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Figure 8.1 Orbital energy diagrams
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Electron Configurations

» Anelectron configuration describes the distribution
of eectrons among the various orbitals in the atom.

« Electron configuration is represented in two ways.

Electrons are in Twa electrons
i the /=0 (s) in the 1s

Thg spdf notation uses numbers to il Mt
designate a principal shell and
letters (s, p, d, f) to identify a
subshell; a superscript indicates the
number of electronsin a l S
designated subshell. o

Electrons ocoupy

then=1
energy level.

Electron Configurations

In an orbital (box) diagram abox represents each
orbital within subshells, and arrows represent
electrons. The arrows’ directions represent electron
Spins; opposing spins are paired.

N: [t

ls 25 2p
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Rules for Electron Configurations

 Electrons ordinarily occupy orbitals of the lowest energy
available.

* No two electrons in the same atom may have all four
quantum numbers alike.

e Pauli exclusion principle: one atomic orbital can
accommodate no more than two electrons, and these
€lectrons must have opposing spins.

« Of agroup of orbitals of identical energy, electrons enter
empty orbitals whenever possible (Hund’s rule).

« Electronsin half-filled orbitals have parallel spins (same
direction).

Prentice Hall © 2005 Chapter Eight
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Order of Subshell Energies

¢ Follow the arrows from p
thetop: 1s, 2s, 2p, 3s, 3p, 2 25
4s, 3d, 4p, etc. 2
« Subshelsthat are far o * A1
from the nucleus may
exhibit exceptionstothe | »
filling order. 56 50 sd 5f

P ap el af

B 6 il
»

75 75
r rd
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Figure 8.2

The Aufbau Principle

[ Ctick on each amow i observe the progressinn of arbital filling with respect 1 the layout of the
W perindic table,

The Aufbau principle describes a hypothetical “building-
up” of an atom from the one that precedes it in atomic

. Main-group elements number. Toget He, add one
TR (Z=1)H 1st electrontoH.

’ ;; (Z=2)He 19— -Toget Li, add one

24 i
r;. 2 ) Transition elements (Z = 3) Li 152 25t electrontoHe.
’ ot d-block
gt 20 K BRARE 5 un 5B 6B TH —SB —, 1B 2B o )
e * Noble-gas-core abbreviation: we can replace the portion that

corresponds to the electron configuration of a noble gas with

5i 5t 5 af

S e sl a bracketed chemical symbol. It’s easier to write ...
P laner-ransitin elements .
Fhlock (Z=3) Li [He]2s
(St | % (Z=22)Ti  [Ar]4e3?
Prentice Hall © 2005 General Chemistry 4" edition, Hill, Petrucci, McCreary, Perry Chepter Eight Prentice Hall © 2005 General Chemistry 4 edition, Hill, Petrucci, McCreary, Perry Chapter Eight
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Example 8.1 Main Group and
Write electron configurations for sulfur, using both the spdf Transition Elements
notation and an orbital diagram. « Themain group elementsare those in which the
orbital being filled in the aufbau processisan s
or ap orbital of the outermost shell.
In transition elements,
the subshell being
filled in the aufbau
processisinaninner |
principal shell.
Main-group elements
| Transition elements
Prertice Hall © 2005 S — Chiepte Eight Prertce Hal © 2005 —— 20k ftasltlan lowents
n Ground State Electron Configurations of the Elements 12
Using the Periodic Table to Write Electron Configurations 119 1 2 3 4 5 A
q
2 P PP PP
- Main-group elements bt 8 B B B B 8
A i U 5 b 7
s-block | Theelectron configuration / A iy - PR S FO A O -
1A of Si endswith 3s?3p? ; A L B J r AN
p-block = EY R T R S R :
e 24 3A 4A SA 6A TA TlEH A1 : s i
PR [ Transition elements pe Hd 2 rd 2peid M el Ml i
d-block i A ; <k R
<33R 4B SB 6B 7B ——8B— IB 1B - | . s o o e £
— 4 3 4 LR 5, L] afe| i o
[ 5s ad 5 A B e e e et et At e ]
—+ | / ..w. | — i e Eae
. Bl
Theelectron o o — 2l | & & el B ] i ]
configuration of Rh S B e elal sl Blel &
BT T ¥ 5f 2| B i EE )
Copryright © 2004 Pearson Prentics Hal, I
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Example 8.2

Give the complete ground-state electron configuration of a
strontium atom (a) in the spdf notation and (b) in the
noble-gas-core abbreviated notation.

Prertice Hall © 2005 GeneralChenisry 4" edtion,Hil, Petruci MoCreary, Pery Chapter Eight
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Valence Electrons and Core Electrons

« Thevalence shell isthe outermost occupied principal shell.
The valence shell contains the valence electrons.

» For main group elements, the number of valence shell
electrons is the same as the periodic table group number
(2A elements: two valence electrons, etc.)

The period number is the same as the principal quantum
number n of the electrons in the valence shell.

» Electronsin inner shells are called core electrons.

’ Five valence electrons, for which n=4 ‘

Example: As [Ar] 45 3d104p?
/ /

28 core electrons ‘

Prertice Hall © 2005 General Chesnisiry 4" edition, Hil, Perucci, McCreary, Perry Chapter Eight
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Electron Configurations of lons contq)

* A meta atom loses electrons to form acation.

« Electrons are removed from the configuration of
the atom.

* Thefirst eectrons lost are those of the highest
principal quantum number.

« |f there are two subshells with the same highest
principal quantum number, electrons are lost from
the subshell with the higher |.

Prentice Hall © 2005 General Chemistry 4" eciion, Hill, Petrucci, McCreary, Perry Chapter Eight
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Exceptions to the Aufbau Principle
Half-filled d subshell plus : I‘. —
half-filled s subshell has el [HH] ransaas
dlightly lower in energy T (A H. TArd i
than S2dt. i e
VoA |1;| TAF] 3%
Filled d subshell plus Nar [Ar | (s
half-filled s subshell has S o |T__—| v
dlightly lower in energy Mi [Ar] ¥IF [t |f |1 | m [Ar3d s
than $2d°. T .
Fe  |Ar] it |f |1 | u_}l A [
L oAl HIHDTEE] [H] raasaus
M or e exceptions occur QN A '{.HfH“ |? | |H| Arf3diast
farther down the periodic e ——t
table. They aren’t always L _'*_“Z”|“|“| |1 | | Ar]dias!
predictable, because ener gy A TIETRETR A
levels ge closer together. U
Prentice Hall © 2005 General Chemistry 4" eition, Hill, Petrucci, McCreary, Perry Chapter Eight
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Electron Configurations of lons
» To obtain the electron configuration of an anion
by the aufbau process, we ssmply add the
additional eectrons to the valence shell of the
neutral nonmetal atom.
* The number added usually completes the shell.
« A nonmetal monatomic ion usually attainsthe
electron configuration of anoble gas atom.
0% : [N¢g]
Br: [Kr]
Prentice Hall © 2005 General Chenistry 4 ion, Hil, Perucci, McCreary, Perty Chapter Eight
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Electron Configurations of 1oNs (onta)

Atom lon (or)
F 12252005 F 12 2s22p8 [Ne]
SN 32 3p* S [Ng 323 [Ar]
Sr [Kr] 58 Sr2+ [Kr] 52— [Kr]

Ti [Ar] 45232
Fe [Ar] 42308

Ti4* [An] 42382 [Ar]
Fe?" [an4e3e  [Ar] 3¢

_
Valence electrons ,ﬁV\h; would b:_\}

the configuration
of Fe**? Of Sn?*?

arelost first.

Prertice Hall © 2005 General Chemistry 4" ition, Hil, Petrucci, McCreary, Perry Chapter Eight




Table 8.3 Electron Configurations of Some Metal lons

Pseudo-Noble Gas* 18 + 2°

Noble Gas Various

Lit  Be* Al cut Zn* In' (ARt
Na* Agt cd¥ T [Ar]3d’
K* Avt o Hg® Snt AR
Rh* Ph** [Ar]3d*
[y Sh** [Asj2a®
Bitt [Ar]ad?

A3’

[Ar]3d"

[Ar]3d®

Fn the e nuble s conlipmation, all vlemwe electnns are hst aml the emoning (o 1) shell s 15

electrons in the o

- 1y 1a'
Pln e 18+ L eonlizunation, 5 - 1y !

a1 e, v valenee elecinms termion,
Copriglh, & 2004 Pesarsza, Prantios Hall, e,
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Magnetic Properties

» Diamagnetism (i7 # }1) is the weak repulsion
associated with paired e ectrons.

e Paramagnetism ("% # |2) is the attraction
associated with unpaired electrons.

— Thisproduces a much stronger effect than the
weak diamagnetism of paired eectrons.

« Ferromagnetism(4# 2 %) is the exceptional ly
strong attractions of a magnetic field for iron and a
few other substances.

Prentice Hall © 2005

General Chesnisiry 4" edition, Hil, Perucci, McCreary, Perry Chapter Eight
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Example 8.4

A sample of chlorine gas is found to be diamagnetic. Can
this gaseous sample be composed of individual Cl atoms?

Prentice Hall © 2005

General Chemistry 4™ edition, Hill, Petrucci, McCreary, Perry Chm‘e’ Elghﬁ
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Example 8.3
Write the electron configuration of the Co3* ion in a noble-
gas-core abbreviated spdf notation.
Prentice Hall © 2005 General Chemistry 4" eition, Hill, Petrucci, McCreary, Perry Chapter Eight
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Magnetic Properties o
» The magnetic properties of a substance can be determined
by weighing the substance in the absence and in the
presence of amagnetic field.
| T
k=1
rA l T S
3 P =Sy X
S (@) No magnetic field = () Magnetic field rmed on
The mass appear sto have increased, so this
substancemust be and must
Prentice Hall © 200§ have (paired, unpaired) electrons. by Chapter Eight
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Periodic Properties

o Certain physical and chemical properties recur at
regular intervals, and/or vary in regular fashion,
when the elements are arranged according to
increasing atomic number.

e Mdting point, boiling point, hardness, density,
physical state, and chemical reactivity are periodic
properties.

o Wewill examine severa periodic properties that
arereadily explained using € ectron configurations.

General Chemistry 4" eition, Hill, Petrucci, McCreary, Perry
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Periodic Properties: Atomic Radius

» Atomic radius increases from top to bottom
within a group.

» Thevalue of nincreases, moving down the
periodic table.

» Thevaue of n relates to the distance of an
electron from the nucleus.

Prentice Hall © 2005 General Chemistry 4" eition, Hil, Petrucci, McCreary, Perry Chapter Eight
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Periodic Properties: Atomic Radius
o Half the distance between the
nuclel of two atomsisthe Covalent radius: 133 pm
atomic radius.
Covalent radius: half the
distance between the nuclei
of two identical atoms joined
inamolecule.
Metallicradius: half the
distance between the nuclei
of adj acent atomsin asolid Intemuclear distance: 266 pm
metal.
Prenice Hall © 2005 e iy n i, P ey, ey Chapter Eight
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Periodic Properties: Atomic Radius

« Atomic radius decreases from left to right within a period.

« Why? The effective nuclear charge( »=% % j7) increases
from |eft to right, increasing the attraction of the nucleus for
the valence electrons, and making the atom sm

Mg hasa greater
effectivenuclear
chargethan Na, and
issmaller than Na.

10 core electrons screen
the attraction of 10 pratons.

(Outer electron
feels a net
attraction of +1.

Two outer electrons feel a net
attraction of 42,

28

Effective Nuclear Charge (Z«;)

1A > 8a

2A 3A4AS5A6ATA

Prentice Hall © 2005 Chapter @
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Atomic Radii of the Elements
300
Cs
'
250 — R»b |
K 1 |
; |
I 4 y
EL 2000 +— Na ¢ ! 1
2 1 | 4 b e
& i Li 4 ' 1 g
g 1501 § ) oA !
g |1V A, T st
E 1 L -
2001 ey “Br
L
S p
Al
| | | | | |
1 0 30 40 50 6l T0 80 a0
Pt R 1 ol or Eght

30

Example 8.5

With reference only to a periodic table, arrange each set of
elements in order of increasing atomic radius:

(@) Mg, S, Si (b) As, N, P (c) As, Sh, Se

Prertice Hall © 2005 o oty o, . e ooy Chepler Eight
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Internuclear distance: 205 pm
L ]

: » Cationsare smaller than the atoms from which
they are formed; the value of n usually decreases.
Also, thereis less electron—€lectron repulsion.

Theionic radius of
eachionisthe
portion of the
distance between
thenuclel occupied

by that ion.
Mg
Ige-= 140 pm
T2 = 63 pm 186 pm 160 pm 150 pm 99 pm 63 pm
£ Copyright @ 2004 Pearson Prantice Hall. Inc.
—p - ne
Prentice Hall © 2005 General Chemistry 4" edition, Hill, Petrucci, McCreary, Perry Chepter Eight Prentice Hall © 2005 General Chemistry 4 edition, Hill, Petrucci, McCreary, Perry Chapter Eight
33 & Ja 34
@ @n @
lonic Radii D o o
s @ @ [ @»

¢ Anionsare larger than the

atoms from which they are 19 - . 039603
formed. B @ @
* Effective nuclear chargeis o ?o“'a @\J@ @
unchanged, but additional e @
electron(s) increase electron— o Jéa 2
electron repulsion. T~ o el
* |soelectronic(% 7 + ) species oo 0@
have the same e ectron 3
configuration; size decreases “”"’f;j’:j'n:""““ "“’,‘;‘I‘“pf‘""““ L i i 99 ?@
with effective nuclear charge. S b s s @ @) " B @0 @l oo @ T

Copyright & Z004 Pearsan Prantice Hal, Inc
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Example 8.6

Refer to a periodic table but not to Figure 8.14, and
arrange the following species in the expected order of

lonization Energy(#5 4t it )

increasing radius:  |onization energy (1) isthe energy required to
Ca?*, Fe¥, K*, S, Se?- remove an electron from a ground-state gaseous
atom.

* lisusually expressed in kJ per mole of atoms.
M(g) > M*(g) + € AH=1,
M*g) > M?(g) + & AH=1,
M2*(g) > M3(g) + € AH=1,

Pretice Hall © 2005 ol sy 1 o, i, e, ey Py Chepter Eght Pretice Hall © 2005 vt Criy . il P, ocromy Py Cheptr Eight
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lonization Energy Trends

e << g
— Removing an electron from a positive ion is more
difficult than removing it from aneutral atom.
e Alargejumpin| occurs after valence electrons
are completely removed (why?).
* |, decreasesfrom top to bottom on the periodic
table.
— nincreases; valence electron is farther from nucleus.
¢ |, generaly increases from left to right, with
exceptions.
— Greater effective nuclear charge from left to right holds
electrons more tightly.

Prertice Hall © 2005 GeneralChenisry 4" edtion,Hil, Petruci MoCreary, Pery Chapter Eight

Table 8.4 lonization 38
Selected Energies of Group 1A and
. . Group 2A Elements, kJ /mol
lonization
Energies
Comparel,tol, for a2A I 7298 1757
element, then for the Na Mg
corresponding 1A element. I 496 738
: 1 4562 1451
Whyisl, for each 1A element = i }
somuch greater than 1,2 ——— K Ca
419 590

Why don’t we see the sametrend Rb Sr
for each 2A element? 1,> 1, ... but 403 550
only about twice as great ... 2633 1064
Cs Ba
I 76 503
I 2230 965

Prentice Hall Copyright © 2004 Pearson Prantica Hall, Inc Edht
entice Hall © 2005 General Chemistry 4" ecition, Hill, Petrucci, McCreary, Perry raper Eigl

Selected lonization Energies

General trend in |,: An increase
from left to right, but ...

Theelectron being
removed isnow a p electron
(higher energy, easier to
removethan an s).

...1; drops, moving
from 2A to 3A.

78 8A
Li Be V B C N 8] F Ne
A 520 900 801 1086 1402 1314 1681 2081
I 7298 1757 2427 2352 2856 3388 3374 1952
MNa Mg Al Si P 5 Cl Ar
I8 496 738 578 7 101 999 1251 1521
I 4562 1461 1817 1577 19 2251 2298 2666

Copynght &

|, drops again Repulsion of the
between 5A and 6A. paired electronin 6A
makesthat electron
easier toremove.
Prentice Hall © 2005 Chapter Eight
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General Trend in First lonization Energies
Increasing First |onization Energy
1
n s
- 1 14 5 § (& i
" i I AA SA AA Ta Be
U e plie]slole]|
0" . . s w owm oz e el s oy v s
Mo d Mgl i 4 s R TH m m M Ll [ L
w o | el v e venf e osel v vaef el 3 n | i o
L3 Ca Sc m v l‘] | Mn Fe Cn N Cn in Ga Ge As e Br Kr
L2 L » - il L a a a | L3 4T i - -l 1 5 ki) £
Bh S v i NI_} Mo | L Ih _ih | M Ag | Cd in L) Sh Te U Xe
" " a7 n ™ b nl = | m ™ = 1] 13 " i " -
s Ea il_ LA E] w ! I_l (h Ir iR Au | Mg n h L] L A L
7 " £ e g 108 L e el LN Eii nz g 154 [IEN {103 mm ne
B o7 R oA | D S B | w
[+ | |
alxl S mlalalalalslal el mlal
u.I...I | | I“l |,| | I....l....l | I
Th Np Am U or Fm Md
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First lonization Energies
2300 Changein trend }
He occursat 2A-3A
and at 5A-6A for .. but the change
each period ... becomessmaller at
higher energy levels.
He Ro
|
I / |
|f\
F-l
] L L | 1 |
(i} 20 an 40 30 6l mn B0 a0 Lo
Prentic s e Chapter Eight
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Example 8.7
Without reference to Figure 8.15, arrange each set of
elements in the expected order of increasing first
ionization energy.
(@) Mg, S, Si (b) As, N, P (c) As, Ge, P
Prentice Hall © 2005 Chapter Eight
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Electron Affinity

Electron affinity (EA) is the energy change that occurs
when an electron is added to a gaseous atom:

M(g) + e > M~(g) AH =EA,

* A negative electron affinity means that the process is
exothermic.

« Nonmetals generally have more affinity for electrons than
metals do. (Nonmetals like to form anions!)

 Electron affinity generally is more negative or less positive
on the right and toward the top of the periodic table.

Prertice Hall © 2005 GeneralChenisry 4" edtion,Hil, Petruci MoCreary, Pery Chapter Eight
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Selected Electron Affinities

The halogenshave a
greater affinity for
electronsthan do the alkali

1A 2A 3A 4A 5A GA 7A BA
Li Be B C N L] I Ne
—60 0 —-27 —154 =0 —141 —328 Q
Nu Cl
Bl 200 45
K S Er
—dk =195 —323
Rh T |
=7 =1 =245
s Fiy At
—ilh — 153 =270
Pre iht

LiepyTig T EI0% FEarsen Franlis Hall, Ine.

Example 8.8 A Conceptual Example
Which of the values given is a reasonable estimate of the

second electron affinity (EA,) for sulfur?

S~(g) +e > SZ(g) EA, =7

—200 kJ/mol +450 kJ/mol
+800 kJ/mol +1200 kJ/mol

Prertice Hall © 2005 General Chesnisiry 4" edition, Hil, Perucci, McCreary, Perry Chapter Eight
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» Metals have a small number of electronsin
their valence shells and tend to form
positiveions.

— For example, an aluminum atom loses its
three valence electronsin forming Al3*.

« All s-block elements (except H and He), all
d- and f-block elements, and some p-block
elements are metals.

Prentice Hall © 2005 General Chemistry 4" eition, Hil, Petrucci, McCreary, Perry Chapter Eight
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Metallic Character

* Metallic character isrelated to atomic
radius and ionization energy.

* Metdlic character More

metallic

generally increases  character
from right to left

across a period, and

increases from top

to bottom in a group.

More
metallic
character

Prentice Hall © 2005 General Chemistry 4 edition, Hill, F
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Nonmetals

» Atomsof anonmetal generally have larger numbers of
electrons in their valence shell than do metals.

e Many nonmetals tend to form negative ions.

» All nonmetals (except H and He) are p-block elements.
. More

Nonmetallic character nonmetallic

generally increases character

right-to-left and R—

increases bottom-to-top - '

on the periodic table I 5 O

(the opposite of i B |

metallic character). More

nonmetallic

Prertice Hall © 2005 General Chemistry 4" it o i 1 character  Chepter Eight
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Maore nonmetallic charscier -
More negative electron afiniy D>
Increasing innization energy ‘

| Periodic tabla
- Inereasing momic radius

More metallic churucter

Cogymight © 2004 Pearson Prentice Hal, ino

Chepter Eight

General Chemistry 4" eition, Hil, Petrucci, McCreary, Perry

49
Metalloids
* A heavy stepped diagonal line separates metals from
nonmetals; some elements along this line are called
metalloids.
* Metalloids have properties of both metals and nonmetals.
) R i i _FT||: P E | O A
I A S e
Prentice Hall Lo e i - Chapter Eight
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Example 8.9
In each set, indicate which is the more metallic element.
(@)Ba,Ca (b)Sb,Sn (c)Ge, S
Example 8.10 A Conceptual Example
Using only a blank periodic table such as the one in Figure
8.17, state the atomic number of (a) the element that has
the electron configuration 4s2 4p8 4d> 5st for its fourth and
fifth principal shells and (b) the most metallic of the fifth-
period p-block elements.
Prentice Hall © 2005 Chapter Eight
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The Noble Gases

» Thenoble gases are on the far right of the periodic table
between the highly active nonmetals of Group 7A and the
very reactive alkali metals.

* Thenoble gases rarely enter into chemical reactions
because of their stable electron configurations.

» However, afew compounds of noble gases (except for He
and Ne) have been made.

Chapter Eight
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Atoms emit energy when
electrons drop from higher to
lower energy states (Ch.7).

Elements with low first
ionization energies can be
excited in a Bunsen burner
flame, and often emit in the
visible region of the
spectrum.

Elements with high values
of IE; usually require
higher temperatures for
emission, and the emitted
light isin the UV region of
the spectrum.

Prentice Hall © 2005

Chapter Eight

General Chemistry 4" eciion, Hill, Petrucci, McCreary, Perry

iodide ions ... [

54

Oxidizing and Reducing Agents Revisited

» Thehalogens (Group 7A) are good oxidizing agents.

» Halogens have a high affinity for electrons, and their
oxidizing power generally varies with electron affinity.

When Cl, is bubbled
into a solution
containing colorless

Displaced |, is
brown in aqueous
solution ...

... the chlorine oxidizes
I-to |, because EA, for
Cl,isgreater than EA; |

for I,. ¥l

... but dissolves in
CCl,togivea
beautiful purple

< solution.

i) Iy

Prentice Hall © 2005 Chapter Eight
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s Revisited

Oxidizing and Reducing Ag

* The s-block elements are very strong reducing agents.

« All the IA metals and the heavier 1|1 A metals will displace
H, from water, in part because of their low values of IE;

* A low IE; meansthat the metal easily gives up its
electron(s) to hydrogen in water, forming hydrogen gas.

-1

... While magnesium
islargely nonreactive
toward cold water.

Potassium metal
reactsviolently with
water. Theliberated
H,ignites.

Calcium metal reacts
readily with water ...

Prertice Hall © 2005 General Chemisiry 4" eition, Hil, Petruci, McCreary, Perry.
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Acidic, Basic, and Amphoteric

Oxides
» Anacidic oxide produces an acid when the oxide
reacts with water.

» Acidic oxides are molecular substances and are
generally the oxides of nonmetals.

» Basic oxides produce bases by reacting with water.
* Often, basic oxides are metal oxides.

« Anamphoteric oxide can react with either an acid
or abase.

56
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Properties of the Oxides of the

Main-group Elements

IA 2A 3A 4A 5A 6A TA
Li Be|B C N O F

P8

s As | Se Br The metalloidsand some
o | of the heavier metals
. Te | 1 q a

Rbh Sr In Sn
Cs Ba TI Ph Bi Po|At

Na Mg Al

K Ca Ga

Acidic
Basic
Amphoteric

Prertice Hall © 2005 General Chesnisiry 4" edition, Hil, Perucci, McCreary, Perry Chapter Eight

Cumulative Example

Given that the density of solid sodium is 0.968 g/cm?,
estimate the atomic (metallic) radius of a Na atom. Assess
the value obtained, indicating why the result is only an
estimate and whether the actual radius should be larger or
smaller than the estimate.

Prentice Hall © 2005 Chapter Eight
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