define noble-gas core, pseudo-noble-gas core, and noble-gas core
valence electron. pseudo-noble_gas core

» Define main-group element and (d-block and f-block )
transition element.

valence electron

8.3 Writing Electron Configurations Using the Periodic Table

» Determine the configuration of an atom using the
building-up principle. Example 8.2

» Determine the configuration of an atom using the
period and group numbers. Example 8.3

8.4 Orbital Diagrams of Atoms; Hund’s Rule

» State Hund’s rule. Hund’s rule

= Apply Hund’s rule. Example 8.4 paramagnetic substance

» Define paramagnetic substance and diamagnetic diamagnetic substance
substance.

Mendeleev’s Predictions from the Periodic Table

escribe how Mendeleev predicted the properties of
uNyiscovered elements.

8.6 Some Periodic Properties

= State the periodic law. periodic law

= State the general periodic trends in size of atomic radii. atomic radius

» Define effective nuclear charge. effective nuclear charge

= Determine relative atomic sizes from periodic first ionization energy (first ionization potential)

trends. Example 8.5

» State the general periodic trends in ionization energy.

» Define first ionization energy.

» Determine relative ionization energies from-periodic
trends. Example 8.6

» Define electron affinity.

= State the broad general trend in electron affinity across
any period.

electron affinity

iodicity in the Main-Group Elements

fine basic oxide, acidic oxide, and amphoteric oxide. basic oxide

the main group corresponding to an alkali metal, acidic oxide

iline earth metal, a chalcogen, a halogen, and a amphoteric oxide

noble '}

» Describe the change in metallic/nonmetallic character
(or reactivities) in going through any main group of
elements.
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