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1 ‘ CHM.5.1.01.001.04 Describe Bohr's model of the hydrogen atom

Energy Absorption and Emission:
The electron can jump to a higher energy level by absorbing energy (excited state).
When it falls back to a lower level, it emits energy in the form of light (photon).

round state -
g ® Electron EXC|tEd state
An atom’s ground state is its o« a .
lowest allowable Nucfeus Nujeus atom gains
energy state. energy, it is said

to be high level

Ground state Excited state



Regarding the figure below, which of the following is frnia b L gl colal JCEIL 3l Logd

correct?

Hectron @

& Electron ® oy
) v 9]
Nudleus Nucleus o

A . Figure 2 represents the lowest allowable energy state of an atom
B. Figure 1 represents the excited state of the atom
C. The atom gains energy until it reaches figure 1

D .The atom gains energy until it reaches figure 2
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CHM.5.1.01.002.03 Relate the principal quantumnumber to the total number of orbitals of the principal energy levels and the number of ortitals in sub-energy levels

The_ quantum mechanical model assigns quantum numbers to atomic orbitals.

1-The principal quantum number

(n) indicates the relative size and energy of atomic orbitals. As nincreases, the orbital becomes larger

‘nergy sublevels: s sw g5 @mm@
n =4 (4 sublevels)

ach principle energy level has sub energy energy levels.
P P &Y gy &Y n = 3 (3 sublevels)

mm n= 2 (2 sublevels)
m n=1 (1sublevel)

f energy level (n=3) has 3 energy sublevels ( 3s 3P 3d) L CL‘*‘f-m Syl

energy level (n=1) has one energy sublevel (1s)

' energy level (n=2) has 2 energy sublevels(2s 2P)

energy level (n=4) has 4 energy sublevels ( 4S 4P 4d 4f)
L FP Bl Sgrms dr g o) Blb Sgiuma S 51 . gty Blb Sgims o pgio Blb Ggiwe F.7 J 1 o Bl Sibgiuna 7 Lol

1s a>ly £ Blo Sgiuwe @ JgV

2s 2p FP B Sgus 2 4 JU

3s3p3d 4syd Al Gbgiuwe 3 4 EJUI
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Which of the following statements is correcl? flaimea 4 clall 4

Principal energy level 3 consislts of three dac B Clgiee SO0 G 3 )l AUall (Geieea (sSu
sublevels, they are 3s, 3p and 3f 3f33ps3s
Principal energy level 3 consists of three Lo h cligiae S a3 el ALY (e (ieSi v
sublevels, they are 3s, 3p and 3d 3d;3ps3s A
Principal energy level 2 consists of two Smed Guglus Ga 2 et )l) ABUA (Syhue GeSh
sublevels, they are 2s, 2d w28
Principal energy level 2 consists of two S pd ugiae e 2 el ABUa) ggiee O9Si
sublevels, they are 2s, 2f 2528 Laa
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1. The principal quantum number (n) indicates:

A. The shape of the orbital

B. The orientation of the orbital in space

C. The relative size and energy of atomic orbitals

D. The spin direction of the electron

The third principal energy level consists of how many sublevels?
A1

B. 2

C.3 2
D.4

. As the principal quantum number (n) increases, the orbital becomes:
A. Smaller and closer to the nucleus
B. Larger and farther from the nucleus
C. More stable

D. Less energetic

by-yousef alsarayrah



5 3 CHM.5.1.01.003.02 Explain the Aufbau principle, the Paull exclusion pnnciple, and Hund's rule

* The aufbau principle states that each electron occupies the
lowest energy orbital available.

* The Pauli exclusion principle states that a maximum of two electrons
can occupy a single orbital, but only if the electrons have opposite
spins.

 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 energy level orbitals.

by-yousef alsarayrah 7



Table 3 Features of the Aufbau Diagram

All orbitals related to an energy sublevel are of All three 2p orbitals are of equal
equal energy. energy.

In @ multi-electron atom, the energy sublevels
within a principal energy level have different
energies.

The three 2p orbitals are of higher
energy than the 2s orbital.

In order of increasing energy, the sequence of

energy sublevels within a principal energy level is
s, p,d, andf.

Orbitals related to energy sublevels withinone | The orbital related to the atom’s 4s
principal energy level can overlap orbitals related | sublevel has a lower energy than the
to energy sublevels within another principal level. | five orbitals related to the 3d sublevel.

If n =4, then the sequence of energy
sublevels is 4s, 4p, 4d, and 4f,

by-yousef alsarayrah



troo Which orbital diagram . 1S correct
Irogen for an atom in its ground state?

N: 1s22s5%2p° ] ey [

3s 3p 4s 3d

l“”””TlTITl o 1] MMM [ [

1s %e zp ] 3s 3p 4s 3d
N A A M

3s 3p 4s 3d
d. 11l [ [t [

3s 3p 4s 3d

. sodium

Na: 1522s22p°3s’
TLITL(TLITLTLY T
1s 2s 2p 3s
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Regarding the electron arrangement with orbital Lo gl colial AW Jalazia Gaapday | 59 56T a2 (3laty Laad

diagram method below, which of the following is ‘o \_,:,b
correct?
This electronic arrangement violates only to the S ol el e aa S STV Can il 3y ety

Pauli exclusion— principle

This electronic arrangement violates only the L gyl Tam aa 39 SV Quipl) 138 (il
aufbau principle

This electronic arrangement violates Hund's slidsl Taaa g xign Bacld aa g SIY) Cadll 13 (sl

rule and aufbau principle

This electronic arrangement violates Hund's ol Faa 5 3gn BaclB aa g SN (Bl 138 (i jlaty v~

rule and Pauli's exclusion principle e

by-yousef alsarayrah 10



Which of the following is true related to the orbital diagrams below? Falial DAY Clalaiiny ey Lo paa 3 s

3p
Matches all electron configuration 9 ¢ 2? L 3s 'T—rT gl iy S e el /
principles 1s = U 0L A1
1
2 . 2
H 3s o e aa I
Matches Pauli exclusion principle 28 ¢ 2
Ls & g (1) (L i
N
3
Matches Hund's rule 21: Ss = 8 e 3
sru [ a— . N
T‘iﬁunuﬂtﬂﬂ e
3p
Matches aufbau principle 2% f—L THFIF syl L e il
1s ) MOERE e 3t |
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Which of the following is true related to the orbital diagrams below?

Matches Hund’s rule

Matches all electron configuration
principles

Matches aufbau principle

Matches Pauli exclusion principle

2 o
25— 2% 7
%iuuuun
2p 33’_?'?_"
15 28 e ) [T
2 ry) AV
2p ,_3L
e e
%Sﬁnnu Lt
3
2 ‘SSTTPT
2 [y I

by-yousef alsarayrah

Gl Yt Calba :‘_,:Ll_mgc..u' q:r‘;._:L..éi

Hga Bl aa iy

sl Selgh S aa ol
s

sl o aa gilay

bl aa il
Azl

12



Which of the following is correct? frua q:;fg Loa .\5(

TR R g bl e A
1s 2s 2p It agrees with Hund's rule

11 [7 [ el (gl e o 8 .
I1s 2s 2p It agrees with the Pauli exclusion principle

T [ [ syl hase a5 &

1s 2 2p It agrees with the Aufbau principle

o A8 Al fanlaag aelsd US ae B
Tl (T4 [T4]T 10 It agrees with all electron configuration rules D v
Is s - and principles
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CHM.5.1.01 003 .05 Write the electron configuration, orbital diagram, and noble gas notation of different elements

e
Atomic Number DIDitaAl Dragras Electron Configuration Notation
1s 2s 2px2p,2p:

Hydrogen 1 T 1s!
Helium 2 i 1s?
Lithium 3 I 152 25!
Beryllium 4 T (1L 15% 252
Boron 5 [ A 1% 252 2p'
Carbon 6 L% Y A Y 15% 252 2p?
Nitrogen 7 T T TLTLLET 1s% 252 2p3
Oxygen 8 T [y e 152 252 2p*4
Fluorine 9 1 Y07 152 252 2p3
Neon Tl

by-yousef alsarayrah
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Atomic

Number
Sodium 11
Magnesium 12
Aluminum 13
Silicon 14
Phosphorus 15
Sulfur 16
Chlorine 17
Argon 18

Complete
Electron

Configuration
1522522p5§_s:‘)
1522522pb3s?

15%2522p%3s%3p!

15%2522p%3s23p?
15225%2p®3s23p?
15%2522p%3s23p?
15%25%2p635%3p3
1522522p535%3p®

Electron
Configuration
Using Noble Gas

[Ne]3s!
[Ne]3s?
[Ne]3s23p!
[Ne]3s?3p?
[Ne]3s23p?
[Ne13523g‘
[Ne]3s%3p5
[Ne]3s23p® or [Ar]

What is the correct noble.gas notation for copper Cu

(atomlc number = 29)?

Cu paaill juaial maacall dosll Hall a5 Lo

?(29 = il .na.!l)

[Ar] 4s? 3d8 4p!

[Ar] 4s2 3d°

[Ar] 4st 3d'°

[Ar] 4s! 39?/—491115efalsarayrah
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5 CHM.5.1.01 003 05 Write the electron configuration, orbital diagram, and noble gas notation of different elemenits

Table 6 Electron Configurations and Dot

Structures
Number | Configuration Structure

Lithium 15228’
Beryllium 4 1s22s? -Be-

| Boron 5 1s%2s%2p' B-
Carbon 6 1s22s?2p? -C-
Nitrogen 7 1522522p3 N-
Ox_ygen ‘ 8 1522522;;4 O— )
FIubrine 9 1s°25%2p° F
[\Ieon; 10 1s22s5°2p® by_yoy’sefalsarayra.ﬂé'
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What is the number of valence electrons

2olial Adpall Ac ganall jalic A aalel Al N Gl aSl s

14
in the elements of the group shown down? .C
Sic ||
B. 8 Ge'| |
C. 4) S
D. 1 Pb-
———— group 17
What is the number of valence electrons ®olisf L) de ganall jualic A aalsB ) FASI Clig ) s
in the elements of the group shown down? i
A.17 Cl:
(8.7 :Br:
c1  E——
q
D.8 :

h\’/_\’/m 1sef alsa rayra h
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Interpret Scientific lllustrations Which is the correct
electron-dot structure for an atom of selenium? Explain.

a. Se. b. .S.e. C. Se s ERRERL 2o

1s% 2s? 2p® 3s? 3p° 4s? 3d'° 4p*
which has an atomic number of 18.

[Ar] 4s? 3d'° 4p*

. For an atom of tin in the ground state, write the
electron configuration using noble-gas notation
and draw the electron-dot structure.

«Sn -

[Kr]5524d195p2

by-yousef alsarayrah
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7

CHM.5.1.01.004.05 Distinguish between a goup and a period in the penodic table

is a horizontal row of
the periodic table

8

Perio?ﬁ table

CHMLS.1.01.004 .04 Identify the information that can be displayed in the pericdic table

7 Periods <

> 18 Groups is a vertical column

l

Groups 1-2 and 13-18

Representative Elements

l

Group 1 Group 2

Alkali Alkaline
metals  earth metals

by-yousef alsarayrah

ﬂ. of the periodic table

Groups 3-12
Transition Elements
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- E + Ni Rl
3 -

4

v

A

. . . ot " Number 1 (Pink Area): Alkali Metals (Group 1 elements, excluding
: | eliinal M | Lic (¢ /4y | dalaiall | !
(Cpnsoned) fBELL) J oY) Ao ganall palic a5 1(s) e/ )4l ) 1 p8A Hydrogen).

Al de gandll palic a5 :(s)tall 4dhaidll) 2 48 11 Number 2 (Yellow Area): Alkaline Earth Metals (Group 2 elements).
dll yalic Ay i(caaiiall 8 A ) dshaidl) 3 B ld () 3 (e Sl sanll Number 3 (Orange Area in the Middle): Transition Metals (d-block
(12 elements, Groups 3 to 12).

A7 e sana palic Jaiii ddhiall 038 1(lis slled) o) juadl) dalaidl) 4 A8 0 Number 4 (Green Area - Halogens): Halogens (Group 17).

(O i) 18 e sandll yualic a5 (Ol sl e o) jeall d3kidll) 5 281 Number 5 (Red Area on the Far Right): Noble Gases (Group 18)

Al juslic a 5) lalall LMEEY) il (sl Jad ol 31 4k 1) 6 ad Number 6 (Blue Area Below the Table): Inner Transition Metals f-

- iyl e " , . S block elements). Divided into two series: Lanthanides (Upper series)
£9). . (olind) ALY ColanniSY (4 shedl Aluledl) calaglinl) = e ) AL - _
$13). ( )= 5 (ke )= - o ¥ and Actinides (Lower series).
by-yousef alsarayrah 20



Nonmetals are elements that are generally gases or brittle, dull-looking
solids. Nonmetals are poor conductors of heat and electricity.

Group 17 is composed of highly reactive elements called halogens.

Group 18 gases are extremely unreactive. They are commonly called noble
gases.

Metalloids,, have physical and chemical properties of both metals and
nonmetals.

The transition elements are divided into transition metals and inner
transition metals.

The two sets of inner transition metals, known as the lanthanide series and
the actinide series, are located along the bottom of the periodic table.



Which number represents inner transition metals in the Jodall sliaf  Jadads ) B ALl Ay cplal Jia 453-“ abyll La

diagram of periodic table of elements shown below?

Si

-
=
e
« »
\d

A. 1l

B.3

C.5

D.6

by-yousef alsarayrah
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What elements are represented by the region labeled by the ¢ slaf UM 51 Al Leadl LEA dalasall i Al paliell A L

number 1 in the figure below?

1 2
&D g
W e :
HLaf N )
' 3
' SEE
: N3
A. Transition elements Al sl
B. Representative elements Al palied)
C. Actinides il aamey)
D. Alkali metals A glall lydal)

by-yousef alsarayrah
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CHM.5.1.01.004 .04 Identify the information that can be displayed in the periodic table

Atomic —— 8 O — Ssymbol
number

Oxygen — Element
Atomic 15.999

MAass

by-yousef alsarayrah
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9 | 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

* inner transition metals.

The two sets of inner transition metals, known as the
lanthanide series and the actinide series, are located along the
bottom of the periodic table.

Titanium is used to make bicycle and eyeglass frames because it is
strong and lightweight.

by-yousef alsarayrah 25



CHM.5.1.01.004.07 Explain why the properties of the elements in the same group are similar

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 electrons.

Table 3 Electron Configuration for the Group 1 Elements
Period 1 hydrogen 1s' 1s'
Period 2 lithium | 1s2s' [He]2s'
Period 3 sodium 15225%2p°3s' [Ne]3s'
Period 4 potassium | 15?225?2p°®35?3p64s' [Ar}4s’

by-yousef alsarayrah 26



1. According to the text, what is the primary reason that elements in the same group have similar chemical properties?
a) They have the same atomic mass.

b) They have the same number of energy levels (shells).

c) They have the same number of valence electrons.

d) They were discovered by the same scientist.

Group 1 elements each have one valence electron. What can be inferred from this statement?
a) All atoms with one valence electron are metals.

b) The chemical reactivity of Group 1 elements is due to their single valence electron.

c) The total number of electrons in a Group 1 atom is always one.

d) Elements in Group 1 and Group 2 will have very similar chemical properties.

1. Why do elements in the same group of the periodic table exhibit similar chemical properties?

« A) They have the same atomic mass
» B) They have the same number of valence electrons
» C) They are all metals

« D) They have identical nuclear charge

Correct: B by-yousef alsarayrah
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Which element similar in chemical properties to the S gAY il Al jaie Auluasll (alpdl) A ALl a4
element have the electron configuration?

[Hel 2s* 2p°

An element located in block S S panall gk Y| juaie

An element located in block p P aasall 8 ak o)l e
An element located in group 17 17 deganall 8 aks W yuaie
An element located in period 2

2 55l Ak G ale

. Which statement is true about elements in the same group?

A) They have the same number of protons
B) They have the same electron configuration in their outermost shell
C) They have identical isotopic compositions

D) They have the same melting point
Correct: B

by-yousef alsarayrah
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Which block that element have the electron AN g ASIY Gl 53 i) 4gd ady 1) pana g

configuration is located in it?

[Ar] 4s* 3d’

Block S S aeadl
Block d d aesall
Block f f aapall
Block p P panall

by-yousef alsarayrah 29



11 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

table (period, group and block)

Example: Silicon (z=14)

*Electron configuration: 1s2 2s2 2p6 3s2 3p2
*Valence shell: n =3 (3s2 3p2)
*Period: 3

Group: 14 Block: p-block

example: Sodium (Na), Z=11

*Electron configuration (long form): 1s2 2s2 2p6 3s1
*Noble gas notation: [Ne] 3s1

*Period: 3

*Group: 1

*Block: s-block

3.Titanium (Ti), Z = 22

*Electron configuration 1s2 2s2 2p6 3s2 3p6 4s2 3d2
*Noble gas notation: [Ar] 4s2 3d2

*Period: 4

*Group: 4

*Block: d-block

by-yousef alsarayrah
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Electron
Configuration Group Period Block
a. [Ne]3s? 2 3 S
b. [He]2s2 2 2 S
c. [Kr]5s%4d'%5p° 17 5 p

What is the group, period, and block of an element

with the electron configuration [Ne] 3s° 3p*?

Group 16, period 3, block p
Group 3, period 6, block p

Group 16, period 3, block s

Group 3, period 6, block s

bl i Al aaaddly 5y5ally ds el e
f[Ne] 3s3p* ga iy Sl ansjss jeaic
P aanally 3 5)51l5 16 dcsandll

P aanalls 6 553015 3 dc gandll

S aanally 3 3)5lly 16 dc gapall

S aanally 6 552l 3 dcgandl

by-yousef alsarayrah
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What is the period, group, and block for an

element with the following electron configuration?

il 93 peaindl gl oty A aagally 3 ganally 55520 L

[Ne) 3s° 3p°

Group A= el Period ¥ salt Block aeall
2 2 S

Group e sendl Period s 5! Block gt
17 6 p

Group 4e gl Period & 3! Block a~a-ll
15 3 P

Group 4c gl Period 5 ) s2ll Block aexall
17 by-yousef afgarayrah p

¢l 3y syl
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Which of the following arrangement represents

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

[Ar] 4s° 3d°
[Ne] 3s* 3p’

[Ar] 4s” 3d'” 4p*

[Ar] 432 3d10 4p2

by-yousef alsarayrah
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Which of the following arrangements represents an element in group 2, period 4, and block s?

dcgomally 4 8)g2lg 2 degamall (b i Baic Jind Al Ol ol s§

A, [Ne] 35° 3p*
B. [Ar] 45°

C. [Ar] 4s° 3d?
D. [Ar] 3d™ 4p?

L. Answer: B — Calcium (Ca)

Which of the following arrangements represents an element in group 16, period 3, and block p?

dcgamally 3 )92lg 16 degamall b Baic Jiad Al olusydl ol ps

A. [Ne] 35* 3p*
B. [He] 25% 2p*
C. [Ar] 45% 3d"° 4p*
D. [Ar] 4s? 3d®

L Answer: A — Sulfur (S)

by-yousef alsarayrah
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Which of the following arrangements represents an element in group 10, period 4, and block d?

degemnally 4 8)g1lg 10 degamall (b Faic Jiod allill Oluiyill ol dS

A. [Ar] 452 3d°
B. [Ar] 45% 3d"® 4p®
C. [Ne] 3s* 3p°
D. [Ar] 4s2 3d?

L Answer: A — Nickel (Ni)

Which of the following arrangements represents an element in group 13, period 2, and block p?

dcganally 2 8)g1lg 13 degamall (6 aic Jia adlill ol ol ps

A [He] 25* 2p'
B. [Ne] 35° 3p’
C. [Ar] 45 3d"° 4p’
D. [He] 25 2p°

[ Answer: A — Boron (B)

by-yousef alsarayrah
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12 CHM.5.1.01.004.02 Define the main features and characteristics of the modern periodic table

b d block

y
|

f block !

by-yousef alsarayrah



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

st Lot thes-and prblocks comprie the representativ elements.

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 gf energy level n 1.

37



"Which group in the periodic table is considered to ¢ Aluasl) BLa) daie Wpalic A (G Jgand u_g s gasall La
have chemical activity?"

raliadl (59l Jgand)

1 PERIODIC TABLE OF THE ELEMENTS 18 18 is gazal)
14 $A :

1 3

| 2 13 14 15 16 17 | He
1oos | a3 34 44 54 6A  7A | -

T | 4 s T 61 71819 |10 2 4cganall
Li | Be Blc|nN|o| F |
£941 9012 1081 12.01 1401 1600 1900 20.18

THREE 3] 18 | 1511617218

Na .\I- 3 4 § 6 Y 8 S 10 11 12 | Al | Si P $ Cl | Ar a
2 4 3‘1 3B 4B SB 6B 7B SB SB SB 1B 2B | 2698 | 2809 | 3097 | 3207 | 3345 | 3993 l 7 4","‘%‘1‘
19 | 200 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29.]| 30 | 31 | 32 | 33 134 | 35 | 36

K Ca Se Ti AY Cr | Ma | Fe | Co Ni Cu | Zn | Ga | Ge | As Se Br | Kr
»i0 4008 o5 | 4788 0 5200 s 35835 %93 e 63.53 53 SN 72.61 N N N $3.80

37 | 38| 39 | 40 | 41 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 31 52 53 54 aﬁ g A ‘!
Rb | Sr Y Zr | Nb | Mo | Tc | Ru | Rh | Pd | Az | Cd | In Sm | Sb | Te I Xe l ’ \
$547 | §762 | S891 | 9122 | 9291 | 9595 &%) 1011 029 1064 | 1079 | 1124 | 1148 1187 | 1218 1276 1269 1313
55 56| 57 | 73 4| 75 76 | 77 78 | 79 | 80 | 81 82 | 83 | 84 | 85 86
Cs | Ba| La | Hf | Ta | W | Re s |\ Ir Pt | Au | Hg | TI | Pb | Bi | Po | At | Ra
1329 | 3373 | 1389 | 1783 1809 | 1838 | 1882 1902 | 1922 1931 1970 | 2006 | 2084 | 2072 | 2090 | GO Q10 | 2
87 | 88 | 89 | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 | 117 | 118
Fr | Ra| Ac | Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg | Ca | Nb | F1 | Mc | Lv | Ts | Og
e3) | e @2 G5 | Ge | @) | @) | @89 | @5 | @D | @) | @385 | @88 | Q8% | 289 | 3 | G5 | 089
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"What number represents the

group of noble gases?" Jptall ol (adadil) puasl (2 AL i) s sana iy S N Lo

¢ paliall (59

| + Si oL a'l
1] 2 : ; N : : b_z
- : c-4

4 : 1 e

by-yousef alsarayrah 20



13 [cHM.5.1.01.009.06 Explain the periodic trend of atomic radil across a period and down a group

Generally decreases

1 Chemical symbol 18
Atomic radius

Relative size

—_

13 14 15

Generally increases
o mEEEEm

Trends in Atomic Radii 3

* Explain the periodic trends of atomic radii across a period and down
a group.

*Across a period (left to right): Atomic radius decreases.
e Reason: Increasing nuclear charge.

*Down a group (top to bottom): Atomic radius increases.

e Reason:, higher energy levels are added; increased shielding :

by-yousef alsarayrah 40



Why atomic radius generally increases as move down a group? f4s gasa (ji B ES dﬂ—& Juay) aie R:. sl )M‘Y‘ cileadl Alay alal

1 St . Chemical symbol

rd—— 2 .
prre—— [« 2 it st aee Atomic radius T
ol S ! Relative size ‘
™ -

P bt

2 O " L] “ ”

U %52ise m |.U$C J7IIN 7510 73F 72 INe N

2

® 6| o 0|0 e e
mw

mu{u,uo A Ml s el s wila wolar 9

.1}’...'..

K 227/Ca 7| |Ga1)5|Ge122|As120 | Se 19| Be 14| Ke 12

Rb 248/ 3¢ 215 n %2 MO [Te M2/ 1 13| Xe

o
Sn 140

@O oo eolooe
o e
&

Cs 205 8a 222 n vo B 150 | Po %8 | At MO | s MO

Hee rore et Mg .19
2SL3JoUl Snipel JiWoje Ajjeiaua

f
‘@0 oo e0oo
Because the principal energy level remains the same sl et Al goiae el s
Because the valence electrons are farther from the nucleus Byl e IS il g S0 Aoy Al Cas
Because the decreasing positive charge in the nucleus Bl Liad Lokl Casees
Because the valence electrons are closer to the nucleus Beill e ST g SN G Lo Can
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Why atomic radil generally decrease as moving from lefi 1o 594l A Gaad) (A Sland) (o JEDY) die A UaEY) Ciladl Ja5 13l
right across a period?

Generally decreases
~» Chemical symbol
. T o s e Atomic'um‘us T
. e —— Relative size i
E 2 ) - L3 » v
U B2isemz| (8 s5/c 72|n 5|0 nF 72{me n| A
2 . ® ololo|ole|le Because the number of principle energy levels decrease daatyl) Qlall iligiss 2m Sleali o
Na W8 Mg w0 NS mirwis VO AM N
'® O ©® e/ e e|o e
K 227¢Ca W™ Caths Ce 2 A0 % ™ e ™M Ky W b.
“ ol eleo e ol e Because the positive charge in the nucleus decrease sl b Al Al el
48 5 s W SaMOISHMO (Te M2/ 1) | Xe )
’ ®©6 6 6606
; ptc oty IR Lud g M BT E Because the positive charge in the nucleus increase Bl A Rmgall Aiadll 5 o
® 6 ¢ o 6o o
[ -~
.
d.}
E Because the number of principle energy levels increase Aaayll AM)) Diligise 22 B3G5
.
H
.
.-

bewwwnweewwd



Which is the correct ascending order of the atomic radius | 53l jele e J9 5 30 bl cheal s myaaall 530 balll i ) W
for the period 4 elements shown in the table below? Tkl Jgdadl B Al day) ) |
Element symbol K |[Ga|Ge| Ca
il A
Atomic number 1931 32| 20
SAN 2an
A. (lowest) Ga — Ge — Ca — K (highest) (MK <« Ca«—Ge« Ga() .A
B. (lowest) Ge — Ga — Ca — K (highest) (AY)K « Ca« Ga« Ge (W) .B
C. (lowest) K — Ca — Ga — Ge (highest) (49) Ge « Ga+« Ca« K(&) .C
D. (lowest) Ca — Ga — Ge — K (highest) (M9 K <« Ge~Ga+~ Ca (M).D

6) Which of the following electron configurations
has the minimum atomic radius?

A | [Kr|5S824d'%5P* |B | [He]2S?2P* C [He]2S? D [Xe]6S!

€58 kB ciuai (B dlliag 4000 4359 S cilay 5 i) (i |
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Across a Period (Left - Right): Example: Na* > Mg'3+ s A3
*The ionic radius decreases across a period.

(For anions, like N°~ — 0° = F,

¢ Down a Group (Top = Bottom): e Example: Li" < Na" < K*

by-yousef alsarayrah
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14 CHM.5.1.01.009.10 Explain the trend of first ionization energy across a period (Exceptions between Groups 2 & 3 and 5 & 6 are included), and down a group of the periodic table

When _ and form positively charged ions, they always

9 (ALl ilig fSIVI oo 51 0950 dus- gl ligig Wl ade OY ) Laarge 0¥ Jgas g A8 Bydll JAdS Ladis

MRENREERER i< twofold: ° g
1-The electron lost from the atom will almost always be a valence electron. ) b ' =
. pm pm
The loss of a valence electron can leave a completely empty outer orbital,
which results in a smaller radius. - .
Sodium atom (Na) Sodium ion (Na*)
[Ne]3s' [Ne]

2- the electrostatic repulsion between the now-fewer 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

Example: Na® > Mg* > Al**

nucleus.
fopan Sl 109 A8 CIEE 131 Byddl x> yiuas 13La]
JUigl JAD A5 AUl Sgiun § 09 ASIVI (ST 3351 019 ASII 0950 34all B)3 budds S og ASIYI -1
el Jaad (Jluwygl waa 4567 ) (A

(SBLS Lgin Saaze ddles Wi g AUV ) J& dudciadl calig AUV o (Sliwg ASIVI L8001 -2
L)) Ladd ol gl ol dudciall g ASIIN Loty Bl ghaniligdig Al prasuad 45



When _ and form negatively charged ions, _

il O Jgmxiig Lgases 3133 walig A8 Byl ST 131

1- The addition of an electron to an atom increases the electrostatic repulsion
between the atom's outer electrons, forcing them to move farther apart.

2-The increased distance between the outer electrons results in a larger
radius.

(A8l (S giumn 31 lig ASUI ) 8GN g ASUN cr (FuSlinn g ASIVN HBLAN1 oo oy Byl g AN ABLD) + Caasd)
! Blayd () Ul Sgiume g AU g 01l (u ddlunall 21330 8331 e dais Wy AV Jaze Les

o
(i——d mmg> ] : ; ; 3- - -
<100 prm | j (For antons, like N°™ — O = F,
Chlorine atom (Cl) Chlorine ion (CI)

[Ne]3s?3p® [Ne]3s?3p°or [Ar]
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Group Trend — As you go down a
column, ionic radius increases.

Periodic Trend — As you go across a period (Left
to Right), ionic radius decreases

Example: Na* > Mg > AP

17
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©
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=
©
—
]
=
]
()

A=k —== ol
) 53 e g = =
i Il i.‘ ‘ l il

[ |
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Which of the following ions has the largest ionic V) el il Caial o g Slig g

radius? E— ion Size
| j vecres G . o
(These ions are for the@ements of group 2)in the (Gl Jsandl 22 deganall 2 jealial Cligad) 024 )
periodic table) \l/
Ca® Sr2* Mg** Ba’* lons s
oAl 2a
20 38 12 -
Atomic number

b

122
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Winch o U foleasrey oo bars Uwe Bargest onic iadios?
& 0O

B - N

cC-Lu

gq_-._,;_:,j.a.._'._..._- il al Gl iagl e

o" -aA
N B
U -c

49



Why CI” ion is bigger than its atom CI? ¢ Cl Gyd san e 8 CF (a0 saa (455 13

«-@Q@ @

Chlorine atom (Cl) Chiorine ion (CI-) (CD »#4S 3,5 (C) 2915 osdl
; The electrostatic repulsion between O Sty SN AL Balsj 1
" | the atom’s outer electrons increases 5 A il gyt [
ll. | The electronic cloud is stretched outward ol g K1 Ll aas | LM
N The electrostatic repulsion between the O Sl SN il i) o
i atom’s outer electrons decreases 5all Ao jlall ilsg mSIY b
II only Juis [1
I only dais |
Iand I1 IT 51
ITand IM msn

by-yousef alsarayrah 50



Why sodium ion Na™ is smaller than its alom Na?

93 om

Sodium atom (Na) Sodium ion (Na*)

€ Na 43,3 aaa G jaal Na™ 5all aaa 0G0

' ﬂ_&;y —— \'5"2 pm

(Na)psss—m 355 (Na™)pssss ol

I Outer orbital is left completely empty.

Lo L ot st goae sl 1

The effective nuclear charge
increases for the remaining electrons

AAsal iy SSWY A sledll Lk Hib sl | TE

I | Increase in number of energy levels

Al Cilgiae 230 5245 | T

Iand I1

II and 111

II only

I only

daad J1

L |

51
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16 CHM.5.1.02.022.03 Describe how ions (cations and anions) form to fulfill the octet rule

17 CHM.5.1.01.003.05 Write the electron configurationusing electron-dot structure, orbital diagram, and noble gas notation for ions

Positive ion (+) formation. (cation)

Q: How is a positive ion formed??
When an atom loses one or more valence electrons to attain noble gas (octet rule).

* Number of electrons become < Number of protons aop k.
* The process needs energy i / e - ”.ﬁ
: 11 098! (10-) 23
* After losing electrons the atom becomes stable.(P®) s
. e _/. + e
k 11 o M=

Q: what is relationship between the

charge and the valence electrons. | ) |
Céncina = A (AR Y = CrAven A= a0 | Na atom | Na* ion

Table 2 Group 1, 2, and 13 lons

(4 (11+)

1 [noble gas]ns’ 14+ when the s' electron is lost
2 [noble gas]ns? 2+ when the s? electrons are lost
13 [noble gas)ns’np’ 3+ when the sp' electrons are lost

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.
by-yousef alsarayrah
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Positive lon Formation

Transition metals commonly form 2* or 3* ions
but can also form ions of 3* or greater.

Other relatively stable electron arrangements
are called pseudo-noble gas configurations.

n

A [T (T[T T 7] + energy —
4s 3d

Zn2+

A [TUACRTRTIAT] + 26
3d




The orbital notation of Magnesium is shown in the figure oolial JSEN A fde agaeariball SIAN Gaa 3l

below. How does Magnesium form its ion? 24y Sal gl appasthall C1aSs S

13 [T [T [T
1s 2s 2p 3s

Lose four electrons iy iSI 4 e
Gain one electron Al G S s
Gain two electrons Oy Sl Sy

Lose two electrons (g iSH daay

by-yousef alsarayrah 54



What happens to a zinc (Zn) atom when it gains Tl oSS Laxie (ZN) Gaeajladl 5,00 Ganay 13l
energy?

Zn

tArd L] [TU[TLI AL T + st —s
4s 3d Se

It loses an electron from the 3d sublevel, and an Sieall e Uy 7€lly 3d o dl) syiall (e Uy oSl 22
electron from the 4s sublevel, and reaches Gl aed gl np G Jemsg dS =il

the pseudo-noble gas configuration

It loses two electrons from the 4s sublevel and DN ns M Sty 48 ol (gyieaall e g ASY) 230

reaches the pseudo—noble gas configuration el s

. —————————————————— " —_————-—- - - - T ———————————————— - -

It loses one electron from the 4s sublevel and Zn' el 5S4 A gl (e 13alg Uy psi) B
forms a Zn'" ion

It loses an electron from the 3d sublevel and an sl (he Uy 5y 3 ol (pisall e Uy ASI) a5
electron from the 4s sublevel and forms a Zn?' ion Zn?" Gl e 4s =Rl

25



18 CHM.5.1.01.003.05 Write the electron configurationusing electron-dot structure, orbital diagram, and noble gas notationfor ions

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.
Chlorine atom (Cl) 1s22522p*3s?3p°
Argon atom (Ar) 1s*25°2p®3s°3p°
Chloride ion (CI") 1s?25?2p®3s*3p°

Table 3 Group 15-17 lons

m Configuration Charge of lon Formed

15 [noble gasins’np*® 3— when three electrons are gained
16 [noble gas]jns?np? 2— when two electrons are gained
17 [noble gas]ns?np® 1- when one electron is gained

by-yousef alsarayrah



Which of the following electronic configurations forms +3 ?

¢ 3— Aiandy il gl (35 AN A g IV ey 3 53 g
<ol LAl

1.[Ne]
2.[Ne]
3.[Ne]
4.[Ne]

3s? 3p
3s2 3p?

3s2 3p*
3s? 3p°

Which of the following groups its element gain two

electrons and form ions with charge=-2?

St LAt i et he a kit b

L £ 0L b B RS SRS e
A NN R N O

RO N ga

N Y Y Y EY YT
i b isbaedbinns i

OS5 9 O g RSN W jualie CandiSS AL Cile gaaal) (5
¢ .2 Lgda JS Adad gl

17

15

13

16

by-yousef alsarayrah
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Using the orbital notation of sulfur atom shown below,

how does sulfur atom forms an ion?

T

T

H

T

Iy

T

1s

25

X

¥

Y
2p

Loses two electrons

Gains one electron

Loses four electrons
by-yousef alsarayrah

O Cupsl) 09 LS colial JSEN B (pas CuypuSl SISl

faa Laladll

3aly (g5 QS
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electron configuration of phosphorus atom is: 1s%2s?2p%3s?3p? 1572572p°3s%3p? 1 oa jshunghll B (g SSIY) Gu

when phosphorus atom gains 3 electrons, ¢ P37 mbosdl Oadf 058 Clis A 3 shugdll B)d S Ladic

- - 3- -
phosphide ion P°" is formed ¢ P ol & 2SI ) Le

what is the electron configuration of P>~ 2

1s22s22p%3s?
1s%282p%3s%3p®

18%2s%2p%3s?3p*4S?

15%2s%2p%3s23p?

How the atoms of group 15 elements become stable? 18 Aupind sl ol TnchS
A — By losing two electrons
O Sl - A
B — By gaining two electrons
Syl oL - B
C — By losing 3 electrons
Sl A3 sl - C
D - By gaining 3 electrons

g sl 3 LKL - D
by-yousef alsarayrah 59




The electronic configuration of sulfur atom (S) is . 187 287 2p° 387 3p* g (S) oSl 53 3y S Gun b

3 % s o Sy L aew a a
1s® 2s° 2p° 3s® 3p*.What is the electron configuration Tl s s 5 Sl e ) an

of the ion formed by this alom?

- B C

18°28°2p*3s°3p°® | 18%28%2p%3s?3p° | 18°28°2p®3s?3p°

18?287 2p®3s?

by-yousef alsarayrah
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Which of the following is correct regarding Sodlad) oVl (3lats Lok uaa ,L las (5

negative ion?

A neutral atom loses one or more valence S g KN e ST ) U S Alilezal 5,01 8
electrons, and this requires energy Als ol g
A neutral atom gains one or more valence Sl g SN e 21 o) G SN Allanall 5,3 a3
electrons, and this requires energy il oy (kg
A neutral atom loses one or more valence SN Sl 5K e ST gl Gg Sl Albbazall 5,3 i
electrons, and energy released Al ) jam,
A neutral atom gains one or more valence S g S e ST g G Kl Al 5,3 s

electrons, and energy released

Bl ) s

by-yousef alsarayrah 61




19

‘ CHM.5.1.02.022.06 Define ionic bond while /dentifying the type of elements involved and movement of electrons

Orbital Notation

One electron is transferred.

//'- \‘
Tu[re] [rfrdrs] [r]+ [tyry] [repee] [y e ] —
\‘ls 2s 2p 3sj \15 2s 2p 3s 3p J
Y Y octet
Na (] N
4 o,
TLUTLL [TUTLTL + [TL)TL] (TLTL||TLL [T (TL||TL)(TL] + energy
\15 25 2p i Js 2 2p 3s 3p E
Y B A
Na* (ol

Electron-Dot Structures

One electron is transferred.
Na @Cl — [Na]t + [ZCIZ:I:]— + energy

by-yousef alsarayrah
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Which of the following cations and anions complete eSSl dlaleall LaSh 4400 Qu,pS;[, Gl galsll e éi

the chemical equation below to form an ionic compound? € ol Spa (gl il

Na* + *F: > +

[Na]™ + [::[%:] .

]

[Na:]” + [F]

Nal® + [F]°

[Nad™ + [F]°

by-yousef alsarayrah



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

ion
B - The Aluminum atom loses 3 electrons and forms AP
ion
C ~ The Nitrogen atom gains § electrons and forms N° ion
D — The Nitrogen atom loses 3 electrons and forms N*' ion

i i 5l ae paiiafl] Jolity Latie Sy 13ka

eolial Ahaladt

AF™ Gl G385y iy 580 5 agnal 53 s~ A

AP ool s clig 5 3 gl 55 ik - B

N Ol 0355 g 20 5 mg 2l 53 i - ©

N sl 3y a3 3 Cpmg i 53 A5 - D

0000000000000000

by-yousef alsarayrah
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When aluminum reacts with nitrogen to form aluminum

nitride. Which of the following occurs?

i sl (g A e pgiagl) el s

th o il

& 9adea 93X
Adumminuarm
R B G O V|| e | | I
S g 5Tl
Nitogen
[N | B | I ) [ ) I S|
== 2== 2p=
(Ne) Osaill 59 ASIY) el 3 Jeady ilig 5SH 3 asaialV) 5,5 2 L
Aluminum atom loses 3 electrons and reaches the electron configuration of neon (Ne)
(Ne) sl g nSIY) sl (W el <l i3SI 3 g sl 553 oS
2
Nitrogen atom gains 3 electrons and reaches the electron configuration of neon (Ne)
AP ooty Silig ST 3 agaialV) 55 i
3
Aluminum atom loses 3 electrons and becomes Al
N3 ety lsg 5 3 Gamng ) 553 (s
4
Nitrogen atom gains 3 electrons and becomes N3*

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

Talial Jo Uil Apually Aagana 4000 Sl A o)

Mg +:S: — Mg +[s]"

A. M0 is considered an atom which gained 2 electrons

JEUED I (i g SN CupaaS) 53 Mg s A

during the reaction
B. © is considered an atom which lose 2 electrons JEUEN A Oy A0 bk B3 5 ies B
during the reaction

C. The formula of the formed compound is o5

VRS oA 035 B G .C

D. The overall charge of the formed compound is -2

by-yop ok a/3ead\qaha i Lall .p
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In the formation reaction of calcium sulfide shown in the olial Alaledl e b S poadISI 5, eSS Je i 8

equation below. Which of the following is correct? S Caa 4:‘1,, Lae __51

[Ar] 4s2 + [Ne]3s?3p* — s [Ar] + [Ar]

Ca S
Two electrons are transferred from calcium Bgal poncillSH —aials monlISH 330 fha iy mSW Jany (
atom which becomes a positive ion Cie e
Two electrons are transferred from sulfur \3,3‘ S Sl el g g yasd) 533 Cym idg RSN JAns,
atom which becomes a positive ion —_—
In produced calcium ion, the number of electrons S5S) Calyg ASTYI sae oS U e saldisd) Ol o
is greater than the number of protons by 2 2 laday g all dae e
In produced sulfur ion, the number of electrons JBl by SSTYY soe 05K a3l s S Crodl >
is less than the number of protons by 2 2 laka Slighg yall dae e

by-yousef alsarayrah 66



What is the chemical formula for the compound fo”om pa X uaiall aladl fe 230 CS5all AL S1 ddvall Le

the element X with Aluminum (atomm number Al - 13)’7
X: 1s® 2s® 2p° 3s” 3p?
Al X
Al X,
AlX;

AlX,

T Al = 13 (5l azall) »gaialy)

by-yousef alsarayrah
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What is the general formula for the ionic compound

Onpeaind) (a 35S5 S e el Laladl dnpall L

——ee.
formed from B ang D )n the table below? 3 falial Jganl) oD sB
et Gis
4 3— Svi W
D D
5 A F
G
B D : e
3 2 B

3 ( -

by-yousef alsarayrah
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20 CHM.5.1.02.022.08 Explain the physical properties of ionic compounds as melting point and boiling point, conductivity when solid, molten or aqueous, and its solubility in wat

Physical Properties

" s g eIn a solid, ions are
: 5 Me.l.tmg p?lnt - Ior.'uc compounds : eked Iite pasition
2. Boiling point : lonic compounds and electrons cannot
3. Hardness : Generally How treely: Solles:are
4. Electrical conductivity:

poor conductors.
(Note: Solids do not conduct electricity)

eLiquid ions or ions in

5. Many ionic crystals have brilliant colors. These colors are saiieaus saliion

due to the presence of Transition elements on their Crystal have electrons that

lattice are free to move, so
. they conduct

electricity easily.
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Regarding the properties of ionic compounds, which of the e .‘_,_-,L, Lae L_gi (Asig) LSyl pailads gl Lo

following is incorrect?

LSl ool Yy Dbl il (558 Juis i€l 3 58 i) s eddeal) Aladl 3 3g) (S5
An ionic compound in the sclid state, the ions are locked into fixed positions by strong altractive

forces, as a resull, ionic solids do not conduct electricity

elgSl oags ¥y Aladll G3an (658 Jady LiSlal 3 2505 Sl 0585 cJolaall Alla ol AL A 3 5alf) Gl
An ionic compound in the liquid slate, or is dissolved in solution ,the ions are locked into fixed

positions by slrong altractive forces and does not conduct electricity

12

LS WA Joaghy A5l 3a Cilipl1 (585 eyl el ZLL AN 3 5p¥) S5
An ionic compound in the liquid slate, or is dissolved in solution, the ions are free lo move and
conduct an electric current

1 only
2 only

1 and 3

3 only

by-yousef alsarayrah
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ALY APy Jglaall 3 dgl) SASpal joad 13
?"._:)._;S'.! 53.'“.. J_.\A.‘}a (M)
P

Why ionic compounds in solution and in liquid state

are excellent conductors of electricity? 7

&

Lattice energy is higher in aqueous solution or liquid sspeadlly Joisdl Sla 83,08 L5501 1,280 45U

lons will not form in the aqueous solution or liquid ssgadlly Jeladl Jlla 3 Sligd oS o8

The ions are locked into fixed positions in aqueous solution or liquid pdeaally Jglaall e o gilSa LT il o)

The ions are free to move In liquid or aqueous solution Spteaddly Jgad o 53S0 e maad Silip)|

e - - o - 2 =, 8 - - byt
Why Ionic compounds in solution and in the liquid state ?eligsll Bihaa Clluage alilud! alladly J slaalt @ AaaY) GLall o Yol

are excellent conductors of electricity?

Because attractive forces available ANl Gl g8 B Casae

Because motion of charged particles are locked Al Slbiall e 28

Because no charged particles available digade liie A5 pls i

Because freely moving charged particles by-yousef alsarayrah gabal cliial] ASHall Aya s




Which of the following is not a property of ionic Pa5¥) Sl ailad (e Gl Sl Las ]

compounds?

It conducts an electric current when it melts or CSl elall 3 gl o jgeal Lavie SLeSH jlal Jagd

dissolves in water to form a solution

Their melling and boiling points are high

~ lonic crystals require a small amount of energy 1o gijal L)1 oS5l 38U (e A5 34aS a el Colyeldl llas
ﬂ to be broken apart

- ——— e ——————————————————— -

lonic crystals are brittle, hard, rigid solids Aoy dughy ke Llual 3000 LS Cilysly (eSS
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In which of the three states (I, II and III) shown in the
figure below, the sodium chloride salt conducts
electricity?
A~ Il , 1ll only
B ~ Il only

C - Il only

D-I1II,and III

Jua g3 oial JSEN alan gt (TIT, IT, 1) 30N Y (e 61 A

O e Sl Ll 2 a0 geall 3 5 41S L
i 11l 4 11— A

LEll-B

Lalll-C

Myl 51-D
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21 CHM.5.1.02.022.0¢ Explain the effect of applying an external force on the crystal

- lonic crystals are hard, rigid and brittle<&s solids

- due to the stronq attraction between electric charges
- that holds the ions in place.

- When an external forceixs )\a 5 & js applied to the crystal the crystal cracks or
breaks apart why?

Answer : applied force repositions¢sw J:xs the like-charged ions

next to each other; the resulting repulsion 2% between electric
forces breaks apart the crystal.
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22 CHM.5.1.02.022.12 Define the crystal lattice (using a diagram)

\@dium chloride crystal

( / Chloride ion

(C17)

Sedium ion

(Na™)

)

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
ive ions, and each negative ion is surrounded by positive ions.
sizes and relative numbers of the ions bonded, as shown by the

Why do ionic crystals vary in shape ? Jsdll A A oY) < oldl CAliag 13kl

\/I. Due to the sizes and relative numbers of the ions bonded
\)l. Due to the differences in ion size and charge .

l1l. Due to the strong attractions among the positive and negative ions in an ionic compound.

—
% L, =1, 1, n,m - 140

by-yousef alsarayrah /



Why ionic crystals vary in shape

as shown by the minerals in the figure below?

Learning Outcomes Covered

CHM

a.l
1 Because of the sizes and relative numbers of the ions bonded adaol i Sladl Al sVl alaal e
b.
Because there is no charged particles available Ladiolle Agaxn oW
C.
Because altractive forces are avallable wall g8 As &
a. : by-yousef alsarayrah =3 . ¢ a &)
Because the colors and texture of the ions bonded Adaul il Sl el | addalle el "



23

Table 7 Common Monatomic lons

Atoms that
Charge of
Group | Commonly Form
lons
lons
1 H, Li, Na, K, Rb, Cs 1+
2 Be, Mg, Ca, Sr, Ba 2+
15 N, P, As 3=
16 O, S, Se, Te 2—
17 FCl.Br | 1—
Cri Gre
Mn?*, Mn3®*, Tc?*
Fe?t, Fe?*

Co2+ C03+

by-yousef alsarayrah

CHM.5.1.01.013.02 Write the chemical formula of an ionic compound containing monoatomic and polyatomic ions

Table 9 Common Polyatomic lons

lon | Name ’ lon Name
NH,* ammonium 10, periodate
NO,~ nitrite CH,O, | acetate
. : . dihydrogen
NO, nitrate H,PO, csohale
OH" hydroxide CO,* carbonate
CN- cyanide SO sulfite
MnO,” | permanganate SO sulfate
h
HCO_ - ydrogen S OF thiosulfate
2 carbonate 29
ClO” hypochlorite 85 peroxide
ClOo, chlorite CrO,* chromate
~ CIO, | chlorate Cr,0,> | dichromate
hydrogen
= ¥ o
CIO, perchlorate HPO, Shosphate
BrO,” | bromate PO, phosphate
10, iodate AsO,* | arsenate
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24 CHM.5.1.01.013.01 Write the chemical name of an ionic compound containing monoatomic and polyatomic ions (including oxyanions)

Apply the Strategy

Name the compounds KOH and Ag,CrO, using
this flowchart.

. KOH

potassium hydroxide

- Ag,CrO,

silver chromate

Na3zPO4 = sodium phosphate

Fe2043 = iron(lll) oxide
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36.

Sl

38.

o

Apply lon X has a charge of 2+, and ion Y has a
charge of 1—. Write the formula unit of the compound
formed from the ions.

State the name and formula for the compound
formed from Mg and CI.

Write the name and formula for the compound
formed from sodium ions and nitrite ions.

Analyze What subscripts would you most likely use if
the following substances formed an ionic compound?

a. an alkali metal and a halogen

b. an alkali metal and a nonmetal from group 16

c. an alkaline earth metal and a halogen

d. an alkaline earth metal and a nonmetal from group 16

by-yousef alsarayrah
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What is the formula of an ionic compound thatl

violates its corresponding name in the following table?

1 only

2 only

1 and 3

2 and 3

le! el AVl el Al ) el i e

£l Jyuall
CSsall o E)all =
Name of the compound Compound Number
Jazs |
1) agaiagl¥) 2ua
(%) eniooll] vy AlBr, I
1ai 2 Aluminum (lIl) bromide
\ - - .
351 v e NaNO, 2
2 Sodium nitrite
1) alaall &
3,2 (f) sl 58 Cu(CIO5), 3
Copper(l)chlorate
assigal) )5S NH,CIO, 4
Ammonium perchlorate

by-yousef alsarayrah
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What is the chemical formula of the ionic compound formed | ¢ (0) s 5 (Ca) p sl ki (o D i pl) i sl Ahes o
from calcium (Ca) and oxygen (0)?

Calcium belongs to group 2 and oxygen belongs to group 16 0f | sl 1 16 % saaadl 1 St 2 4 puadll ) 2 el
the periodic table QJ’J

CaO
caOz
Casoz

C320
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What is the correct formula for an lonic compound
formed by the tow ions SO,% , AP* ?

Gl G iall 5 oY) o pall Aanual) i) La

£50,2 , APt

Al>(S04)s

AlSQ,

Al3(S04)

Al;S0,4

What is the correct formula for an lonic compound
formed by the tow ions C0;% , Ca** ?

G ) G il 5 oY) o pall Annial) i) L

°C0;" , Ca*

Cﬂg(coa)a

CaCo;

CEQ(CUg)g

Ca,C0;

by-yousef alsarayrah
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What is the correct name for the compound with the A0 A8basSl dapall 93 OSHall mosiall au) L

following chemical formula?

FeSO;
Iron (III) sulfite () wasll Casy
Iron (II) sulfite (II) wasll sy,
Iron (III) sulfate (1) sl SlyS
Iron (II) sulfate (II) vl cily<
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ions and oxyanions
Whal is the correct formula for an ionic compound

formed by the two ions A" and SO 7

PD\;‘Q b“\; &
o Tl

¢ Al,SO,

2

Al, (SOL) = Aly(SOy)s
L Al3(SO,),

i AISO,
A< 29

4.
What is the correct name for the compound with
the following chemical formula?
Cu,CrO, Cu,CrO,

Copper (II) carbonate
Copper (I) carbonate

Copper (I) chromate

Ciz¥) G (Sl Gl Ol daanall Buall e
£S04 5 AP

by-yousef alsarayrah

Copper (II) chromate



What is the correct name for the compound with fAIGN A8basl dasall 53 CSHall muaiall ay) Lo

the following chemical formula?

Cu,CrO,
Copper (II) carbonate (II) Lalaal) g S O
Copper (I) carbonate (I) elall clig < O
Copper (I) chromate (I) sl Slag < O
Copper (II) chromate (II) oelaall lag S O
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27

Water

2H. + ‘O: — H—O:
' I
H

Two Single Covalent Bonds

Ammonia

o

@ J
H

|

3H. + *N: — H—N:
’ |
H

Three Single Covalent Bonds

~* Summary: Group 16 and Single
Bonds
electron arrangement 1s22s22p?. In
the Lewis structure for water, the
oxygen atom has two single covalent
bonds and two unshared pairs of
electrons (lone pairs).

*Group 15 elements form three
covalent bonds with nonmetals.
*Nitrogen (N) is a group 15 element
with the electron arrangement
15225%2p3.

sAmmonia (NHs) has three single
covalent bonds; nitrogen forms
three N—H bonds, leaving one pair
of

by-yousef alsarayrah

CHM.5.1.01.011.08 Identify type of elements involved in the covalent bond with the movement of electrons

Methane

-
.
&

H
, |
44 + ‘C. @ H—C—H
' |
H

Four Single Covalent Bonds

*Elements in Group 14 form four covalent
bonds with nonmetals.

*a carbon atom forms four C—H bonds to
achieve a noble gas configuration

(carbon electron arrangement of 1s?2s22p?
with four valence electrons, it gains four
more through four bonds).
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26 CHM.5.1.02.001.05 Describe how the octet rule applies to covalent bonds

: F T F :
Fluorine Fluorine
-+ — atom atom
'H —3 H:H

H. T
Bonding pair
Hydrogen Hydrogen Hydrogen C%thﬁte | of electrons
atom atom molecule , F : == Lone
= pairs
Fluorine
molecule

» The figure shows two hydrogen atoms
forming a hydrogen molecule with a
single covalent bond

* The halogens—the group 17 elements—have 7
valence electrons and form single covalent
bonds with atoms of other non-metals.

« resulting in an electron configuration
I|ke helium.He by-yousef alsarayrah 87



27
CHM.5.1.01.011.07 Define, using energy diagram, covalent bond

<«— Force of repulsion
— Force of attraction

« « ~o— —& S g —oe—
The atoms are Each nucleus attracts the The distance is right for the If the atoms are
too far apart to other atom’s electron attraction between one forced closer
have noticeable cloud. Repulsion occurs atom’s protons and the together, the
attraction or between nuclei and other atom’s electrons to nuclei and electrons
repulsion. between electron clouds. make the bond stable. repel each other.

Figure 2 The arrows in this diagram show the net forces of attraction and repulsion acting on two
fluorine atoms as they move toward each other. The overall force between two atoms is the result of
electron-electron repulsion, nucleus-nucleus repulsion, and nucleus-electron attraction. At the position
of maximum net attraction, a covalent bond forms.
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28

89

CHM.5.1.02.001.06 Describe, using Lewis structure and ball and stick diagram, the difference among single, double and triple bonds

Group 17 elements contain seven (7) valence electrons, they lack a single electron until
they reach stability. For example, the bond between Hydrogen and Fluorine is as follows,

& s o

H+ + * F! > H_F:

Group 16 elements, contain six (6) valence electrons, they need two electrons until the last

level complete with 8 electrons. Oxygen, for example, with electron configuration (1s22s22p*)

have two single covalent bonds with Hydrogen, one Oxygen atom shares a pair of electrons

with each Hydrogen atom to form a water molecule.
2H. + "0: — H—O:

l
H

Two Sinale Covalent Bonds

Group 15 elements, contain five (5) valence electrons, they need three electrons to reach
the last level complete with 8 electrons. Nitrogen , for example, its electron configuration
(1s?2s?2p®) have three single covalent bonds with Hydrogen, they share three pairs of

alartrnne a nair with earh Hudrnnen atam tn faorm the ammannia manlaciile

Group 14 elements, contain four (4) valence electrons, each one need four electrons until
it reaches the last level complete with 8 electrons. Carbon, for example, its electron
configuration (1s22s?2p?) have four single bonds with atoms that share one pair of electrons,
it shares four pairs of electrons, a pair with each atom. For example, in 2 Ghlerofjuorocarbon

b
3H. + N: — H-N:
H
H
4H" + C. — H—C—H
J.



How many bonded pairs of electrons for the nitrogen atom are in the ammonia molecule NH; ?
TNH,  LiseY) scsn (b Cnniall 50 ddag yall iy SN ) 550 e La

-

¢ )

4

3IH. + N » H=N:

A. 1l

B.2

C.3

D.4

by-yousef alsarayrah
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How many bonded pairs of for the carbon atom are in the methane molecule CH, ?
 CH, sl esn (8 0rseSll 5,A Ao jall i g i8I 2155 aae L

|
4H* + *C. — H—C—H
H

A. 4

B.O

C.2

D.1
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How many bonded pairs of electrons for the oxygen atom are in the water molecule H,0 ?
 H,0 slall es3a (& CansSYI 5,0 Al ) i g ySIW) 25 3 220 e

2H. + 0 —) H—(.)':

A. 1l

B.2

C.3

D.4
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29 CHM.5.1.01.014.02 Name a binary molecular compound based on its mo!ecular formula

30 CHM.5.1.01.014.02 Name a binary molecular compound based on its molecular formula

P>0s

Phosphorus Prefix (di) Oxygen Prefix (penta)
15! non-metal Number of atoms 2" non-metal Number of atoms

| Di Phosphorus penta oxide

#atoms Prefix #atoms Prefix
1 mono 6 hexa
2 di 7 hepta
3 tri 8 octa
4 tetra 9 nona
5 penta 10 deca
Compound Name Compound Name
NF3 Nitrogen trifluoride N,O Dinitrogen monoxide
CCl4 Carbon tetrachloride CO; Carbon dioxide

by-yousef alsarayrah
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Formula

N,O

N,O;

P05

S.Cl;

Name

Dinitrogen monoxide

Dinitrogen trioxide

Diphosphorus pentoxide

Disulfur dichloride

CO

CO;

N,O3

N>O4

by-yousef alsarayrah

Carbon monoxide

Carbon dioxide

Dinitrogen monoxide

Dinitrogen trioxide

Dinitrogen tetroxide
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What is the correct name for the compound N,F,? INF, Sl mnall 2Vl e

Tetranitride difluoro Y [ RS )

1.

5 Tetraphosphide dinitrogen Oang il AU ndegd 2l

5 Dinitrogen tetrafluoride Osng il S )08 @\){
Tetranitride diphosphorous D9l S sl

-
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What is the name of the molecular compound S,F,,?
€ S,F, o damall (63 el (S ) sl Lo

Decasulfur Difluoride

Difluoride decaselenium

A
B. Disulfur Decafluoride
C
D

. Difluoride diselenium

What is the correct chemical formula that represents the compound Diphosphorus

pentoxide ?
¢ o sheall AU aasS] uald S pall Jiad Al dasaial) Ayl diall La

A. PO,

B. P,O,

C.P,0

D. PO,

by-yousef alsarayrah
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