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1 CHM.5.1.01.001.07 Differentiate between the ground and excited states of an atom Terthook + fgure 10 3

Bohr's Model of the Atom Bohr suggested that the electron in a hydrogen atom moves around the nucleus in only
The dual wave-particle model of light accounted for several previously unexplainable certain allowed circular orbits. The smaller the electron’s orbit, the lower the atom’s
phenomena, but scientists still did not understand the relationships among atomic energy state, or energy level. Conversely, the larger the electron’s orbit, the hi gh or the

structure, electrons, and atomic emission spectra. Recall that hydrogen’s atomic z .
emission spectrum is discontinuous; that is, it is made up of only certain frequencies of atom's energy state, or energy level. Bohr assngned a number, n, called a q“m

light. Why are the atomic emission spectra of elements discontinuous rather than number, to each orbit. He also calculated the radius of each orbit. Table 1 shows data
continuous? Niels Bohr, a Danish physicist working in Rutherford’s laboratory in 1913, for the first seven energy levels of a hydrogen atom according to Bohr’s model.
proposed a quantum model for the hydrogen atom that seemed to answer this question. ) .

Bohr’s model also correctly predicted the frequencies of the lines in hydrogen’s atomic

emission spectrum.

Energy states of hydrogen Electron @
Building on Planck’s and @ Beghon

Einstein’s concepts of quantized \
energy, Bohr proposed that the [#] (¥ 'l
hydrogen atom has only certain Nucleus Nucleus 8
allowable energy states, as /
illustrated in Figure 10. The lowest

allowable energy state of an atom

is called its ground state. When an

atom gains energy, it is said to be o sabe Eiciincd Sy

in an excited state. Figure 10 The figure shows an atom that has one electron. Note that the

illustration is not to scale, In its ground state, the electron is associated with
the lowest energy level. When the atom is in an excited state, the electron is
associated with a higher energy level,
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1 CHM.5.1.01.001.07 Differentiate between the ground and excited states of an atom Terthook + fgure 10 3

What is called the state of the atom when it gains energy o g By A i Latie g B0 (08 A Al s Ve
according to Bohr’s model?
 / A. Ground state Lo el A
B. Excited state b feall ) B
C. Inert state i) Bl C
D. Radiation-emitting state gl Sl Qo D
4- Regarding the atom structure on the right
Electron @
a) Figure 2 represents lowest allowable energy state @ Electron
@ Figure 2 represents excited energy state € ¢
Nucleus Nucleus

c) The atoms gain energy to reach figure 1

d) The atoms lose energy to reach figure 2 m Q
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2 CHM.5.1.01.002.03 Relate the principal quantum number to the total number of orbitals of the principal energy levels and the number of orbitals in sub-energy levels  Textbook + figure 16

Principal quantum number

Recall that the Bohr atomic model assigns quantum numbers to electron orbits.
Similarly, the quantum mechanical model assigns four quantum numbers to atomic
orbitals. The first one is the principal quantum number (1) and indicates the relative
size and energy of atomic orbitals. As u increases, the orbital becomes larger, the
electron spends more time farther from the nucleus, and the atom’s energy increases.
Therefore, n specifies the atom’s major energy levels. Each major energy level is called a
principal energy level. An atom’s lowest principal energy level is assigned a principal
quantum number of 1. When the hvdrogen atom’s single electron occupies an orbital
with n = 1, the atom is in its ground state. Up to 7 energy levels have been detected for
the hydrogen atom, giving n values ranging from 1 to 7.

Energy sublevels

Principal energy levels contain energy sublevels. Principal energy level 1 consists of a
single sublevel, principal energy level 2 consists of two sublevels, principal energy
level 3 consists of three sublevels, and so on. To better understand the relationship
between the atom’s energy levels and sublevels, picture the seats in a wedge-shaped
section of a theater, as shown in Figure 16. As you move away from the stage, the rows
become higher and contain more seats. Similarly, the number of energy sublevels in a
principal energy level increases as i increases.

. n =4 (4 sublevels)

n =3 (3 sublevels)

n =2 (2 sublevels)

n =1 (1sublevel)

Figure 16 Energy levels can be thought of as rows of seats in a theater. The rows that are higher up and
farther from the stage contain more seats. Similarly, energy levels related to orbitals farther from the nucleus
contain more sublevels.

Pve Antono Moreno/age totoxtock Samn, S L Alamy

Table 2 Hydrogen’s First Four Principal Energy Levels

Total Number of

Principal Sublevels (Types Number of .
Quantum of Orbitals) Orbitals Related Oéz‘r:ifsgeé‘:“;d to
Number (n) Present to Sublevel P A gy
Level (n*)
1 s 1 1
s 1
2 P , 3 4
s 1
3 p 3 9
d 5
s 1
p 3
1
4 d 5 6
f 7 ;

Hydrogen'’s first four principal energy levels, sublevels, and related atomic orbitals are
summarized in Table 2. Note that the number of orbitals related to each sublevel is
always an odd number, and that the maximum number of orbitals related to each

Ahmed Elgha rpp%},r\(yipal energy level equals n.

20



CHM.5.1.01.002.03 Relate the principal quantum number to the total nurmber of orbitals of the principal energy levels and the number of orbitals in sub-energy levels

Which of the following statements is correcl?

Principal energy level 3 consists of three

sublevels, they are 3s, 3p and 31

Principal energy level 3 consists of three

sublevels, they are 3s, 3p and 3d

Principal energy level 2 consists of two

sublevels, they are 2s, 2d

Principal energy level 2 consists of two

sublevels, they are 2s, 2f

Plasas 4000 il 6l

Ao Sligies 05 G 3 el Al (Sgie sSis
Hy3psds o

Lo Sl S e 3 pedyll Al Sgle JeS
3ds3ps3s 2

Oued Gugiie a2 el Al gy GeSu

2(1,:5 Las

e Sugicen fa 2 el AL g S

:f;:s Lok
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3 CHM.5.1.01.003.02 Explain the Aufbau principle, the Pauli exclusion principle, and Hund's rule  Textbook +figure 18 + table 3 PEpL

6 CHM.5.1.01.003.02 Explain the Aufbau principle, the Pauli exclusion principle, and Hund's rule  Textbook 24

Ground-State Electron Configuration

The arrangement of electrons in an atom is called the atom’s electron configuration,
Because low-energy systems are more stable than high-energy systems, electrons in an
atom tend to assume the arrangement that gives the atom the lowest energy possible.
The most stable, lowest-energy arrangement of the electrons is called the element’s

ground-state electron configuration.

Three rules, or principles—the aufbau
principle, the Pauli exclusion
principle, and Hund'’s rule—define
how electrons can be arranged in an
atom’s orbitals.

The aufbau principle

The aufbau principle states that each
electron occupies the lowest energy
orbital available. Therefore, your first
step in determining an element’s
ground-state electron configuration is
learning the sequence of atomic
orbitals from lowest energy to highest
energy. This sequence, known as an
aufbau diagram, is shown in Figure 18.
In the diagram, each box represents
an atomic orbital.

EEE
B g BRENNS gupEmEE -
g, RN SRR ¢
Mss P R

@
o
g o
3 4p
g W (i 5 il i 34
o
jé BES 3
= B3
s
S HEE 2»
B2
B

Figure 18 The aufbau diagram shows the energy of each sublevel
relative to the energy of other sublevels.

Determine Which sublevel has the greater energy, 4d or 5p?

The Pauli exclusion principle

Every electron has an associated spin, similar to the way a top spins on its point. Like a
top, an electron is able to spin in only one of two directions. The Pauli exclusion
principle, proposed by Austrian physicist Wolfgang Pauli (1900-1958), states that a
maximum of two electrons can occupy a single atomic orbital, but only if the electrons
have opposite spins.

Electrons in orbitals can be represented by arrows in boxes. An arrow pointing up
represents the electron spinning in one direction, and an arrow pointing down
represents the electron spinning in the opposite direction. An empty box D represents
an unoccupied orbital, a box containing a single up arrow represents an orbital with
one electron, and a box containing both up and down arrows [T || represents a filled
orbital containing a pair of electrons with opposite spins.

Hund'’s rule

The fact that negatively charged electrons repel each other affects the distribution of
electrons in equal-energy orbitals. Hund’s rule states that single electrons with the same
spin must occupy each equal-energy orbital before additional electrons with opposite
spins can occupy the same orbitals. For example, the boxes below show the sequence

in which six electrons occupy the three 2p orbitals. One electron enters each of the
orbitals before a second electron enters any of the orbitals.

ol L I 0 e i
amrr] smmr] ey
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CHM.5.1.01.003.02 Explain the Aufbau principle, the Pauli exclusion principle, and Hund's rule  Textbook +figure 18 + table 3 3.4

CHM.5.1.01.003.02 Explain the Aufbau principle, the Pauli exclusion principle, and Hund's rule  Textbook 24
Which of the following e correct? fesa e ! [ Which of the following orbital diagrams violates Hund's rule? | i it il 4 ) clsa JSS i !
1l ] a5l e G A
Is  2s 2p It agrees with Hund's rule [ CNGEE
v Llv} |
1Is 2s 2p
(1] [ [y il gl I g - B
s 2s 2p It agrees with the Pauli exclusion principle [‘T [" Tt [ |
1s 2s 2p

| lﬁ_u,u o 2 :
g |H|_%| 39 Tagm g 52 c 0 00T

1s 2s It agrees with the Aufbau principle 1% 25 2p
oS il (oalag 2218 JS aa B8
[m |]—1‘ m m It agrees with all electron configuration rules @ \/ Z] T__, T,i
s Is 2p and principles s 25 2
2- What rule does the electron notation on the right violate? T1 T1 11171
a) Aufbau b) Pauli (©)Hund 1s 2s 2p
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CHM.5.1.01.003.02 Explain the Aufbau principle, the Pauli exclusion principle, and Hund's rule

Textbook +figure 18 + table 3

23,24

CHM.5.1.01.003.02 Explain the Aufbau principle, the Pauli exclusion principle, and Hund's rule  Textbook

24

Which of the following is true related to the orbital diagrams below?

Matches all electron configuration

principles

Matches Pauli exclusion principle

Matches Hund's rule

Matches aufbau principle

1:

8
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? y

2
3 D

3p

1s

i

e

2]

4

[

E}-a’

2

—
Sl
=l
]

i

2l

2
(4]

—
2|
2|
—
2]
—

}%’
Em
—|&
2]
<_

e

]
L]

1s 28

n.mm

.
&=

.
—
.
—
.
i

e

—
—

=

il 2elgh S e ol
.

_f_'i_’li_J ]Lu. C..n JJLE'.l:l
Al

s 5ol ae allan

byl s ma gl

Ahmed Elgharpawy



CHM.5.1.01.003.02 Explain the Aufbau principle, the Pauli exclusion principle, and Hund's rule  Textbook +figure 18 + table 3 PEpL

CHM.5.1.01.003.02 Explain the Aufbau principle, the Pauli exclusion principle, and Hund's rule  Textbook 24

Which of the following is true related to the orbital diagrams below? %Ll S0 Slllaas 3la% Lad maa 55 Laa g
—

d  epi— | ] Ligh bisl “
\/ Matches Hund's rule oo Bl e yllady
% 3p 4s
3s ¢ >
Matches Aufbau principle is ‘:I byl e pa iy

.

Matches Pauli exclusion

.'I-ll-l:'l-m " l-'l-l--l i -I"-:':'
principle ..r".' fea B

=I5
B
=~
—
] 1
=
.‘_
2]
=
—b
=3
—
i

e
i3

Matches all electron
configuration principles

i el S gl

2
[
=
a}§
=
2]
2]
2|
L]
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CHM.5.1.01.003.02 Explain the Aufbau principle, the Pauli exclusion principle, and Hund's rule  Textbook + figure 18 + table 3

23,24

CHM.5.1.01.003.02 Explain the Aufbau principle, the Pauli exclusion principle, and Hund's rule  Textbook

24

Regarding the electron arrangement with orbital Laa ! colial DUV dalasie Bijlay g ST Gl 3l Lo
diagram method below, which of the following is e J‘b
correct?

This electronic arrangement violates only to the D8 sand gy laa pa SN sl e e laly

1 Pauli exclusion- principle

This electronic arrangement violates only the L gyl e aa g S sl 3a a ey
aufbau principle

[ %]

This electronic arrangement violates Hund's 3bdy lpa g gn Bacll pa g STV Gl 130 ya
3 rule and aufbau principle
This electronic arrangement violates Hund's oo e g g Bacll a3y SV il 1oa el

rule and Pauli's exclusion principle :
D e
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CHM.5.1.01.003.05 Write the electron configuration, orbital diagram, and noble gas notation of different elements

5 CHM.5.1.01.003.05 Write the electron configuration, orbital diagram, and noble gas notation of different elements

Electron Arrangement

You can represent an atom’s electron configuration using one of two
convenient methods: orbital diagrams or electron configuration
notation.

Orbital diagrams

As mentioned earlier, electrons in orbitals can be represented by
arrows in boxes. Each box is labeled with the principal quantum
number and sublevel associated with the orbital. For example, the
orbital diagram for a ground-state carbon atom, shown below, contains
two electrons in the 1s orbital, two electrons in the 2s orbital, and one

Neon atom

electron in two of three separate 2p orbitals. The third 2p orbital
p

remains unoccupied. 5 2

Figure 19 The 1s, 25, and 2p

@ I:] orbitals of a neon atom overlap.
P

5 2 2 Determine how many electrons a

neon atom has.

Electron configuration notation

The electron configuration notation designates the principal energy level and energy
sublevel associated with each of the atom’s orbitals and includes a superscript
representing the number of electrons in the orbital. For example, the electron
configuration notation of a ground-state carbon atom is written 1s*2s*2p*.

Orbital diagrams and electron configuration notations for the elements in periods one and
two of the periodic table are shown in Table 4. Figure 19 illustrates how the 1s, 2s, 2p,
2p,, and 2p. orbitals illustrated earlier in Figure 17 overlap in the neon atom.

Textbook +tables4,5

25,26

Textbook + table 6+ example problem 3 + practice problems +
check your progress

23,29

Table 4 Electron Configurations and Orbital Diagrams for

Elements 1-10

El Atomic Orbital Diagram
i Number 1s° 2s 2p. ;

HydrogenI‘ 1 [

rHellum 2

_Lithium B E ' [‘
Berylium | 4
Boron 2 [T
Carbon i 6
Nitrogenﬁ | 7
O 8 i
Fluorine J 9 1L
Neon | 10 [0

Ahmed Elgharpawy

2p 2p,

— -— ~
o e

ad - QoY J—y

P

Electron Configuration
Notation

1s'
1s?
1s? 2s'
1s? 25*
1s? 2s* 2p'
152 252 2p*
1s? 257 2p°
1s? 257 2p*
15? 257 2p°

1s? 2s? 2p®



CHM.5.1.01.003.05 Write the electron configuration, orbital diagram, and noble gas notation of different elements
4 Textbook +tables 4,5 25,26

Textbook + table 6+ example problem 3 + practice problems +

5 CHM.5.1.01.003.05 Write the electron configuration, orbital diagram, and noble gas notation of different elements 28,28
check your progress
Noble-gas notation Noble gases are the elements in the last column of the periodic
table. Their outermost energy levels are full, and they are unusually stable. Noble-gas The atomic number of the element copper (Cu) is 29. S AN gl L .29 gLl (Cu) laill il (g3l ssall
notation uses bracketed symbols to represent the electron configurations of noble gases.
For example, [He] represents the electron configuration for helium, 1s%, and [Ne] Whal is the correct electronic configuration of copper Tl JAN Geap pladady eladll meaall

represents the electron configuration for neon, 15*2s%2p".

: using the noble-gas notation?
Compare the electron configura- g ¢

tion for neon with sodium’s

. . 2 : Complete Electron 2249
conflgumtlon abme.. Noh? that Elomant Atomic Elsction Configuration [ Ar ] 4s-3d
the inner-level configuration for

Configuration | Using Noble Gas

sodium is identical to the elec- : S ‘ 15310 EX < .

tron configuration for neon. Sodium n 1s°25°2p"3s. | [NeR3s [ Ar ] 4s°3d < P Ty N
12 15725°2p°3s? [Ne]3s?

Using noble-gas notation, sodi- Magnesium
. (
[ Kr ] 58%3¢° Ll (AR 4s' 3 4 7

Table 5 Electron Configurations for Elements 11-18

Number

um'’s electron configuration can Aluminum 13 1s2522p*3s23p! [Ne]3s23p'
be shortened to the form [Ne]3s'. | ' B

il 2 2 5Q¢d 2 2
The electron configuration for an Seon | is Lo i o NeRs"S98
element can be represented using ~ Phosphorus 15 15*25*2p°3s3p* [Ne]3s?3p’
the noble-gas notation for the Sulfur 16 15?2572p°3s73p* [Ne]3s?3p* [ Kr ]5513(]1'3 C./L [ ﬁ C-F / l O
> ras i 5 Wi : ari < I'/-—\S

noble gas in the previous pqmd Chiorine 7 1872572p53573p5 [NeJ3s23p° 2 ? S 2 G)
and the electron configuration : S

Argon 18 1572572p®3s?3p®  [Ne]3s?3p°or [Ar]

for the additional orbitals being
filled. The complete and abbrevi-
ated (using noble-gas notation) electron configurations of the period 3
elements are shown in Table 5.

7- What is the correct electron configuration for Phosphorus 1sP ?
@152 2522p®3s23p3 b) 1s22s22p®3s? c) 1s?22s22p®3s23d3 d) 1s22s22p©4s24p3
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CHM.5.1.01.003.05 Write the electron configuration, orbital diagram, and noble gas notation of different elements
4 Textbook +tablesd ,5 25,26
Textbook + table 6+ example problem 3 + practice problems +
5 CHM.5.1.01.003.05 Write the electron configuration, orbital diagram, and noble gas notation of different elements e 28,28

Valence Electrons

Only certain electrons, called valence electrons, determine the chemical properties of an
element. Valence electrons are defined as electrons in the atom’s outermost orbitals—
generally those orbitals associated with the atom's highest principal energy level. For
example, a sulfur atom contains 16 electrons, only six of which occupy the outermost 3s
and 3p orbitals, as shown by sulfur’s electron configuration, [Ne3s*3p*. Sulfur has six
valence electrons. Similarly, although a cesium atom has 55 electrons, it has just one
valence electron, the 6s electron shown in cesium'’s electron configuration, [Xe]6s'.

Electron-dot structures

Because valence electrons are involved in forming chemical bonds, chemists often
represent them visually using a

simple shorthand method, called Table 6 Electron Configurations and Dot

electron-dot structure. An atom'’s Structures

EXAMPLE Problem 3

ELECTRON-DOT STRUCTURES Some toothpastes contain stannous fluoride, a compound of tin
and fluorine. What is tin's electron-dot structure?

1 ANALYZE THE PROBLEM
Consult the periodic table to determine the total number of electrons in a tin atom. Write out
tin's electron configuration, and determine its number of valence electrons. Then use the rules
for electron-dot structures to draw the electron-dot structure for tin.

2 SOLVE FOR THE UNKNOWN
Tin has an atomic number of 50. Thus, a tin atom has 50 electrons.

: Write out tin's electron configuration using noble-
[Kr]5s?4d"5p* gas notation. The closest noble gas is Kr

The two 5s and the two 5p electrons (the electrons in the orbitals related to the atom'’s
highest principal energy level) represent tin's four valence electrons. Draw the four valence -Sn .
electrons around tin's chemical symbol (Sn) to show tin's electron-dot structure.

electron-dot structure consists of the

R y 2 Atomic Electron Electron-Dot EXAMPLE Problem 3 (continued)
element’s symbol, which represents Element Niiibor | Confriation Stiictiea
the atomic nucleus and inner-level 9 3 EVALUATE THE ANSWER

electrons, surrounded by dots Lithium | 3 15725
representing all of the atom’s valence  Beryllium 4 152252
electrons. In writing an atom's Boion 5 122522p'
electron-dot structure, dots repre- . "
senting valence electrons are placed Carbon 6 1s°25%2p*
one at a time on the four sides of the Nitrogen 7 15%2s%2p°
symbol (they may be placed in any Oxygen 8 1s72572p*
sequence) and then paired up until : N

all are shown. Table 6 shows exam- Flscxing | e ol
ples for the second period. Neon 10 1s%2s%2p°

The correct symbol for tin {Sn) has been used, and the rules for drawing electron-dot structures
| have been correctly applied. - -

o ‘ §
MG l ><c

PRACTICE Problems

24. Draw electron-dot structures g
a. magnesium b. thallium €. xenon -

25. An atom of an element has a total of 13 electrgns. What is the element, and how many electrons
are shown in its electron-dot structure? |

26. CHALLENGE This element exists in the solid state at room temperature and at normal
atmospheric pressure and is found in emerald gemstones. It is known to be one of the .
following elements: carbon, germanium, sulfur, cesiuor argon. ldentify the
element based on the electron-dot structure at right.

Ahmed Elgharpawy



CHM.5.1.01.003.05 Write the electron configuration, orbital diagram, and noble gas notation of different elements

5 CHM.5.1.01.003.05 Write the electron configuration, orbital diagram, and noble gas notation of different elements

\B Check Your Progress electronsin the o toyrmes AR

Summary

« The arrangement of electrons
in an atom is called the atom's
electron configuration.

27. Apply the Pauli exclusion principle, the aufbau
principle, and Hund's rule to write the electron
configuration and draw the orbital diagram for each of

« Electron configurations are the following elements.

defined by the aufbau princi-

ple.and Hund's Rile. 29. lllustrate and describe the sequence in which ten
* An element’s valence electrons electrons occupy the five orbitals related to an atom'’s
determine the chemical proper- d sublevel.

Hes of the stement. 30. Extend the aufbau sequence through an element that

+ Electron configurations can be has not yet been identified, but whose atoms would
represented using orbital completely fill 7p orbitals. How many electrons would " l
diagrams, electron configura- such an atom have? Write its electron configuration using 2l um C A \f}
tion notation, and electron-dot noble-gas notation for the previous noble gas, radon. q‘ S
SUGCIHNS, 31. Interpret Scientific lllustrations Which is the correct @
electron-dot structure for an atom of selenium? Explain. D

Textbook +tables4,5

25,26

Demonstrate Understanding Sily Caw

a. silicon b. fluorine c¢. calcium d. krypton //]L ‘ 1,

Textbook + table 6+ example problem 3 + practice problems +

check your progress

23,29

1
.. .o .. LS > 7& \/?/ 7L —7(/
8 Sar b &g o d .S S @@
2 T o
S
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7 CHM.5.1.01.004.05 Distinguish between a goup and a period in the periodic table

10 CHM.5.1.01.004.04 |dentify the information that can be displayed in the periodic table

The Modern Periodic Table

The modern periodic table consists of boxes, each containing an
element name, symbol, atomic number, and atomic mass. A typical
box from the table is shown in Figure 3.

The table orders elements horizontally by the number of protons in
an atom’s nucleus, and places those with similar chemical proper-
ties in columns. The columns are called groups or families. The
rows are called periods.

The periodic table is shown in Figure 4 on the next page and on the
inside back cover of your textbook. Becoming familiar with the
periodic table will help you understand how the properties of
different elements relate to one another.

Textbook

38

Textbook + figures 3 , 4

Atomic —8 0 — symbo!

number

Oxygen — Element
Atomic 15999
mass

Figure 3 Atypical box from the
periodic table contains the ele-

ment’s name, its chemical symbol,

its atomic number, and its atomic
mass.

8- There are ........ periods and ........ groups in the periodic table

@ b) 7,20

c) 6,18
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2 CHM.5.1.01.010.01 Describe the general properties of metals, non-metals and metalloids and their uses

Textbook + figures 6

9 CHM.5.1.01.010.02 Describe the general properties of alkali metals and their uses Textbook
11 CHM.5.1.01.007.02 Describe some properties and uses of lanthanides - CHM.5.1.01.007 .03 Describe some properties and uses of actinides Texthook
12 CHM.5.1.01.010.01 Describe the general properties of metals, non-metals and metalloids and their uses Textbook

Groups and periods

Beginning with hydrogen in period 1, there are a total of seven periods. Each group is
numbered 1 through 18, For example, period 4 contains potassium and calcium. Oxy-
gen is in group 16. The elements in groups 1, 2, and 13 to 18 possess a wide range of
chemical and physical properties. For this reason, they are often referred to as the main
group, or representative elements. The elements in groups 3 to 12 are referred to as the
transition elements. Elements are also classified as metals, nonmetals, and metalloids.

Metals

Elements that are generally shiny when smooth and clean, solid at room temperature,
and good conductors of heat and electricity are called metals. Most metals are also
malleable and ductile, meaning that they can be pounded into thin sheets and drawn
into wires, respectively, as shown in Figure 5.

Most representative elements and all transition elements are metals. If you look at
boron (B) in column 13, you will see a heavy stairstep line that zigzags down to astatine
(At) at the bottom of group 17. This stairstep line is a visual divider between the metals
and the nonmetals on the table. In the periodic table shown in Figure 4 metals are
represented by the blue boxes.

Alkali Metals Except for hydrogen, all of the elements on the left side of the table are
metals. The group 1 elements (except for hydrogen) are known as the alkali metals.
Because they are so reactive, alkali metals usually exist as compounds with other
elements. Two familiar alkali metals are sodium (Na), one of the components of salt,
and lithium (Li), often used in batteries. //IZ

Ahmed Elgharp

Alkaline Earth Metals The alkaline earth metals are in group 2. They are also highly
reactive. Calcium (Ca) and magnesium (Mg), two minerals important for your health,
are examples of alkaline earth metals. Because magnesium is strong and relatively
light, it is used in applications in which strength and low mass are important, as shown
in Figure 6.

Figure 6 Because magnesium is light and strong,
it is often used in the production of safety devices
such as these caribiners used by climbers.
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9 CHM.5.1.01.010.02 Describe the general properties of alkali metals and their uses Textbook
11 CHM.5.1.01.007.02 Describe some properties and uses of lanthanides - CHM.5.1.01.007 .03 Describe some properties and uses of actinides Texthook
12 CHM.5.1.01.010.01 Describe the general properties of metals, non-metals and metalloids and their uses Textbook
Transition and Inner Transition Metals The transition elements are divided into
transition metals and inner transition metals. The two sets of inner transition metals, Metalloids

known as the lanthanide series and actinide series, are located along the bottom of the

periodic table. The rest of the elements in groups 3 to 12 make up the transition metals.

Elements from the lanthanide series are used extensively as phosphors, substances that
emit light when struck by electrons, Because it is strong and light, the transition metal
titanium is used to make frames for bicycles and eyeglasses.

Nonmetals
EIEIXSISY® Connection | Nonmetals occupy the upper-right side of the periodic

table. They are represented by the vellow boxes in Figure 4. Nonmetals are elements
that are generally gases or brittle, dull-looking solids. They are poor conductors of heat
and electricity. The only nonmetal that is a liquid at room temperature is bromine (Br).
The most abundant element in the human body is the nonmetal oxygen, which consti-
tutes 65% of the body mass.

Group 17 comprises highly reactive elements that are known as halogens. Like the
group 1 and group 2 elements, the halogens are often part of compounds. Compounds
made with the halogen fluorine (F) are commonly added to toothpaste and drinking
water to prevent tooth decay. The extremely unreactive group 18 elements are com-
monly called the noble gases. They are used in applications where their unreactivity is
an advantage, such as in lasers, a variety of light bulbs, and neon signs.

The elements in the green boxes bordering
the stairstep line in Figure 4 are called metalloids,
or semimetals.

Metalloids have physical and chemical properties
of both metals and nonmetals. Silicon (Si) and
germanium (Ge) are two important metalloids
used extensively in computer chips and solar cells.
Silicon is also used to make prosthetics or in
lifelike applications, as shown in Figure 7.

This introduction to the periodic table touches
only the surface of its durable explanatory
power. You can refer to the Elements Hand-
book at the end of your textbook to learn more
about the elements and their various groups.
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9 CHM.5.1.01.010.02 Describe the general properties of alkali metals and their uses Textbook
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2) What is the name of the series indicated by the red
arrow

IE jlc x': Tr

a) Actinide series b) Alkali metals

@Lanthanide series d) halogens
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13 CHM_.5.1.01.004.07 Explain why the properties of the elements in the same group are similar

15 CHM_.5.1.01.004 07 Explain why the properties of the elements in the same group are similar

Valence electrons

Recall that electrons in the highest principal energy level of an atom are called valence
electrons, Each of the group 1 elements has one valence electron. The group 1 elements
have similar chemical properties because they have the same number of valence elec-
trons. This is one of the most important relationships in chemistry: atoms in the same
group have similar chemical properties because they have the same number of valence
electrons. Each group 1 element has a valence electron configuration of s'. Each group 2
element has a valence electron configuration of s*. Groups 1, 2, and 13 to 18 all have
their own valence electron configurations.

Table 3 Electron Configuration for the Group 1 Elements

Period 1 hydrogen 1s' 1s'

Textbook 43
Textbook 44
1 18 Figure 8 The figure shows the electron-dot
1 7% He: structure of most representative elements,
: 2 13 14 15 16 17 Observe How does the number of valence
‘ 7 . . o e - electrons vary within a group?
2 U'  Be B .q' -!3 02 3t zu“.:
3 Na' Mg® B R R G T - G '
a K et .Ga' -Ge' .Asi .Se: Br: iKi:
| ) | Bt . ™ ‘_‘ 3 - . . .
s Rb* 1 m; it .Snc .Sbr .Te: 1 iXe:
6 Cs' luf) R l r’; ;é:

Period 2 lithium 1s2s’ [Hej2s'
Period 3 sodium 15?25?2p®3s’ [Ne]3s’

Group Il elemenls in the periodic table have similar

chemical properties. What explains this?

Period 4 potassium 15°25°2p"35?3p64s’ [Ar}4s’

Valence electrons and period

The energy level of an element’s valence electrons indicates the period on the periodic
table in which it is found. For example, lithium'’s valence electron is in the second
energy level and lithium is found in period 2. Now look at gallium, with its electron
configuration of [Ar]4s*3d"4p’, Gallium's valence electrons are in the fourth energy
level, and gallium is found in the fourth period.

Valence electrons of the representative elements

Elements in group 1 have one valence electron; group 2 elements have two valence
electrons. Group 13 elements have three valence electrons, group 14 elements have
four, and so on. The noble gases in group 18 each have eight valence electrons, with the
exception of helium, which has only two valence electrons. Figure 8 shows how the
electron-dot structures you studied previously illustrate the connection between group
number and number of valence electrons. Notice that the number of valence electrons
for the elements in groups 13 to 18 is ten less than their group number.

-
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Because they have the same atomic numbers

Because they contain the same energy levels

Because they have the same number of
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table (period, group and block)

The s-, p-, d-, and f-Block Elements

The periodic table has columns and rows of varying sizes. The reason behind the table’s
odd shape becomes clear if it is divided into sections, or blocks, representing the atom’s
energy sublevel being filled with valence electrons. Because there are four different
energy sublevels (s, p, d, and f), the periodic table is divided into four distinct blocks, as
shown in Figure 9 on the next page.

s-Block elements

The s-block consists of groups 1 and 2, and the element helium. Group 1 elements have
partially filled s orbitals containing one valence electron and electron configurations
ending in s'. Group 2 elements have completely filled s orbitals containing two valence
electrons and electron configurations ending in s°. Because s orbitals hold two electrons
at most, the s-block spans two groups.

d-Block elements

The d-block contains the transition metals and is the largest of the blocks. With some
exceptions, d-block elements are characterized by a filled outermost s orbital of energy
level n, and filled or partially filled d orbitals of energy level n -1.

Table 4 Noble Gas Electron Configuration

Electron

Period Principal Energy Level Element Configuration
1 n=1 helium 1s?
2 n=2 neon [He]2s27p"
3 n=3 argon [Nel3s?3p°®
4 n=4 krypton [Ar]4s?3d™4p"

CHM.5.1.01.008.02 Use the electron configuration notation, orbital notation, and noale gas notation of an element (Z 1 - 36) to identify the location of an element in the periodic Texthook + example problem 1

Figure 9 The periodic table is divided into
four blocks—s, p, d, and f.

Analyze What is the relationship between
the moximum number of electrons an
energy sublevel can hold and the number of
columns in that block on the diogram?

p-Block elements

After the s sublevel is filled, the valence electrons next occupy the p sublevel. The p-block is
comprised of groups 13 through 18 and contains elements with filled or partially filled p
orbitals. There are no p-block elements in period 1 because the p sublevel does not exist for
the first principal energy level (n = 1). The first p-block element is boron (B), which is in the
second period. The p-block spans six groups because the three p orbitals can hold a maxi-
mum of six electrons.

The group 18 elements, which are called the noble gases, are unique members of the
p-block. The atoms of these elements are so stable that they undergo virtually no chemical
reactions. The electron configurations of the first four noble gas elements are shown in
Table 4. Here, both the s and p orbitals corresponding to the period’s principal energy level
are completely filled. This arrangement of electrons results in an unusually stable atomic
structure. Together, the s- and p-blocks comprise the representative elements.

Ahmed Elgharpawy
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As you move across a period, electrons fill the d orbitals. For example, scandium (Sc),
the first d-block element, has an electron configuration of [Ar]4s*3d’, Titanium (Ti), the
next element on the table, has an electron configuration of [Ar]4s°3d°. Note that titani-
um’s filled outermost s orbital has an energy level of n = 4, while the d orbital, which is
partially filled, has an energy level of n = 3.

As you learned previously, the aufbau principle states that the 4s orbital has a lower
energy level than the 3d orbital. Therefore, the 4s orbital is filled before the 3d orbital.
The five d orbitals can hold a total of 10 electrons; thus, the d-block spans 10 groups on
the periodic table.

f-Block elements

The f-block contains the inner transition metals. Its elements are characterized by a filled,
or partially filled outermost s orbital, and filled or partially filled 4f and 5f orbitals.

The electrons of the f sublevel do not fill their orbitals in a predictable manner.
Because there are seven f orbitals holding up to a maximum of 14 electrons, the
f-block spans 14 columns of the periodic table.

CHM.5.1.01.008.02 Use the electron configuration notation, orbital notation, and noale gas notation of an element (Z 1 - 36) to identify the location of an element in the periodic

Texthook + example problem 1

EXAMPLE Problem 1

ELECTRON CONFIGURATION AND THE PERIODIC TABLE Strontium, which is used to produce
red fireworks, has an electron configuration of [Kr)Ss?. Without using the periodic table, determine
the group, period, and block of strontium.

1 ANALYZE THE PROBLEM
You are given the electron configuration of strontium.
Known Unknown
Electron configuration = [Kr]5s? Group =?
Period =7
Block =?

2 SOLVE FOR THE UNKNOWN

The s¥ indicates that strontium'’s valence electrons fill
the s sublevel. Thus, strontium is in group 2 of the s-block.

For representative elements, the number
of valence electrons can indicate the group
number.

The 5 in 557 indicates that strontium is in period 5. The number of the highest energy level
indicates the period number.

3 EVALUATE THE ANSWER

The relationships between electron configuration and
position on the periodic table have been correctly applied.

Ahmed Elgharpawy



CHM.5.1.01.008.02 Use the electron configuration notation, orbital notation, and noble gas notation of an element (Z 1 - 36) to identify the location of an element in the periodic
Textbook + example problem 1 46

14
table (period, group and block)

The atomic number of the element copper (Cu) is 29, e I i wll b 29 gl (CU) Juladll peaial (gpal] aoall

Determine the period, group and block of an A painl penddlgde gaadlys gl saa
Whal is the correct electronic configuration of copper Tl YAl e sladnids el e al) ‘ LE . ..
' = element has an electron configuration shown F@V / 03 ,sldal gy SIY o
using the noble—gas notation? below.

2 10 5
[ Ar] 4s3d° [Kr]5s°4d™5p

8yl Period 5
1o 4l0
[ Ar ] 4s!3d
dc gazall Group 17

Kr] 5s?3d° gazall Block p
[

[ Kr ]5s!3d!°
Question 3: Use the following electron notations to locate period, group, block and valence

electrons of each element (4 points) X v > + 1
A) 152@@+ /°= 3 B) [Ne] 3 C) [Ar] 4£2)3d7) D) [Ne] 3s2 3

Period: 2g Period: £...... Periud:\f.ﬁ% Period: ...2...

Group: |2..... Group: ..2.. Group:...%.... . Group: .\./.: oy
Block: ..[=...  _,. Block: ...s.... Block: ....cl... Block: ..f=....

valence: ... valence: <..... Anmed YRIENSS: T valence: ?71 f)



14 CHM.5.1.01.008.02 Use the electron configuration notation, orbital notation, and noale gas notation of an element (Z 1 - 36) to identify the location of an element in the periodic
table (period, group and block)

Textbook + example problem 1

0.1?': xTkkxk BONU5 xTkkxk 5 .:- .H
Using the following electron conflguration,

s | sl What is the pericd, group, and block for an Al g il Ll iy A pagally e ganally 30001 1
o Gl g S el i Sl
o element with the following electron configuration? Tl gy g
5 d
[Ar] 4s% 3d ,
[Ne] 3s* 3p°
T yalall dgi ady 530 | Jaipl b aigeald b / ——
In which block in the periodic table the elements is most e Sl e
likely found? Group e paxall Period § 5 Block peadi
Block s B \ § panal
i lock = lasy p, . X xe ] IXx
5 Blckp '\\ﬂé CSYIQIT P s -
A !
Block d 0 psadl .
@ o = Group 4z geal Period & sl Block asall
4.

\(1? ,><‘ 6 f )Q/<

Group A& paall Period 5_ s Block sl

Q.10: 554l 5 45 gaall
Which of the following is the comecl electron configuration

of an element in group 2. and the fourth period?

o NG N K
Group e gl Period 330 Block aea!
\1? \ 3 \ p

-
[Ar]ds® 3d? S+ @/ecmm K

1 [He]2s? 2p?

[Ne]3s? 3p?
[Ar]4s®

A

0

= Vel CnGe electryys

w\/\o/(l) . 1&;\/\]@ NYmbty

ARCEY.
Sw(}'o + QQC’T\%anT\
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CHM.5.1.01.008.02 Use the electron configuration notation, orbital notation, and noale gas notation of an element (Z 1 - 36) to identify the location of an element in the periodic

14
table (period, group and block)

Which of the following arrangement represents

an element in group 4, period 4 and block d?

[Ar] 4s7 3d*

[Ne] 3 3p* >

[Ar] 452 3d10 4p4

[Ar] 45 3d'° 4p’ 3

e S 4l el gl

(10 oy 4 5359 4 Jpgmnd 3

Texthook + example problem 1

46

Which of the following table represents an atom with
the following electron configuration: [Ne] 3’ 3p'

) g Y D i s A g

[Ne] 3s’3p'
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16 CHM_5.1.01.009.06 Explain the periodic trend of atomic radii across a period and down a group

Atomic Radius

Many properties of the elements tend to change in a predictable way, known as a trend,
as you move across a period or down a group. Atomic size is one such periodic trend.
The sizes of atoms are influenced by electron configuration.

Recall that the electron cloud surrounding a nucleus does not have a clearly defined
edge. The outer limit of an electron cloud is defined as the spherical surface within
which there is a 90% probability of finding an electron. However, this surface does not
exist in a physical way, as the outer surface of a golf ball does. Atomic size is defined by
how closely an atom lies to a neighboring atom. Because the nature of the neighboring
atom can vary from one substance to another, the size of the atom itself also tends to
vary somewhat from substance to substance.

For metals such as sodium, the atomic radius is defined as half the distance between adja-
cent nuclei in a crystal of the element, as shown in Figure 11. For elements that commonly
occur as molecules, such as many nonmetals, the atomic radius is defined as half the
distance between nuclei of identical atoms that are chemically bonded together. The atomic
radius of a nonmetal diatomic hydrogen molecule (H,) is shown in Figure 11.

Bonded metallic
sodium atoms in

Bonded nonmetal hydrogen
atoms in a molecule

Radius

Radws
m;&md a metal alom‘l;w-hdl The uc;:::o mnmmh often  Figure 11 Atomic radii depend on the type
Istance between two adjacent determined from a molec two
atoms in the ¢rystal identical atoms. of bonds that atoms form.

Textbook + figures 11, 12 , 13 + example problem 2 + practice
problems

Chemical symbol 18
Atomic radius TR

Relative size

.

15

14

16

N

Trends within periods

Figure 12 The atomic radii of the
representative elements, given in
picometers (107 m), vary as you
move from left to right within a
period and down a group.

Infer why the atomic radii increase
as you move down a group.

In general, there is a decrease in atomic radii as you move from left to right across

a period. This trend is illustrated in Figure 12. It is caused by the increasing positive
charge in the nucleus and the fact that the principal energy level within a period
remains the same. Each successive element has one additional proton and electron,
and each additional electron is added to orbitals corresponding to the same princi-
pal energy level. Moving across a period, no additional electrons come between the
valence electrons and the nucleus. Thus, the valence electrons are not shielded from
the increased nuclear charge, which pulls the outermost electrons closer to the

nucleus.

Ahmed Elgharpawy
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Textbook + figures 11, 12, 13 + example problem 2 + practice

16 CHM_5.1.01.009.06 Explain the periodic trend of atomic radii across a period and down a group

problems

Trends within groups

Atomic radii generally increase as you move down a group on the periodic table.
The nuclear charge increases, and electrons are added to orbitals corresponding to
successively higher principal energy levels. However, the increased nuclear charge
does not pull the outer electrons toward the nucleus to make the atom smaller as
you might expect. Why does the increased nuclear charge not make the atom
smaller?

Moving down a group, the outermost orbital
increases in size along with the increasing

Generally decreases

& A

g @ principal energy level; thus, the atom becomes
E. I. larger. The larger orbital means that the outer
g - electrons are farther from the nucleus. This

&

increased distance offsets the pull of the
increased nuclear charge. Also, as additional
orbitals between the nucleus and the outer
electrons are occupied, these electrons shield the
outer electrons from the nucleus. Figure 13
summarizes the group and period trends.

Trends in Atomic Radsi

Figure 13 Atomic radii generally
decrease from left to right in a period
and generally increase as you move
down a group.
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EXAMPLE Problem 2

ELECTRON CONFIGURATION AND THE PERIODIC TABLE Which has the largest atomic radius:
carbon (C), fluorine (F), beryllium (Be), or lithium (Li)? Answer without referring to Figure 12, Explain
your answer in terms of trends in atomic radii.

1 ANALYZE THE PROBLEM

You are given four elements. First, determine the groups and periods the elements occupy.
Then apply the general trends in atomic radii to determine which has the largest atomic radius.

2 SOLVE FOR THE UNKNOWN
From the periodic table, all the elements are found to be in period 2. patermine the periods.

Ordering the elements from left-to-right across the period yields:
Li,Be, C,and F.

The first element in period 2, lithium, has the largest radius.

Apply the trend of decreasing
radii across a period.

3 EVALUATE THE ANSWER

The period trend in atomic radii has been correctly applied. Checking radii
values in Figure 12 verifies the answer.

PRACTICE Problems W ADDITIONAL PRACTICE

Answer the following questions using your knowledge of group and period trends in atomic radii.
Do not use the atomic radii values in Figure 12 to answer the questions. S A e S _}_ H ®
16. Which has the largest atomic radius: magnesium (Mg), silicon (Si), sulfu (S)
or sodium (Na)? The smallest? K
17. The figure on the right shows helium, krypton, and radon. Which

one is krypton? How can you tell?
18. Can you determine which of two unknown elements has the larger

radius if the only known information is that the atomic number of one

of the elements is 20 greater than the other? Explain.
CHALLENGE Determine which element in each pair has the largest atomic radius:
a. the element in(period 2, group ¥; or the element in period 3, group 18
b. the element in\period 5, gr 2))or the element in period 3, group 16
c. the element in period 3, group 14; or the element in|périod 6, group 15
d. the element inperiod 4, group 18)or the element in period 2, group 16

19.

Ahmed Elgharpawy
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Textbook + figures 11, 12, 13 + example problem 2 + practice
16 CHM.5.1.01.009.06 Explain the periodic trend of atomic radii across a period and down a group fig e — ple pr P 43,50, 51

Which is the correct ascending order of the atomic radius | 5.3 jelie e JU 530 Jhill cieal waas el 535 bealll a3l e
for theperiod 4 shown in the table below? ol Jaaad B A dayl
< Element symbol K [ Ga|Ge| Ca
a’m*& PQV[OJ— )'...’.”J
Atomic number 19 /31 (32| 20
$AD D
A. (lowest) Ga — Ge — Ca — K (highest) (#AY) K «~ Ca+~ Ge— Ga(W) .A
@(M)Ge-ocaﬂu-ol((hwn) L— (MY K « Ca« Ga+« Ge (J).B
C. (lowest) K — Ca — Ga — Ge (highest) (#Y) Ge « Ga « Ca « K(J) .C
D. (lowest) Ca — Ga — Ge — K (highest) (MY K « Ge—Ga+~ Ca (M) .D

Which of the following figures shows the trends of the wwhﬁ‘ﬁaéﬁ)&n—ba;)ﬁ:‘jww‘ﬂj

atomic radius through both a period and a group? $ic ganally
Generally decreases Generally increases
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Textbook + figures 11, 12, 13 + example problem 2 + practice
16 CHM.5.1.01.009.06 Explain the periodic trend of atomic radii across a period and down a group P e 43 ,50,51

Q.1: Ay, Ui il
Why atomic radii generally decrease as moving from left to el e Osadl Al Ha D! e 30,30 et Gl i B
right across a period? Tale way

A U Gl U

Atomic radii decrease

= Sl sal (2:0\-(0! symbol
B M b i omic radius
b 4 ©® - Relative size o oty
-~ ) o . L) - .
.l77:1‘~~ -~ L ﬂ?( P’!- P\‘o ').' "r~ »n
'"® e ® o o e e |e
- ‘t.*v-c‘ .A- -u‘.u '-To "o .}l ml'o w'b -.
'® ® o e o ® ®|®
K TiFce wr| 'o-'m}i.u}?g.u'c’\. e nele |
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| | |
"' $® S © o o o o0
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1- Which of the following elements has the largest atomic radius?
a) Na b) K c) Br d) Cs
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lonization Energy

To form a positive ion, an electron must be removed from a neutral atom. This requires
energy. The energy is needed to overcome the attraction between the positive charge of
the nucleus and the negative charge of the electron.

lonization energy is defined as the energy required to remove an electron from a
gaseous atom. For example, 8.64 x 107" ] is required to remove an electron from a
gaseous lithium atom. The energy required to remove the first outermost electron from
an atom is called the first ionization energy. The first ionization energy of lithium equals
8.64 x 107 |, The loss of the electron results in the formation of a Li* ion. The first
ionization energies of the elements in periods 1 through 5 are plotted on the graph in
Figure 17.

Removing more than one electron

After removing the first electron from an atom, it is possible to remove additional
electrons. The amount of energy required to remove a second electron from a 1+ ion is
called the second ionization energy, the amount of energy required to remove a third
electron from a 2+ ion is called the third ionization energy, and so on. Table 5 lists the
first through ninth ionization energies for elements in period 2.

Reading across Table 5 from left to right, you will see that the energy required for each
successive ionization always increases. However, the increase in energy does not occur
smoothly. Note that for each element there is an ionization for which the required
energy increases dramatically. For example, the second ionization energy of lithium
(7300 kJ/mol) is much greater than its first ionization energy (520 kJ/mol). This means
that a lithium atom is likely to lose its first valence electron but extremely unlikely to
lose its second.

Think of ionization energy as an indication of how strongly an atom’s nucleus holds
onto its valence electrons. A high ionization energy value indicates the atom has a
strong hold on its electrons. Atoms with large ionization energy values are less likely to
form positive ions. Likewise, a low ionization energy value indicates an atom loses an
outer electron easily. Such atoms are likely to form positive ions. Lithium's low ioniza-
tion energy, for example, is important for its use in lithium-ion computer backup
batteries, where the ability to lose electrons easily makes a battery that can quickly
provide a large amount of electrical power.

First lonization Energy of Elements in Periods 1-5
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Figure 17 The first ionization energies for elements in periods 1through 5

Ahmed Elgharpawy



17

18

CHM.5.1.01.009.07 Define ionization energy (first ionization energy) Textbook

52

CHM.5.1.01.009 10 Explain the trend of first ionizaticn energy across a period (Exceptions between Groups 2 & 3 and 5 & 6 are included), and down a group of the periodic table  Textbook + fiqure 17

| Which of the following diagrams represents the o S A asleS) gl Aile 255 Sid ) Silaladdl
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2- Which element has the lowest first ionization energy?
a) Cl b) F c) Br d) |
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1" lonization energy in the periodic table? Tl Jyad A
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Gaining electrons

When atoms gain electrons and form negatively charged ions, they become larger. The
addition of an electron to an atom increases the electrostatic repulsion between the
o e atom's outer electrons, forcing them to move farther apart. The increased distance
pm between the outer electrons results in a larger radius.

Figure 14b shows how the radius of chlorine increases when chlorine atoms form

lonic Radius o

Atoms can gain or lose one or more elec-
trons to form ions. Because electrons are

negatively charged, atoms that gain or lose
electrons acquire a net charge. Thus, an ion

nan aton.t i bondec! group of atoms that Sodlur::tot:l o Sodium fon (Na*) negative ions. Adding an electron to a chlorine atom increases the electrostatic repul-
has a positive or negative charge. (Neps (el sion among its valence electrons. The increased repulsion causes the electrons to move
You will learn more about ions later, but for farther apart and results in the radius of a chloride ion being almost twice as large as
now, consider how the formation of anion @ that of a chlorine atom.
affects the size of an atom.
e

: P tors
Losing electrons onic radius
When atoms lose electrons and form Chlorine atom (C) Chlorine ion (CI-) Conicel symbol
positively charged ions, they always [NeJ3s23p5 [NeJ3s23pSor [Ar] Charge
become smaller. The reason is twofold. The o

electron lost from the atom will almost

always be a valence electron. The loss of a Figure 14 The size of atoms varies greatly when they

valence electron can leave a completely ! «ms ) )
empty outer orbital, which results in a a. Pos:t;:‘e ':‘ons are smaller than the neutral atoms from which

tadios, bl b. Negative uons are larger than the neutral atoms from which
static repulsion between the now-fewer eniloras 0

number of remaining electrons decreases.

As a result, they experience a greater

nuclear charge allowing these remaining electrons to
be pulled closer to the positively charged nucleus.

Figure 15 The ionic radii of most of the representative elements are shown in picometers (10 m).
Ahmed Eldelpfravipythe fonic radit increase for both positive and negative ions as you move down @ group.
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Trends within periods

The ionic radii of most of the representative elements are shown in Figure 15. Note that
elements on the left side of the table form smaller positive ions, and elements on the
right side of the table form larger negative ions.

In general, as you move from left to right across a period, the size of the positive ions
gradually decreases. Then, beginning in group 15 or 16, the size of the much-larger
negative ions also gradually decreases.

Trends within groups

As you move down a group, an ion’s outer electrons are in orbitals corresponding to
higher principal energy levels, resulting in a gradual increase in ionic size. Thus, the
ionic radii of both positive and negative ions increase as you move down a group. The
group and period trends in ionic radii are summarized in Figure 16.

22,33

- EGet It?

Positive ions decrease  [de . . -
> wcocd Explain why calcium has a greater atomic radius
than magnesium.

Which of the following ions has the largest ionic radius?

A- 0¥ h
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1%t [[e=4

Trends in lonic Radli

Figure 16 The diagram summarizes the general trends in
ionic radii,
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CHM.5.1.01.009.14 Describe the trend of ionic radii across a period and down a group of the periedic table

Textbook + fiqures 14 , 15+, 16

Using the figure below, if A represents an atom and B
represents an ion of the same element
Which of the following statements is TRUE?

peaiad) b 9% a0 By 35 Jayy A K13 0l JS1 adiieas

8)3
Atom

PN

A. The ion is positive as the ionic diameter becomes
la when an electron is lost

N CusEN Gl e 8l gl el el S i ge a1 A

B,) The ion is negative as the ionic diameter becomes
larger when an electron is gain

Y TR g R U e [P

C. The ion is negative as the ionic diameter becomes

HED 5 G ey 81 ) sl S s o1 C

smaller due the decrease in the electrostatic repulsion P g N
D.The ion is positive as the ionic diameter becomes A 5 9305 ey 8 a1 Sl sl Sy i ga a1 D
larger due the increase in the electrostatic repulsion iR 3 2SN

Ahmed Elgharpawy
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Why sodium ion Na® is smaller than its atom Na? ¢ N 53 apa fa gieal NA© ) e 048 13
/ - /|—| / ’
126 pm 102 pn Heepm —- 302 pm
Sodium atom (Na) Sodium jon (Ma*) (Na) psrsges @i (Na*)pwiss o)

| Quter orbital is left completely empty. —4 Lo el g ds| 1

o The effective nuclear charge i - s s " B
_ sl iy S Sl Rt ks 53l
increases for the remaining electrons [~ "j -

Il | Increase in number of energy levels > Bl ibgies 220 525 | I
I only Jazd 1
; I and II IT &1
[ only L |
11 and III II .11
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Why CI” ion is bigger than its atom CI?

(C - 2 -
380 pen 181 390 pm o
Chlorine atom (Cl) Chiorine ion {C1) (Ch 2945 355 (CF)siS osel
The electrostatic repulsion between l U ?jgt.__.,_}ﬁﬂ | A Balsj
L 3
the atom’s outer electrons increases Ny s ] das gl ll culsg STY
1, The electronic cloud is stretched outward NG o A A el sas
The electrostatic repulsion between the o Sy GRS EED | alas)
.
atom’s outer electrons decreases X fall Raaglall oilsg SR
11 only BEY ||
[ only daid |
1T and 111 m s

3- Which of the following ions has the largest radius?
a) Si2* C) Al3*

Ahmed Elgharpawy
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d) Si**
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20 CHM.5.1.01.011.02 Explain the periodic trend of electronegativity across a period and down a group of the periodic table Textbook + figure 19 56,57

Electronegativity

The electronegativity of an element indicates the relative
ability of its atoms to attract electrons in a chemical bond.
As shown in Figure 19, on the next page, electronegativity
generally decreases as you move down a group. Figure 19
also indicates that electronegativity generally increases as
you move from left to right across a period. Fluorine is the

Increasing electronegativity

Figure 19 The electronegativ-
ity values for most of the
elements are shown. The
values are given in Paulings, a
unit named after American
scientist Linus Pauling

most electronegative element, with a value of 3.98, meaning . .

it attracts electrons more strongly than any other element Totar iy elacionegnivly

in a chemical bond. Cesium and francium are the least J i e
ik noble gases.

electronegative elements, with values of 0.79 and 0.70,
repectively. In a chemical bond, the atom with the greater
electronegativity more strongly attracts the bond’s elec-
trons. Note that because the noble gases form very few
compounds, they do not have electronegativity values,

Electronegativity Values in Paulings
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a6, 57

Which one of the following elements have 35058 Al el g A0 pualindl oy 6
the highest electronegativity?
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Which of the following is true regarding electronegativity el b 350 ST LILL el L maaa

. 1
b raaea S Laa gl

- in the periodic table? &l
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Electronegativity increases as we move down a group el e de gapal) & JUY! e 450 eSH ALl S35
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26,57

Which of the following symbols (Letters) refers to the

element with the lowest electronegativity?
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26,57
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21 Force that bon atoms together Text book

Valence Electrons and Chemical Bonds

Imagine going on a scuba dive, diving below the ocean’s surface and observing the
awe-inspiring world below. You might explore the colorful and exotic organisms teem-
ing around a coral reef, such as the one shown in Figure 1. The reef is formed from a
compound called calcium carbonate, which is just one of thousands of compounds
found on Earth. How do so many compounds form from the relatively few elements
known to exist? The answer to this question involves the electron structure of atoms
and the nature of the forces between atoms.

In previous chapters, you learned that elements within a group on the periodic table
have similar properties. Many of these properties depend on the number of valence
electrons the atom has. These valence electrons are involved in the formation of chemi-
cal bonds between two atoms. A chemical bond is the force that holds two atoms
together.

Chemical bonds can form by the attraction between the positive nucleus of one atom
and the negative electrons of another atom, or by the attraction between positive ions
and negative ions. This chapter discusses chemical bonds formed by ions, atoms that
have acquired a positive or negative charge. You will learn about bonds that form from
the sharing of electrons in a later chapter.

Ahmed Elgharpawy
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22 Reactivity of elements and factors affect it Textbook

23 CHM_.5.1.02.022.03 Describe how ions (cations and anions) form to fulfill the octet rule

24 CHM5.1.02.022.05 Write the electron configuration notation, noble gas notation and Lewis structure of different anions and cations

Valence electrons

Recall that an electron-dot structure is a type of diagram used to keep track of valence
electrons. Electron-dot structures are especially helpful when used to illustrate the
formation of chemical bonds. Table 1 shows several examples of electron-dot structures.
For example, carbon, with an electron configuration of 1s*2s*2p®, has four valence
electrons in the second energy level. These valence electrons are represented by the
four dots around the symbol C in the table.

Table 1 Electron-Dot Structures

Recall that ionization energy refers to how easily an atom loses an electron. Electron
affinity (EA) is a term used to describe how much attraction an atom has for electrons.
Noble gases, which have high ionization energies and low electron affinities, show a
general lack of chemical reactivity. Other elements on the periodic table react with each
other, forming numerous compounds. The difference in reactivity is directly related to
the valence electrons.

The difference in reactivity involves the octet—the stable arrangement of eight valence
electrons in the outer energy level. Unreactive noble gases have electron configurations
that have a full outermost energy level. This level is filled with two electrons for helium
(1s%) and eight electrons for the other noble gases (ns*np®). Elements tend to react to
acquire the stable electron structure of a noble gas.

Textbook

Positive lon Formation

65

A positive ion forms when an atom loses one or more valence electrons in order to
attain a noble gas configuration. A positively charged ion is called a cation. To under-
stand the formation of a positive ion, compare the electron configurations of the noble
gas neon (atomic number 10) and the alkali metal sodium (atomic number 11).

15*2s%2p*
15°2522p*3s’

Neon atom (Ne)

Sodium atom (Na)

Note that the sodium atom has one 3s valence electron; it differs from the noble gas
neon by that single valence electron. When sodium loses this outer valence electron, the

resulting electron configuration is identical to that of neon.

Figure 2 shows how a sodium atom loses its valence electron
to become a sodium cation. By losing an electron, the sodium
atom acquires the stable outer electron configuration of neon.
It is important to understand that although sodium now has
the electron configuration of neon, it is not neon. Itis a
sodium ion with a single positive charge. The 11 protons that
establish the character of sodium still remain within its
nucleus.

gGet it?

Identify the number of electrons in the outermost energy
level that are associated with maximum stability.

Metal ions

Metal atoms are reactive because they lose valence electrons
easily. The group 1 and 2 metals are the most reactive metals
on the periodic table. For example, potassium and magne-
sium, group 1 and 2 elements, respectively, form K* and Mg
ions. Some group 13 atoms also form ions. The ions formed

Aﬂmﬁ‘i’aﬁ LRA¥ASups 1, 2, and 13 are summarized in
Table 2.

kJ

Neutral 498 =

sodium
atom /

1 electrons
/ (M=)

k 11 protons

M+

10 electrons - Sodium
(10—) —\ ion

j =
11 protons

(1+4)
Sodium lonization
atom energy
Sodium + Electron
ion (Na*¥) (e™)



22 Reactivity of elements and factors affect it Textbook

23 CHM_.5.1.02.022.03 Describe how ions (cations and anions) form to fulfill the octet rule

24 CHM5.1.02.022.05 Write the electron configuration notation, noble gas notation and Lewis structure of different anions and cations

Transition metal ions

Recall that, in general, transition metals have an outer energy
level of ns?. Going from left to right across a period, atoms of
each element fill an inner d sublevel. When forming positive
ions, transition metals commonly lose their two valence elec-
trons, forming 2+ ions. However, it is also possible for d elec-
trons to be lost. Thus, transition metals also commonly form
ions of 3+ or greater, depending on the number of d electrons
in the electron structure, It is difficult to predict the number of
electrons that will be lost. For example, iron (Fe) forms both
Fe?* and Fe'* ions. A useful rule of thumb for these metals is that they form ions with a
2+ or a 3+ charge.

E Get It?

Explain in your own words why transition metals can form ions with 2+ or 3+
charges.

Table 2 Group 1, 2, and 13 lons

Configuration ‘ Charge of lon Formed

Group

65

: 1 [noble gasins’ \ 1+ when the s’ electron is lost
‘, 2 [noble gasins® 2+ when the s? electrons are lost
‘ 13 | [noble gasis’np' 3+ when the s’p' electrons are lost

CHM.5.1.02.022 05 Write the electron configuration natation, noble gas notation and Lewis structure of different anions and cations

Pseudo-noble gas configurations

Although the formation of an octet is the most stable electron configuration, other

electron configurations can also provide some stability. For example, elements in groups

11-14 lose electrons to form an outer energy level containing full s, p, and d sublevels.

These relatively stable electron arrangements are referred to as pseudo-noble gas

configurations. The zinc atom has the electron configuration of 15°2s*2p"3s*3p®4s°3d",

in Figure 3. When forming an ion, the zinc atom loses the two 4s electrons in the outer

energy level, and the stable configuration of 15?2s?2p®3s?3p®3d" results in a pseudo-

noble gas configuration.

Neutral chlorine atom

17 electrons
(17=)

] + e”
17 protons

(17+4)

Negative lon Formation

Nonmetals, which are located on the right side of the periodic
table, easily gain electrons to attain a stable outer electron config-
uration. Examine Figure 4. To attain a noble-gas configuration,
chlorine gains one electron, forming an ion with a 1- charge. ]

After gaining the electron, the chloride ion has the electron

configuration of an argon atom. Chloride ion

. 3 067 2 18 e'e(trons
Chlorine atom (Cl) 15*2s2p"3s%3p° (18— N\

Argon atom (Ar) 15"2s*2p"3s°3p"
An anion is a negatively charged ion. To designate an anion, the 17 protons _/ \

Chloride ion (CT) 15%25?2p"3s*3p"
ending -ide is added to the root name of the element. Thus, a (174)
chlorine atom becomes a chloride anion. 349 n‘:_:ﬂ
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How the atoms of group 15 elements become stable?
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Table 3 Group 15-17 lons

A — By losing two electrons
B - By gaining two electrons

C - By losing 3 electrons

o-ayoatn‘mgs@

Group Configuration Charge of lon Formed
15 i [noble gasins’np’® 3- when three electrons are gained
16 [ [noble gaslns’np* 2- when two electrons are gained
17 ] [noble gas)ns?np® 1- when one electron is gained

Nonmetal ions

As shown in Table 3, nonmetals gain the number of electrons that, when added to their
valence electrons, equals 8. For example, consider phosphorus, with five valence
electrons. To form a stable octet, the atom gains three electrons and forms a phosphide
ion with a 3~ charge. Likewise, oxygen, with six valence electrons, gains two electrons
and forms an oxide ion with a 2- charge.

Some nonmetals can lose or gain other numbers of electrons to form an octet. For
example, in addition to gaining three electrons, phosphorus can lose five. However, in
general, group 15 elements gain three electrons, group 16 elements gain two, and group
17 elements gain one to achieve an octet.

The electronic configuration of sulfur atom (S) is
1s® 28° 2p° 3s* 3p*.What is the electron configuration

of the lon formed by this alom?

65

*15 dopapd) jualis Ci Hd AS
o) O - A

Sy sl - B
g3 Y - C

iy < 3 sl - D

L. 18?287 2p° 387 3p* g (S) cupl 53 3y sy Gl

LG IR JUTO LTSy [P

R A B

C

Ahmijkﬁéﬁ&%ﬁﬁszlip‘ 1828%2p®3s%3p°

18%2s%2p%3s%3p’

1822s°2p%3s?
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Which of the ions below has the following i o ol gl e Describe how ions (cations and anions) form to fulfill the octet rule
electron configuration? ¢ Al g S o e L = _ g ;
e i g ) s ) Jast (096 -0 9k8) Shigl) 95 ooy
— 8 Which of the ions below has the following LS T Y Y- IS R ET (PP
electron configuration?
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Co* 27 -2 = X

<, o
21— 3 21 ~

Cu'" =k 2’? X
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‘hat is the pseudo-noble gas configuration for Cd 120 il L Od pgmadhl) 5 Juddl kD g AV ol 2 e
tom when it loses 2¢? (Cd: 15° 25°2p° 3¢7 3p ds* 3d''4p* 5s° Ad1")
Cd: 15* 25 2p° 3¢° 3p© 4s° 301" 4pf 5¢7 40" + ¥ "H/\ al |
( P P‘ P ) F@M,—\\/ﬁd@tfc ﬁﬂj&: Nadl ‘Q_ %Iﬂd ﬁg)[‘ Q/V-Q/(

10 4 lo 4
15 2¢ zpég glgf qésgcﬂo:

- Pt
The Group 13 ¢lements of the periodic table tend to g A A gyl (e 13 4 gl ks Jyal

lose valence electrons to attain a stable outer electron | . lpl Uia judd 2 A& g SN) Gl Al ) g gll RS

[Ar]4s?3d"%4p® configuration and form ions.
What is the charge of the formed ions? RS Sl g Y) Aa e
[Kr]5s°4d®
+2
[Ar]4d*®
0
-3
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The atomic number of zinc equals 30, and ils electron iy SSNN il y 30 iy Cpen Al (530 Jaa)) X
i Which of the following is correct regarding Sl 3L ey Lo vt 3 e o
configuration is 1522522p°3sz3p@d’° 15?25%2p*35s23p®4s23d0 w
negative ion?
Which of the following is the Pseudo-noble gas ® seaiad) 38 (¥ el 8 D G55 g O Lee

/S
A A neutral atom loses one or more valence
configurations for this element’s lon?
electrons, and this requires energy

1522822p63523p64523d8 g A neutral atom gains one or more valence

/<
electrons, and lhisw energy

2 822p63823p63d10
<

A neutral atom loses one or more valence
—_—

1822822p63823p64sl 3d9 electrons, and energy released

1s?2s’2p°3s?3p°3d’

@A neutral atom gains one or more valence
D

electrons, and energy released
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The element zinc (Zn) has an atomic number = 30 i SN 453 30 g U s2e (20) Sea i) als
and its electron configuration is: SN s g 3 L 5l . 1872572p%38%3p%4873d"
What is the pseudo-noble gas configuration for Cd 15°25°2p®3s%3p®4s°3d'°. Which of the following is the 020" ealadl 13 Gl Jadl 4l LAl
atom W.ﬂ it m 2(? pseudo—-noble gas electronic configuration for this
(Cd: 15 2¢° 2p* 3¢ 3p* ds* 301 4 5¢° 4 element’s lon Zn""?
8 2 6 8 6 ? 8
1522522p%3s23p4s23d
,.
9, 8 4, 8
2892900222042
s - 1872s8"2p”3s-3p°4s
27 e29n602e22n62A410
3 L — - -
[Kr)Ss*4d 1s-2s-2p°3s-3p°3d
[Ar)4d*®

1s°2s°2p°©3s-3p°4s'3d’
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CHM_5.1.02.022.10 Explain how an ionic compound made up of charged particles can be electrically neutral

Formation of an lonic Bond

What do the reactions shown in Figure 5 have in common? In both cases, elements react
with each other to form a compound. Figure 5a shows the reaction between the elements
sodium and chlorine. During this reaction, a sodium atom transfers its valence electron to
a chlorine atom and becomes a positive ion. The chlorine atom accepts the electron into its
outer energy level and becomes a negative ion. The oppositely charged ions attract each
other, forming the compound sodium chloride. The electrostatic force that holds oppositely
charged particles together in an ionic compound is referred to as an ionic bond. Com-
pounds that contain ionic bonds are ionic compounds. If ionic bonds occur between metals
and the nonmetal oxygen, oxides form. Most other ionic compounds are called salts.

Binary ionic compounds

Thousands of compounds contain ionic bonds. Many ionic compounds are binary,
which means that they contain only two different elements. Binary ionic compounds
contain a metallic cation and a nonmetallic anion. Sodium chloride (NaCl) is a binary
compound because it contains two different elements, sodium and chlorine. Magne-
sium oxide (MgO), the reaction product shown in Figure 5b on the previous page, is
also a binary ionic compound.

Table 4 summarizes several ways in which the formation of an ionic compound such as
sodium chloride can be represented.

Table 4 Formation of Sodium Chloride

Ahme

LY Y Y Y Y Y )

5 2p

*

Textbook + table 4 + practice problems

Chemical Equation

Na + Cl — Na“"+ ClI” + energy

Electron Configur

One electron Is transferred.

[Nel@s)) + [Nej3s?3p® — [Ne] + (A1) + energy

Ced e Nt

Orbital Notation

One eloctron & trarsterred

\!s 2 p

4] [T[r]
3 k]

ations

J

\
Y
Na

\

atom

d Elgharpawy

B 4

—

(] [ + [ [mr

\ls 25

L%

J

octet

Tl
2p

3s

.
(1) FEE + oo
.y

5 25 2p
B2 5

Na*

Electron-Dot Structures

One electron Is transferred.
Na &+ “Ci: — [NaJ* + [:Ci]” + energy

1 electioes
M-
+

1 protons
M+

Atomic Models

17 edectrons
(7=}

.y -
17 protons
7+)

Chiorme atom

.\

Sodsum son

10 electrons
0=
+

11 protons
m+)

D) 3
cr

.\

Chiloride ion

18 electrons

17 protors
m+)

+ gy

68,69, 70




27

CHM_5.1.02.022.10 Explain how an ionic compound made up of charged particles can be electrically neutral

30 CHM.5.1.02.022 06 Define ienic bond while identifying the type of elements involved and movement of electrons

PRACTICE Problems W ADDITIONAL PRACTICE

Explain how an ionic compound forms from these elements.

What role does ionic charge play in the formation of ionic
compounds? To answer this question, consider how calcium
fluoride forms. Calcium has the electron configuration
|Ar]4s?, and needs to lose two electrons to attain the stable
configuration of argon. Fluorine has the configuration
[He]2s*2p®, and must gain one electron to attain the stable
configuration of neon. Because the number of electrons lost
and gained must be equal, two fluorine atoms are needed to
accept the two electrons lost from the calcium atom. As you
can see, the overall charge of one unit of calcium fluoride
(CaF,) is zero.

1 Cavien (S ) +2 Edons (o )= (1) 24) + @(1-) =0

Next, consider aluminum oxide, the whitish coating that
forms on aluminum chairs. To acquire a noble-gas configu-
ration, each aluminum atom loses three electrons and each
oxygen atom gains two electrons. Thus, three oxygen
atoms are needed to accept the six electrons lost by two
aluminum atoms. The neutral compound formed is alumi-
num oxide (AL,O,).

2 Alions (- )+ 3 Odens (5107 ) = 263+) +3(2-) =0

7. sodium and nitrogen
8. lithium and oxygen

9. strontium and fluorine
10. aluminum and sulfur

11. CHALLENGE Explain how elements in the two groups
shown on the periodic table at the right combine to form

an ionic compound.

Which of the following cations and anions complete

Textbook + table 4 + practice problems

~— Group 2

the chemical equation below to form an ionic compound?

Ahmed Elgharpawy
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‘ 30

Which of the following cations and anions complete the

chemical equation below to form an ionic compound?

[Ne] 3s* + [He] 25 2p' >

Cation (58

X [Ne] 3s!

[HeL?;s2 2p°

Cation (53

Anion sl

X Ne] 3s? 3p°

He] 2s% 2p°

CHM.5.1.02.022.06 Define ionic bond while identifying the type of elements involved and movement of electrons

ol 20la €l Aslaall Ja) A0l gy gl e 6l

t sl o (sl

‘ 68,69, 70

P

What happens when aluminum reacts with nitrogen according
to the equation below? <
A — The Aluminum atom gains 5 electrons and forms AP

—
ion
The Aluminum atom loses 3 electrons and fm@
ion

C - The Nitrogen atom g@electrons and forms N° ion
D-TheNmogenatom@s.}electronsandtamsN" ion
—

i g ) e pgiialY] Jo iy Lasi Sisa |
Salasl 2Ll

o LS Sl § il 8 -
AP gl Gty g S 3 agalll 5 ik -
NT Ll L35 a0 5 ma ) 558 i -

NY" gl 3y g 5 3 Cpmg il )3 S -

Cation a8

Which of the following statements is correct according to the
reaction below?

falal Jeliall Apddly dagane 4000 Sl Al )

XA

tMg +:S: — [Mg] +[s]”

A. Mqlseonsldondanatomwhlchgddeoloctrom JEUN DA g KN e 53 Mg s A
during the reaction =<

B.© lsconslderedmltomwhichlouzelectmm JEUAl JNA g S0 Sl 5 5 ies B
during the reaction

C.The formu compound is o MES A O35l ol jall dages .C
- The overall charge of the formed compound is - 2 A 3D o all LI Ll D
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29 CHM_.5.1.02.022.09 Explain the effect of applying an external force on the crystal

Properties of lonic Compounds

The chemical bonds in a compound determine many of its properties and applications.
For ionic compounds, electrical forces in the ionic bonds produce unique physical
structures, unlike those of other compounds. The physical structures of ionic com-
pounds also contribute to their bulk physical properties.

Physical structure

In an ionic compound, large numbers of positive ions and negative ions exist together
in a ratio determined by the number of electrons transferred from the metal atom to the
nonmetal atom. These ions are packed into a regular repeating pattern that balances the
forces of attraction and repulsion between the ions.

Examine the pattern of the ions in the sodium chloride crystal shown in Figure 6. Note
the highly organized nature of an ionic crystal—the consistent spacing of the ions and
the uniform pattern formed by them. Although the ion sizes are not the same, each
sodium ion in the crystal is surrounded by six chloride ions, and each chloride ion is
surrounded by six sodium ions. What shape would you expect a large crystal of this
compound to be? As shown in Figure 6, the one-to-one ratio of sodium and chloride
ions produces a highly ordered cubic crystal. As in all ionic compounds, in NaCl, no
single unit consisting of only one sodium ion and one chloride ion is formed. Instead,
large numbers of sodium ions and chloride ions exist together. If you can, obtain a
magnifying lens and use it to examine some crystals of table salt (NaCl). What is the
shape of these small salt crystals?

The strong attractions among the positive ions and the negative ions in an ionic com-
pound result in the formation of a crystal lattice. A crystal lattice is a three-dimensional
geometric arrangement of particles. In a crystal lattice, each positive ion is surrounded
by negative ions, and each negative ion is surrounded by positive ions. lonic crystals
vary in shape due to the sizes and relative numbers of the ions bonded, as shown by the
minerals in Figure 7.

Textbook + figure 8 72

Physical properties

Melting point, boiling point, and hardness are
bulk physical properties of matter that are deter-

Table 5 Melting and Boiling Points
of Some lonic Compounds
Melting Point | Boiling Point

mined by the strength of electrical forces between Sompag (°C) ("C)
particles that make up the matter. Because ionic Nal 660 1304
bonds are relatively strong, ionic crystals require KBr 734 1435
a large amount of energy to be broken apart. NaBr 747 1390
I‘hus, ianic cry#als have high .meltmg points and Cacl 782 1600
high boiling points, as shown in Table 5. Many : 4

crystals, including gemstones, have brilliant | S | L e
colors. These colors are due to the presence of | MgO I 2852 3600

transition metals in the crystal lattices.

lonic crystals are also hard, rigid, brittle solids due to the strong attraction between
electric charges that holds the ions in place. When an external force is applied to the
crystal—a force strong enough to overcome the attractive forces holding the ions in
position within the crystal—the crystal cracks or breaks apart, as shown in Figure 8. The
crystal breaks apart because the applied force repositions the like-charged ions next to
each other; the resulting repulsion between electric forces breaks apart the crystal.

+ e+
e

Undisturbed lonic crystal

Before the force is apphed, the crystal
has a undorm pattern of lons

Applied lorce realigns particles.

¥ the appbed force Is stromg enough,
It pushes the ioas out of alignment

Ahmed Elghar pawy

Figure 8 Strong altractlve forces hold the ions in place until a force strong enough to overcome the
attraction is applied.

—
—

Forcas of repusion break crystal apart

A repufisive force created by nearty
like-charged lons bresks apart the crystal
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Another property—the ability of a material to conduct electricity—depends on the

availability of freely moving charged particles. lons are charged particles, so whether 30 CHM.5.1.02.022.06 Define ionic bond while identifying the type of elements involved and movement of electrons
they are free to move determines whether an ionic compound conducts electricity. In

the solid state, the ions in an ionic compound are locked into fixed positions by strong

attractive forces. As a result, ionic solids do not conduct electricity.

The situation changes dramatically, however, when an ionic solid melts to become a
liquid or is dissolved in solution. The ions—previously locked in position—are now free

to move and conduct an electric current. Both ionic compounds in solution and in the What is the property of metals shown in the figure bl i el A Sl eala
liquid state are excellent conductors of electricity. An ionic compound whose aqueous
solution conducts an electric current is called an electrolyte. below?
External
force
70000 — 9000
Y @@
S668 0000
e8ee eee
Thermal and electrical conductivi .
v oSl Bl duag
Hardness and strength ot
g sy A0l

Malleability, ductility, and durability

25bally inealy 3ylall A

Melting and boiling points

el g il i3
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Regarding the properties of ionic compounds, which of the B gl g Al S alliad; Gl Lad

30 CHM.5.1.02.022 06 Define ionic bond while identifying the type of elements involved and movement of electrons

following is incorrect? Az

SuSh g Yy Uladd LoD opb Jady L) 3 0 S S Al Uadl gl (K54
An ionic compound in the solid state, the ions are locked into fixed positions by strong attractive 1
forces, as a resull, ionic solids do not conduct electricity

ARYLL @gu‘,mwth,&wm,&up.yﬂu‘ ,luum,s‘,;,ﬁt,s,m
An ionic compound in the liquid slate, or is dissolved in solution the ions are locked into fixed
positions by strong attractive forces and does nol conduct electricity

2

S A Jeagiy 3l Ba Sl 39S cJgladd) T J WL Vad 3 Sl (K54
An ionic compound in the liquid state, or is dissolved in solution, the ions are free o move and 3
conduct an eleclric current

1 only L |
2 only hid 2
1 and 3 3,]
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