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

2 | CHM.5.1.01.001.07 Differentiate between the ground and excited states of an atom

3 ‘ CHM.5.1.01.001.07 Differentiate between the ground and excited states of an atom

Quantized Orbits (Energy Levels):

*The electron moves around the nucleus in fixed circular paths called orbits or energy levels.
*Each orbit has a fixed energy and is represented by the quantum numbern=1, 2, 3,...

*The lowest energy level (n = 1) is called the ground state. No Energy Loss in Stable Orbit
While the electron stays in a fixed orbit, it does not lose energy.

The atom is stable in these stationary states.

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).

Each spectral line in the hydrogen emission spectrum corresponds to an elec Electron @

levels. tada ® Election

*Example: ® ®
 Lyman series: transitionsto n=1 (ultraviolet) Nucleus Nucleus
 Balmer series: transitionsto n = 2 (visible light)
* Paschen series: transitionsto n =3 (infrared)

Ground state Excited state



Visible series
(Balmer)

n==6
Ultraviolet Infrared
series n=7 series
(Lyman) (Paschen)

McGraw-Hill Education

Figure 11 When an electron drops from a higher-energy orbit to a lower-energy orbit, a photon is emitted. The
ultraviolet (Lyman), visible (Balmer), and infrared (Paschen) series correspond to electrons droppington = 1,
n = 2,and n = 3, respectively.



What is the name of spectrum series emitted as electron e o O3 AN dgay Ladic Suaa Al Cledall A1l ol L

drops from a higher energy orbit to the energy orbit n~27
=2 Glall s I A !

.,,:,\!/

Balmer Jalls
Bracket <)y
Paschen ol

Lyman Slad



What is called the state of the atom when it gains energy o pisa By Al i Latie L 530 (95 A ARl s 10l
according to Bohr’s model?
A. Ground state s YA A
B. Excited state S
C. Inert state ————
D. Radiation-emitting state gyl Slagd s D
What is the name of spectrum series emitted as electron O3 AN 2522 Lavie Gaaain Al Cialall Alids ol Lo
drops from a higher—energy orbit to an energy orbit n = 3? tn=3 Bl rwe N Al el 55w (e

Balmer alls
Bracket Sl y
Paschen Ol

Lyman Olad



Regarding the figure below, which of the following is

correct?
Ehectror §
® Becton
) w
b N
1 2

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

by-yousef alsarayrah
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4 [CHM.5.1.01.002.01 Describe the four quantum numbers and the significance of each to help track of elecirons present in an atom

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

%m! mm n =4 (4 sublevels)

n=3(3 sublevels)

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

f energy level (n=3) has 3 energy sublevels { 3s 3P 3d) La EL.hJ__.?ﬂ 5 ) gucall

:nergy sublevels: ;;sw g5

ach principle energy level has sub energy energy levels.

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 ( 45 4P 4d 4f)
P Bb (S5ts dzrgs gt Bl (Sgiuns 5 U315 . (gush) Bl (Sginms | pund pgis Bl (Syiuns 5. 7 J 1 o Bl Sligiae 7 Lo

1s  Joly £58 Bl Gyiue 4 JaYl

2s 2p 2 Dl o 2 4 U

353p3d dsd il Cilgias 3 4 EJU

4s 4p 4d 4f ey A3l Siligiana 4 4 aly]l



Q6 : The maximum number of electrons can the third
principal level (n=3)hold??

e sy ) (iSag il g ASIY) (e 338 S a8 16
TEE (i ) (5 giasall

9 18

25 50

contain 32 electrons?

Q7: What is the principal energy level (n) that can | _

G958 32 o5 ey @A) aari ) (g giesall aB ) La 17

4 5

2 6

Q8: What is the principal energy level (n) that
contain 16 orbitals?

¢l 16 o s sing i il o ghunall 2B La 1B

6 4

9 18

Q9: which of these statement is not correct about
p orbitals?

TP DY dpudlly daaa pé 40N Qi jlall g 19

* All have the same energy

* All have the same shape

* All have the same orientation

* The maximum electrons can contain =6

ALl (i Ll lgagan *

Joadl Gl Ll lgasan *

E1AN (2 slad) ki g Lgagan *

B= s SN (ha ol 38 G i *

Q10: Which orbital appears in all main energy
level (n) in atom ?

ABlhall Gy giesa apan A gl o3 Al L 1100

? 5,40 A

s p

d f

Q11: Which sublevel holds a maximum of
10 electrons

Gl g 58l 10 o gy o3 & Al (o gall La 2111
¢ gabl 3aS

d f




Which of the following statements is comecl? fimen o AN cfjlanll 5

Principal energy level 3 consisls of three dac g Clgiae SO0 e 3wyl dEUall (Srieea (eSL
sublevels, they are 3s, 3p and 3f 3133ps3s
Principal energy level 3 consisis of three dae A ligiee S5 e 3 el ALY (sriee sSe
sublevels, they are 3s, 3p and 3d 3d53ps3s 8
Principal energy level 2 consisis of two Sue @ Sugies fa 2 el AUl (sruue S
1d; 2s La
sublevels, they are 2s, 2d
Principal energy level 2 consists of two Cefd Snigese Do 2 e )ll ABl) ggie O sS
sublevels, they are 2s, 2f 2525 La

by-yousef alsarayrah



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

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

There are Three rules, or principles define how electrons can be arranged in an atom'’s

orbitals:

1-the Aufbau principle,2- the Pauli exclusion principle,3- Hund’s rule.

1§ 28% X

15228 v L !

1s energy less than 15 X 4 m”ﬂﬂ £

25 energy, so you

should add 1s™ J

electrons first in 1s. ™~

RN 2pt o

2P° X
Each single orbital (square) | .T\d’4| T | T |
can hold up to 2 electrons. 2P \
Up and down not 2 ups or 2 First add up up up and then
downs,

A Ao Aoy



Regarding the electron arrangement with orbital (PP IPAREA R & ' 55 BEU- - TN B s AT Can Al Blat Land

diagram method below, which of the following is ‘rasn h_,;,L,,
correct?
This electronic arrangement violates only to the L8 alani A ol [EW p Ao SN Al 1o o et

Pauli exclusion— principle

This electronic arrangement violates only the Lah gl e xa g SSIY) ol 138 ) lesy
aufbau principle

This electronic arrangement violates Hund's slabsl Toie o 2ign Baclh aa 5o pSIY) sl 138 (oa ey

rule and aufbau principle

This electronic arrangement violates Hund's Sob Tna s wgs saeli aa o 2SI Canll 1 (e v

rule and Pauli's exclusion principle i
P p Al

by-yousef alsarayrah 11



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

2 e G
%‘in | e
3p

1323 1-“,T~LT

TL(TL)|T

2s
ﬁ T [T[T

by-yousef alsarayrah

sl el S e 3ally /
FaiEN!

o L e ey
P W 1

Jgh Baold aa gl

syl L e sy

12



- ol 361 L B Ld e L
Which of the following is true related to the orbital diagrams below? falial L3aY! 3 .

3p
d’s rule 2s ~ ZP 8. .?i Tt Lgd B0 aae il
Matches Hund’'s ru 1s TR
T 0
2 3
. — | sl LS o
Matches all elactron configuration 4P P 4 ?i alrae il aelyh c* jm ‘
principles 1 0 [ &
T
2 i
r—% i
Ll Tame aa 3ol
Matches aufbau principle %s %i m TUITLT 325 a3
3p
2p gg —*— ol faia e il
Matches Pauli exclusion principle 1s 2s rT.], T.], T.l.‘ TT T T T REPY
1) (14




Regarding the electron arrangement with orbital SNY) lahdia Ak Jhay (A g ASIY) Gl Al (gl Lagd
diagram method below. Which of the following is fraa (Al Laa 5 ¢ 2L

correct ? 7
This electronic arrangement violates Hund's rule gk 3018 aa g SV a8 oAy
and Paul's exclusion principle . Mt (gl 2 g

This electronic arrangement violates only to the
Paul's exclusion principle

i BB gl e g B9 AN a3 10 a jlay

This electronic arrangement violates only the hid gL g) lna ga 9 SN cuti I 10 ( jlay
Aufbau principle

This electronic arrangement violates Hund's rule VA 501 e g A G 30 m."fa.J ’
o Syl
and Aufbau principle



Which of the following is correct? ‘s H,J_,L Laa L_;ﬁ

T[] [ i Bl g O A
s 2s 2p It agrees with Hund's rule

1] [11] i) Tl b e e 2 B
1s 2s 2p It agrees with the Pauli exclusion principle

] [y [ bl o e c
s 2s 2p It agrees with the Aufbau principle

s A i Al tealug el US e (3AL
T |t (T4T ([ It agrees with all electron configuration rules D v
Is 2 -p and principles

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

Hydrogen 1
Helium 2
Lithium 3
Beryllium 4
Boron 5
Carbon 6
Nitrogen 7
Oxygen 8
Fluorine 9
Neon

T —
, Orbital Diagram

by-yousef alsarayrah

Electron Configuration Notation

1s
152
152 25!
152 252
152 252 2p'
152 25? 2p?
152 252 2p3
1s% 22 2p*

152 252 2p3

16



Atomic Complete Electron-
Nunbor Elfectron. C_onfiguratlon
Configuration | Using Noble Gas
Sodium 11 1522522p83s! [Ne]3s!
Magnesium 12 1522522p83s2 [Ne]3s?
Aluminum 13 1522522p63s23p] [Ne]3s23p!
Silicon 14 1522522pb3s23p? [Ne]3s23p?
Phosphorus 15 1522522p®3s23p3 [Ne]3s23p3
Sulfur 16 1522522p®3s23p* [Ne]3s23p*
Chlorine 17 1522522p€3s23p°> [Ne]3s23p>
Argon 18 1522522p%3s23p®  [Ne]3s23p® or [Ar]
What is the correct noble.gas notation for copper Cu Cu Galatll paial peoaall Joall S jue5 Lo
(atomic number = 29)7? $(29 = Al 2aali)
[Ar] 4s® 3d® 4p!
[Ar] 4s2 3d°

[Ar] 4s® 3d'°

[Ar] 4s! 3d° 4p?

O O O O




‘ 8 ‘EHI"-.-‘I.S.]..DE.II]ID]..DE Determine the number of valence electrons in atoms

Perio?ﬁ table

7 Periods <

> 18 Groups

I

I

l IS a horizontal row of
the periodic table

Groups 1-2

Representative Elements

l l

Group 1 Group 2 Groups 12-18

Alkali Alkaline l | J'

metals  earth metals

GroLJp17 Gron18

Halogens Noble
gases

of the periodic table

l is a vertical column

Groups 3-12
Transition Elements

D1 l

- Transifion Inner transition
metals metals




1 2 +

- 3

w

L) 0

(0 soved) liiuly) (oY) Ao sanall gualic a5 i(s) pealdlfin ) dalaiall) 4 o840

Number 1 (Pink Area): Alkali Metals (Group 1 elements, excluding
Hydrogen).

Al de gandll palic a5 1(s) jiall dddaidll) 2 28 1) Number 2 (Yellow Area): Alkaline Earth Metals (Group 2 elements).

) pualic a5 1(Chatial) g 408 ) dilaiall) 3 4B ld () 3 e e sanall

(12

17 :\.GJA;.A J..\A\_k; Jads dakaiall o8 (&_11_\4;5!\.@\ ;\)...'aij\ :\A.L-u.d\)4e§j\

(Ol (o) 18 de sanall palic g 1(Cpadd) (oamdl o o) jaall dilaidll) 5 a8 1)

Ldl yualic a g) Adalall ANEEY) ol 3 (Jsaad) Jiud o8 ) 5l dalaiall) 6 a8

$FS). . (Adind) Abualall) o€y 5 (A shall Aluluall) Dz iledes ) 2T

Number 3 (Orange Area in the Middle): Transition Metals (d-block
elements, Groups 3 to 12).

Number 4 (Green Area - Halogens): Halogens (Group 17).

Number 5 (Red Area on the Far Right): Noble Gases (Group 18)

Number 6 (Blue Area Below the Table): Inner Transition Metals f-
block elements). Divided into two series: Lanthanides (Upper series)
and Actinides (Lower series).



Properties of metals, non-metals
and metalloids

Non-metals Metalloids
= Have properties
- Poor of both metals
Conductors and non-metals.
= Solids that can
Dull be shiny or dull.
= They conduct
I\/lany are heat and
electricity better
Jases than non-metals
_ but not as well
Non-ductile as metals.
= They are ductile
Non- and malleable.

malleable



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.



What are the elements in part 1 of the periodic table 352 sall jualiall Jo gl oAl o) La

bellow called?

¢ olia) sl Jeaad) e 1 £ 30 B

i

'ﬂ"nntvwwvvﬂwww*m . &
L £l b & s S4B ow e &k &L d

B lm % = om o= b Ao & b oA *r‘g.

& S s S s s s oeonomo= ks

Metalloids

Nonmetals

Noble gases

Transition metals

W e Yy Sty T

<) A slad)

<) asu)

Aladl) o) jlad)
Adlaniy) <) A

Which of the following options is correct regarding

the following periodic table??

AN (g9l Jgaadl (ahais Lagh dasaa AUl il LAY 6

I) Element (E)is a halogen
I) Element (R) is alkaline metal
Ill) Element (B) is alkaline earth

| only

i, m

I, u, (|




Which number represents inner transition metalis in the Jssall st uadl puh q’ AMA 10 MASYY SN e SU P3N
diagram of periodic table of elements shown below?
¥ paliall G)’m

Si

N5

1T
i
1

by-yousef alsarayrah



10 |CHM.5.1.01.010.01 Describe the general properties of metals, non—-metals and metalloids and their uses

Metals are elements that are generally shiny when smooth and clean, solid
at room temperature, and good conductors of heat and electricity.

Alkali metals are all the elements in group 1 except hydrogen, and are very
reactive.

Alkaline earth metals are in group 2, and are also highly reactive.

Elements in groups 1,2, and 13-18
possess a wide variety of chemical and

| physical properties and are called the
Figure 5 Copper, like most

metals, is ductile and represe ntative E|ements.

SONEMCIS ey O R Elements in groups 3-12 are known as
For these reasons copper is o

used for electrical wiring. the transition metals.

by-yousef alsarayrah 24



11

CHM.5.1.01.008.02 Use the electron configuration notation, orbital notation, and noble gas notation of an element (£ 1 - 36) to identify the

location of an element in the periodic table (period, group and block)

12

CHM.5.1.01.004.10 Use the electron configuration notation, erbital notation, and noble gas notation of an element (£ 1 - 30) to identify the name

and symbol of an element

1
1 H.

2 13 14 15
2 L' Be B® .C* N
3 Na° Mg’ A S P
4 | R Ca -60' -Gg' As
5 Rb §t‘ In -Sp Sb
6 Cs* Ba .TI* .Pb* .Bi:

18 Figure 8 The figure shows the electron-dot
e structure of most representative elements.

17 Observe How does the number of valence
- electrons vary within a group?

by-yousef alsarayrah 25



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

) i A aaadly 5)5ally Ao gandd) L
f[Ne] 38%3p* g g S dnsis seaic
P aanally 3 5)5dl5 16 dcgandl

P aanally 6 3)52l5 3 dcganadll

S ganally 3 5,535 16 4z sanal

S t‘;ah’ 6 5),.‘.';‘, 3 ;..C-M\

by-yousef alsarayrah

What is the period, group, and block for an

element with the following electron configuration?

il g3 peaiadl gl paii A panally Ao gagally 839300 La

[Ne] 3s° 3p°

Group 3= s\

Period 3 sl Block el
2 2 S
Group 4= sl Period s 5! Block s>
17 6 P
Group e geaall Period 8 il Block z=a=ll
15 3 p
Group ic gl Period 352! Block ae-ll

17




13

CHM.5.1.01.004.12 Conclude the electron configuration of elements based on their position in the periodic table (period and group)

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] 4s® 3d"° 4p°

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 Slugydll ol ps

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

L Answer: A — Sulfur (S)

DY-yOusert alsarayran

28



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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| 14 | CHM.5.1.01.009.14 Describe the trend of ionic radin across a period and down a group of the periodic table

Across a Period (Left - Right): Example: Na* > Mg'3+ s A3
*The ionic radius decreases across a period.

(For anions, like N°~ — O~ — F~, the same trend occurs — ionic radius decreases across the

period.)
¢ Down a Group (Top - Bottom): e Example: Li" < Na” < K

Tonic size (ion size) within periods:

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.

Iguidy CIHAN Jaual jlus e 9 Al Sligd 1) 9o 9 Cilig AU 1 guudSy BN Jguandl cnay e
derga gl 19dgy 9 g AS)

As you move from left to right across a period, the size of the positive ions
gradually decreases.

A gall Ul pox> Jas craadd Sl (0

Then, beginning in group 15 or 16, the size of the much larger negative ions
also gradually decrease

Ll Ldludl g1 px> Jis 18 J1 15 dsgamxall oo Jguadl (nay s 30



= Figure 14 The ionic radii of most of
the representative elements are shown in
picometers 10 % m),

Explain why the fonic radii increase for
both positive and negative ions os you
move down a group.

lonic radius

Chemical symbol — K 138

Charge —+ 1+ .

Relative size .

Period

1 2 13 14 15 16 17
Li 76 | Be 3! B 20| ¢ 15| N 146 |0 190 | F 133
+ @ |2+ o I e | a4 - @ |- @ 1-@
Na 102 | Mg 72 AL So | si a1 | p212 | s 184 | 1181
1+ @ |2+ @ 3 e |4 3-. @@
K 138 | Ca 100 Ga 62 | Ge 53 | As222 | Se 198 | Br 196
+@ |2+ @ 3+ 0|4 @ 3-. 2—‘!—.
Rb 152 | Sr 118 In 8 | Sn 71 | Sb 62 | Te 221 | 1 220
+@® |2+ @ 3+ @ |4 @[5+ @ 2—.1-
Cs 167 | Ba 135 T 95 | Pb 84 | Bi 74

I+ @ 5+ @

2+ @

44+ @

» 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




& Terms of Use and Privecy Policy

Which of the following ions has the largest ionic Y A il Caial ol Al Sligll e sl

radius? — ion Size
_ j inceesgC o
(These ions are for lheélements of group 2%in the (Gusdl Joandl 32 deganall 2 jealial Cligd) o2a )
periodic table) V
Ca** St Mg** Ba®* lons sl
é)&ll Jaall
20 38 12
1 Alomic number

Ba’"
7
Mg-*

2

Sr-*

1

s
Ca—

by-yousef alsarayrah



Why is the ionic radius of nitrogen greater than

ionic radius of fluorine?

oo Oyl S el sl B35 i L

€ gl g1 el Chead

B 20|C 5N

3+ 0 [4++ [-@|2-@ | - @

146 |O 40| F 133

Increasing the electrostatic repulsion between
the atom’s outer electrons, and Increasing

the distance between the outer electrons

Decreasing the electrostatic repulsion between
the atom’s outer electrons, and decreasing

the distance between the outer electrons

Decreasing the number of energy levels

due to the loss of electrons

LAl g S o S8t S Al B

Aap)lad Sl AV O Al by 3,0l

Lalall Sl S G Sl ST Sl alln
Al g SN Gy Aled el 50

Silig S S8 Aol Allall Sligis 22 allD

by-yousef alsarayrah
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Which o Lhe foloviryy oo has e Brgest onic adios? !,,J_..!_;,’ﬂ..i...-.' il al Gl iagl e

a oo o -a
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N Ty u -
O- F FF D
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Why CI” ion is bigger than its atom CI?

--@

Chlorine atom (Cl) Chlorine ion (C-)

€ Clasjs pan e 81 CF (a1 paa (49 130l

@

(CD #1555 (CI) 2315 ol

The electrostatic repulsion between
the atom’s outer electrons increases

C Salag ASHIT il Babyj
DAl dpaladl g ST

. The electronic cloud is stretched outward el Aoy il ladl aaa
" The electrostatic repulsion between the O Sy SR il aalass) "
' atom’s outer electrons decreases ipall dajlaldl oilsy SEN '
II only Jasa I
I only L |
Iand ]l II 51
IT and TMT I 1



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

ey

Sodium atom (Na) Sodium ion (Na*)

-

(Na) g9 3,3

[
- @..

(Nat)psisa s

I Outer orbital is left completely empty.

Lle L ,a sl gn dls | 1

The effective nuclear charge
increases for the remaining electrons

RSl iy Y sl Al S s | T

I Increase in number of energy levels

a3l ligiuae 2o 5255 | T

I and II

II and III

II only

I only

I 511

Jazi T

BEVY |



Using the figure below, if A represents an atom and B il i Lo G By 58 ey A I3 G J) Ldie
represents an ion of the same element ¢ daaes AP0 S A
Which of the following statements is TRUE?

K ol

Atom lon

A. The ion is positive as the ionic diameter becomes GOSN Gl s ) )l el Sua i ge Y1 A
larger when an electron is lost

B. The ion is negative as the ionic diameter becomes CIAN Gl 2o 8 V) ) sl S e (13 B

larger when an electron is gain

C. The ion is negative as the ionic diameter becomes A 5 b O Gy sl ) b)) el S s (a1 L C
smaller due the decrease in the electrostatic repulsion o 3 )

D.The ion is positive as the ionic diameter becomes A 5 98 535 ey S )l sl S i ge S0 LD
larger due the increase in the electrostatic repulsion o 3 S5




CHM.5.1.01.009.10 Explain the trend of first ionization energy across a penod (Exceptions between Groups 2 & 3 and 5 & § are included), and

15
down a group of the penodic table

Generally increases
—_—

First lonization Energy of Elements in Periods 1-5 g -
2500|_|Period 2 |Period 3| | Period 4 Period|5 b l. [
= He © Wi
: e =| IEERIENIE
E ®
3% :vIINENINNIE
< 5
& v ©  Trends in First lonization Energies
s P A
1500 ' Kr . . :
E i f’ £ Xe Figure 18 lonization energies
S ]‘; f‘ / generally increase from left to right in
© .
N i ,‘1 [1 o a period and generally decrease as
2 | nvf you move down a group.
£ 500} {\
w
Li N NI
ol 1k Rb
0 |
0 10 20 30 40 50 60

Atomic number
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Which electron configuration represents the highest first

ionization energy?

9) Which of these figure represent the correct
relationship of the ionization energy in the periodic table?

[He]2s? 2p*

[Hel2s2 2p?

[Hel2s!

[He]2s? 2p!

¢y oAl 51 B gl g SN o

‘;5 culal) ABUal dagaual) A3Mal) Jiay Al Sy gi (9

T Jgand)

Generally decreases

11
I

Generally increases

—-

Generally increases

Generally decreases = = .
Generally increases
—- — % _—-
> -
S -
=
F
&
L)
=
-7}
o2

Generally decreases

—

Generally decreases

by-yousef alsarayrah
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Which of the following is true regarding

Y ol Al Sl L raaie Sl Lea g

1" lonization energy in the periodic table? Pl Jyaad
'“! PERIODIC TABLE OF ELEMENTS ;"".T
Il-l S i v 1 ] E ] :---1
U e 8'c/n 0 F N
wojs U W |6 & (& @ ‘
e by Ass an
W ® B m (B (M [ R F W W (B [k (@ @ = %
K Ca'Sc T 'V Cr|Mn/Fe Co M Cu Zn Ga GolAs Se B ks
RE el m i e
CROERORL NS ln I. " f:- - -
[Osth l..-l'l'h'w Re Os & Pt AsMg/TI Pb Bi Po At An
e o TR e e’ e a1 e
e B g B e 0 g o e T

Alkali metals have the highest ionization energy

lonization energy of noble gases equal zero

lonization energy increases as we move
from left to right across a period

lonization energy increases as we move

down a group

S (3t Al Al kD A3

Bl A JEN die ol A8 i3
coall I Slad) e

J&,A'QJ' S e ;_g‘.'al‘ Al A5

Sl ) el
by-yousef alsarayrah
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Why the difference between 1 and 2™ lonization g 98 agtlll jaial A58l SV culdd) AU e A (5Ss alal

for lithium is the highest in period 2 elements?

Pastl) gypl jualic Gy oY

| I D) (ofmot) 321 o R ) o 2 38
- — =
T 900 1760 860
—,~s:‘—r 800 2430 1630
ECE 1090 2350 1260
L 1400 2860 1460
T 1310 3390 2080
[ 7] 1680 EER) 1690
T he 2080 3950 1570

Because lithium easily forms the common lithium 2+

ion but is unlikely to form a lithium 1+ ion.

Because the energy required for each successive

ionization always increases

Because the effect of lithium nucleus on electrons is

the weakest among period 2 elements

Because the atom holds onto their inner core electrons

much more strongly than they hold onto their valence

electrons.

deing ¥ oK) Ugguss a2l 2+ pofill (o JE28 ol oY
Lt asdilll Gl JS5 0

Laga 203 Adla (6 Zbae S8 A0 A3LI Y

il b G g I el sl dias 3l Y
A4St Byt pualic G

398 53 Sy AR Tl Lgalig 50y heeas 5530 Y
P s gL s



16 | CHM.5.1.01.011.02 Explain the periodic trend of electronegativity across a pened and down a group of the penodic table

Which of the following diagrams correctly shows the trend of T JS35 GuilgSl ALl 7 Gy AN Cilabilall (g
electronegativity?
Trend Across a Period Down a Group
e B sy
reclly o
2 :—‘-. . Electronegativity Increases — Decreases |
 ebeerdy ol 1]
Reason Higher nuclear charge, smaller size Larger atomic radius, more shielding
Generally increases
da My sy
CEA AR w s
e 3 a
#o S sy B = :} @
Gorwally ouin o 2 ] E .
1 _E .
i
= "
o
ke V- oAy 7]
Generally decreases g
o
M JLoy sy ul ]
Gaetaly hoexses - E
e B e
G aily dezrvases
—_—
ol S i v v
Generaly decresses - SEaa
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ol g AL jualial) e

56 Al

Which one of the following elements have

the highest electronegativity?

LRl 20, 21,2

——l - ——e

PERIODIC TABLE OF ELEMENTS
o
-

=8l

a5, 8

e

= * _r 3 _on\& _.W K\_L,

Si

P

Al

by-yousef alsarayrah
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8) Which of the following element symbols has the

lowest electronegative?

© Al 5 Adluad) B A0 ualindl 534 1 (8

D
A F
R H G
C E
G E B
Which of the following is true regarding electronegativity Jeadl o LSl Lldl 3l e maaa b e ,__;l
e in the periodic table? LITT S e —
"H PERIODIC TABLE OF ELEMENTS 'He
|H He |
B 1 'i—l F e P = |
U Be [BIC N O F Ne
w e | M ™ T w (w w
Na Mo A SiP SO A
n-n‘nnuin-u'n‘n‘n 0 (B N B W |3 |» |
ijC{,SGPLL V Cr|Mn Fe CO‘y‘Cu Zn Ga Ge As S_og' Kr |
® e e 0 @ |8 [w el o e T Ta To Tw T e ]
Rb Sr| Y | 2r |Nb Mo Te Ru Rh|Pd Ag Cd|in Sn Sb To | Xe
['"" n‘“fi’!’*ﬁ’ ORI E R EECECEC |
Cs|8a/Lal Mt Ta W |Ro Os Ir | Pt AuHg TI Pb Bi Po At An
o ju = Jﬂ e :im e e e m e Tma e Tem (e (o Tew |
Fr|Ra|Ac| Rt |Db Sg|Bh Hs Mt Ds Rg Cn|Nh|FliMc Lv | Ts Og
- Ii W w8 e e v & (0w v [0
(Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho| Er Tm Yb Lu
’}’"—'Iil"fli""-— R ?w M m [ W e W
™ Pa| U Np|Pu AmCm Bk Cf Es|Fm Md No Lr

Electronegativity increases as we move down a group

Fluorine (F) is the least electronegative element

Cesium (Cs) is the most electronegative element

Electronegativity increases as we move from left to right

across a period

Aot e deganall b JEY! die A5 eS)) ALl A35

Jiud
RilgS Aplls YV yaiall g (F) g

3568 A oY1 suainll ga (C5) pyeied)

Sl G ygn gl A JEN) e Al pgSl Al sl
Oead) I 44



Regarding the trends o(elecironegalivity )1 the Sisll Jaaadl B Al el Sludl 755 3lat Lagd

periodic table of elements, which of the following is Cmaa ‘,;L. Laa (sl - ealinll
correct? ' ef csse

= decresge
~ PERIODIC TABLE OF THE ELEVENTS

4V
! paliall )94l Jgand) 18
g\l c'- It reases as moving from left to right across
@' : @ " ) a period by increasing positive charge in the nucleus
3| 4 € ‘
Li | Be B |)C ‘/\rincreases as moving from left to right across
g9 | ool | pn Yua
iy n L)
( Na [ Mg & ¥ 6 7T 8 ¥ plilb . @ period by increasing positive charge in the nucleus
2l xn Mo | uo 2. =g
U A1 BIAU|B5|X|227|8 | 0]|3R
Elcal selm| v |ce|sa|ro|co||calzalicalcels x Group 1 elements have the lajgés! (o wme g\
P10 | 008 | 406 | 4780 | 05 | N0 | N& | N | NN | NS |ON OB SN | N8 MR W | e QIL \ %
HEREEEOOEOER AR FEE " Q,Q/
Rb | e | ¥ | 2e | N0 | Mo | Te |Ro [Rh | Pa|Ag|cCa|ta|sn|60]Te|T|xe gy, Sacionagaiiviy valuds
polee | un |on| oo | e | en | wil | ses | joes | jes | pias | oes | ner | s ]ing | i | =
S || ST N TBMW ||| 0| 8| 828|488 Group 17 elements have the lowyt ‘,.,.3 L‘SL
Co | Ba | La | Bf [ Ta | W [Re [Os | Ir | Pe | Au |Hg | TI | Pb | Bi | Po | At | Ra
o funos | wes | ams | uees | usss | iss3 | wod | way | 1991 | 1970 | 206 | doas | 372 | w0 | oon | gy
§7 | 88 | 89 | 104 [ 105 [ 106 [ 107 | 108 [ 109 | 130 | 111 | 112 [ 113 | 13 [ 105 | 116 | 117 | 118 electronegativity values v 1
Fr | Ra| Ac | Rf | Db | S¢ | Bh s [ Mt | D: | Rg | Cuo | Nh | F1 | Me [ Lv | T: | Og 4, D "
g lewlenjem oo oo oo e lew|eomlen|om|ow|omeom|onlcw|ow
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17 | CHM.5.1.02.022.04 Relate the charge of an on to the group number of an element in the penodic table

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 a9s
s §y5 m i
* The process needs energy ¥ l B 0055 - sl
11 10 A8)) - b gt
* After losing electrons the atom becomes stable.(P®) e o
—_» f + e
Q: what is relationship between the \— Liin s
charge and the valence electrons. _
Group1l=+1 , Group2=+2 , Group13= +3 Na atom Na” ion
Negative ion (-) formation. (anion) assslS o
Q: What is meant by anion? An ion that has -ve charge. T Nl B
=)
. . 4o ——P
Q: How is the negative ion formed? r / \
When an atom gains electrons. 17 2500 — e f
* Number of electrons become > Number of protons 3 inal
* The process releases energy. Cl atom Cl- ion
* After gaining electrons the atom becomes stable.(P®)
1s22522p43s23p> 1522522p*3523p°

el g ARSI dadal) See 2 1 Jgasdl
18 17 1% 15 14 13 2 1

:Ne: F: ©: N | € | -B- -Be- Li

Ne F 02 N?¥ (C B Be* Li* ion

46



Which of the following groups its element gain two
electrons and form ions with charge=-27?

1

G985 9 O g Sl W palie candi€ AL Cile ganall ()
¢ .2 lgia JS Al cili gl

Fn

tE AL EE L] Eial ¢ '+ &

L & % S 4 &5 u @b bbbl
'rﬂ*wwrwwwwv-:nw K
L s s S fZ it S s ks

CEiiiiiiiiiiiEin
bbb issan bl bhhas .k

17

15

13

16

forms -3 7

Which of the following electronic configurations

¢ -3 ciligl o< Autlal) 4 g jEY) il 3 i) ()

[He] 252 2pP?

[Ne] 352 2P3

[Ne] 352 2P*

[Ne] 352 2P5

forms +3 ?

Which of the following electronic configurations

¢ +3 g (e ALl A g e a5l (s

[He] 252 2P!

[Ne] 352 2p3

[Ne] 352 2p*

[Ne] 352 2P5

by-yousef alsarayrah
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Which of the following groups, its elements gain two
——

electrons and form ions with charge = -2?

1

Ly

16
15
13

by-yousef alsarayrah

——
4ve
PERIODIC TABLE OF THE ELEMENTS
paliall g 593 Joaad) 3 Fwe éw 2
B N 18 16 17 |He
bv pa =
/ BRI EEEAEEED
BlC|NNOJF |Ne
AR ER W | X
B8 |15]6]17]18
$ & 5 M8 w N Blals|er]s|ala
MM XD | N RPN |
) 8(_5 DB lu]BTe[ ][0 ]52]3[3]3]3
l'\f’f‘T i | v | ce|nn|Fe| Col N|calza|ca]Gel|as|se|ne|xe
\ NAETIECIETI RN ETEE T ANV DR BT R R VAR T
, wlajlelsla|s|s|[o]s|ov]ols]n]9]|4
Zr | Nb | Mo | Te | Ru | Rh | Pd | Ag | Cd | In | Sa | Sb | Te | I | Xe
Ll € sz | veon Jonon | o |wny | sese §ouses | aes | omine | uas | s s | aee | pee |
*/\ n|B|w|w{we| ][9]0 |s2|s3[ss] 85|86
B | Ta | W [Re | O | Ir [ Pe | Au|Hg [T | 2% | Bi|Po| At | Ra
1 1709 | 105 | 10N | 682 | W02 yl: 9l | I1nd !‘ 04 | N2 | 92 a_ _g_
108 | 105 [ 106 | 107 | 108 | 109 [ 100 | 100 | 112 | 113 | 104 | 115 | 116 | 107 | 118
Rf | Db | S¢ | Bh [ H: | Mt [ Ds ([ Rg | Cu [ Nb | FI | Me | Lr | T: | Og
ey | e lom [eom | om | em (o) em | ol lomlom]onl oo
. 17

¢ =2 (gl L JS Lind
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The orbital notation of Magnesium is shown in the figure

below. How does Magnesium form its ion?

R
2s 2p 3s

1s

Lose four electrons

Gain one electron

Gain two electrons

Lose two electrons

colial Jeih b e pgpeariiall (KU G )
Phy galdl) O Y1 agaeiiall 5% RS

wilig SN 4 ik

2aly O a8l s

g Sl iy

(g RS 2

How the atoms of group 15 elements become stable?

A — By losing two electrons
B — By gaining two electrons
C — By losing 3 electrons

D — By gaining 3 electrons

P15 dopanall juolic cild Fd A
e A8 o - A

T il

olig W8l 3 late, ~- ©

olig @8l 3 lash, - D

Dy-youscEl disdidyidlil

O O O O

49



lectron configuration of phosphorus atom is: 1s22s22p%3s23p?

vhen phosphorus atom gains 3 electrons,
phosphide ion P*" is formed

vhat is the electron configuration of P*~ 2

15°25%2p53%3p% 1 ga ) shunsitl) B (39 S

¢ PP sioagdll O 08 Sl gl 3 shunsill B3 aniS Ladic

15225%2p%3s2

152252p53523p%

1s%2s5%2p*3s%3p*4S?

1s22s?2p®3s?3p?

by-yousef alsarayrah
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| 18 ‘ CHM.5.1.02.022.03 Describe how ions (cations and anions) form to fulfill the octet rule

electron configuration of phosphorus atom is: 1s22s?2p®3s23p? 15%225?2p%3s23p® : oa siugdll 5,1 ALY G

when phosphorus atom gains 3 electrons, . P¥ Lol el S Gl A 3 shusdl) By S Laic
phosphide ion P* is formed ¢ PY oLl A ) L

what is the electron configuration of P* 2

dbuiped] dsudmill Dl psall

CHM.5.1.01.014 o

15%2822pf3s23p*4S?



The orbital notation of Magnesium is shown in the figure

below. How does Magnesium form its ion?

Lose two electrons

Gain one electron

Gain two electrons

Lose four electrons

T

1s

coliaf J&l) b O pgaaiiall SUAL) Gua 3l

] [RTLAL] [(1
N i
2s 2p 3s

fay galdll g agreniiall O S i

oSl e O
w0l s O
ol s QO
g4 s Q

The electronic configuration of sulfur atom (S) is

1s® 28° 2p° 3s* 3p*.What is the electron configuration

of the ion formed by this atom?

L. 187 287 2p° 387 3p* s (S) cu)S) 53 S Gzl

T30 ol 3485 g0 G g S

A B

C

D

1822s8%2p%3s%3p® | 18%28%2p%3s3p° | 1828?2p%3s?3p° | 18°2s?2p®3s?

by-yousef alsarayrah
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CHM.5.1.02.022.07 Use the Lewis diagram (electron-dot structure) to explain how elements from the periedic groups combine to form an ionic
19
compound
Which of the following cations and anions complete Aolall Alolaall JaS AN uligailly il glSH e __,~i
the chemical equation below to form an ionic compound? 4 9_'-,:.5 e (983l oL

Na* + °*F: 9 +

[Na]™ + [:F:]°
[Na:]™ + [F1°

Nail® + [F]°

[« [\]a.] » % [..!'3.] -

by-yousef alsarayrah 53



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

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

wwﬂaﬂe,ﬂ‘&@wh‘.@bb

eolial Al

AP~ Lol 3y cliy 5K § a gl 53 e — A

AP gl g clig <)) 3 apualyl 55 i - B

N Oad 5585 Slig 581 5 Lamg il 53 GauiiSs — ©

N' a5 iy 51 3 ama sl 53 S5 — D

oooooooooooooooo

by-yousef alsarayrah
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Using the chemical equation by the electron g S8l lao Al A pdas A0le Sl dlalaall Laaass
configurations (noble—gas notation) for sodium oxide 2 32 gl Sl eSs el (Jasdll Sl e )

formation reaction

[Ne]3s' + [He] 2s* 2p? s e e o
Na O
Which of the following chemical equations represents ?gL.E;M e pll diyylay e bl 1ia Jadh A0l il SH Y alaal) .__.;i

this reaction in Electron — Dot structure?
Na'+Na'+ :0: — [N <[Na” + [ﬂ]z-f
Na'+ :0: — [Na] +[0]
. 2+ 2-
Na: +:0: - [Na] +[O]

Na‘+Na‘+ U —[na" <[na +[O]

by-yousef alsarayrah 55



In the formation reaction of calcium sulfide shown in the colial Elalaall aie gt Sl pan SN a5 e e li A

equation below. Which of the following is correct? ¢

[Ar] 4s> + [Ne ] 3s?3p* —  » [Ar] + [Ar]

Ca S
Tweo electrons are transferred from calcium (P RPN, 4 ¢ memtg pordlSI B0 Cpa b oS0 dEn
atom which becomes a positive ion e e
Two electrons are transferred from sulfur 3 o o Sl aead g Sl Bya e g STl dE
atom which becomes a positive 1on B g
In produced calcium ion, the number of electrons sl b g BSTY doae e e s s Lyl o

is greater than the number of protons by 2 2 labas alighg pall Sae Che

In produced sulfur ion, the number of electrons I EEREPRTTS o R o L JREIPRUCL P s

is less than the number of protons by 2 2 lakas Salighg gall sae fha

by-yousef alsarayrah
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Which of the following cations and anions complete the olisl A8l Asladll JaS) A gty iligdlSY ya (5

== chemical equation below to form an ionic compound?

[Ne] 3s” + [He] 25’ 2p* > +

£ o e (s

Cation 0l

Anion

[Ne) 3s'

[He) 2s? 2p°

Cation  Ss<

Anion

(A1

[He]

Cation ol

Anion sl

[Ne]

[Ne]

Cation  J,28

Anion el

[Ne] 3s* 3p®

[He) 2s* 2p°

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

Tolial Jo Ull Ageally Aagaa 4000 S Al g

:Mg + :S:: - Mgl +[s]”

A. V1 is considered an atom which gained 2 electrons
during the reaction

D A (i AN CpeS) 33 M1 s A

B. © is considered an atom which lose 2 electrons
during the reaction

SN DA (g S Gl 53 5 e B

C. The formula of the formed compound is 5

VI A O3S ) s C

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

2 A Cfiad Bl G Ll D

by-yousef alsarayrz
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What is the chemical formula for the compound fo”om aa X uaiall aladl fpe 3G CS5all e €1 daniall Le

the element X with Aluminum (atomic number Al = 13)7? oA = 13 S 22al) »gaialyl
X: 1s® 2s® 2p° 3s° 3p?
Al.X,
Al X,
AlX;

AlX,

by-yousef alsarayrah




What is the general formula for the ionic compound O peaindl e 950 (23l H,,.‘;,ﬁ‘l el dalall Al La

formed from B an@'\ the table below? Talial Jgand) »sD B

-3
et/ Gis
G
3- \,
2 + I' D

B
G
EL) R

L’”*?t-B 5;2__:/‘33@ .

by-yousef alsarayrah



20 | CHM.5.1.02.022.08 Explain the physical properties of ionic compounds as melting peoint and boiling point, conductivity when solid, molten or

aquec+.|5, and its solubility in water

Properties of ionic bonds

1. high melting points and high boiling points. ionic bonds are relatively strong

2.Poor conductivity for electricity and heat when solid because ions are not free ion to move
and carry electric current

3.High conductivity when molten _s¢<« or aqueoussb 2 Jsiss because ions are free to move
and carry electric current

4. Soluble in water, because ionic compound is polar and water is polar

6- lonic crystals are hard, rigid and brittleiéa solids due to the strong attraction between
electric charges that holds the ions in place.

60
by-yousef alsarayrah



Regarding the properties of ionic compounds, which of the gr _,F_L Las L_gi (A o¥) ClSyall Sailiady gleis Lad

following is incorrect?

sl gl Yy Alladl) ¥l (98 ks Lgiflal 8 A58 Siligl) (8 oddall Aladl 4 pal) ol
An ionic compound in the scolid state, the ions are locked into fixed positions by strong altractive

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

oSl Lo i Wy Aladll 3oal (g Jads LaSLal 3 208 i) (5S¢ Jalacall Al ) QUL Dl 5 501 (Sl
An ionic compound in the liquid slate, or is dissolved in solution | the ons are locked into fixed

positions by strong attractive forces and does not conduct electricity

Pl LAl Jeay ASall Ba g1 0585 Jpbaadl Alla p ABL ANl 31 LS
An ionic compound in the liquid slate, or is dissclved in solution, the ions are fiee to move and

conduct an electric current

1 only
2 only
1 and 3
3 only

by-yousef alsarayrah
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Why ionic compounds in solution and in liquid state ALY AT A5 Jslaall & AgV) CAS Al el 13L
are excellent conductors of electricity? 2 Tl yeSll 33has Soliaga ( y3eaaddl)
/ b
Lattice energy is higher in aqueous solution or liquid speadly Joladl Slla 8 8,0€ L5501 4S50 48U
lons will not form in the aqueous solution or liquid ssgadlly Jeladdl s 3 Sligl eSm o8
The ions are locked into fixed positions in aqueous solution or liquid Jgeanally Jolaall Alla b lgilSe b pads =l gy
The ions are free to move In liquid or aq:eous solution Speaally Joad o 33500 o sl gl

o aj= .:H T "nn !I l =, 2 - ‘ - bk g
Why Ionic compounds in solution and in the liquid state Folugsll flias M Sl 4 } g WD G il SR

are excellent conductors of electricity?

Because attractive forces available Aadll dall (o B8 e
Because motion of charged particles are locked Rpadall ciliiall ASjm A3 oy
Because no charged particles available Tigmda Cllin A pie i by-yousef alsarayrah

Because freely moving charged particles gadad Cliiall AS A s Ca v



Ja g 0Liai JSZN dala ol (TIT, IT, 1) S8 YN e 51 A

In which of the three states (I, II and III) shown in the

figure below, the sodium chloride salt conducts
electricity?

A~ I, Il only

B ~ Il only
C — lll only
0‘0 .
00::
D -1 II, and III

LRLLD)

by-yousef alsarayrah

¢ Pl Sl Ll o g guall S Sl
Lo 1l 11~ A

Lill-B

Lalll-C

Myl 51-D
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21 |CHM.5.1.02.022.09 Explain the effect of applying an external force on the crystal

- lonic crystals are hard, rigid and brittle<& solids
- due to the strong 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:xi the like-charged ions
next to each other; the resulting repulsion 2% between electric
forces breaks apart the crystal.

+44

by-yousef alsarayrah 64



22 | CHM.5.1.01.013.02 Write the chemical formula (using the stock method) of an ionic compound containing monoatomic and polyatomic ions

23 |CHM.5.1.01.013.02 Write the chemical formula (using the stock methed) of an ionic compound centaining mencatomic and pelyatomic ons

24 [CHM.5.1.01.013.01 Write the chemical name of an ionic compound containing monoatomic and polyatomic ions (including oxyanions)

Table 7 Common Monatomic lons

Table 9 Common Polyatomic lons

Atoms that : i : i
Charge of NH, |_ammonium 10, periodate
Group | Commonly Form lons NO,~ | nitrite C,H,O, | acetate
: NO,~ nitrate H.POr d':g: rgégneen
1 H, Li, Na, K, Rb, Cs 1+ | phosp
> B c = 5 OH- | hydroxide co*> carbonate
s M g'V ? , Sr, Ba I :*-i CN- cyanide SO,* sulfite
15 N, P, As 3= MnO, | permanganate | SO, | sulfate
16 O, S, Se, Te 255 Heo,- | hverogen S0 | thiosulfate
. carbonate 28
17 F. Cl, Br, | 1= ClO™ hypochlorite 0,* peroxide
ClO, " chlorite CrO* chromate
Cr2+, Cr3+ ClO, chlorate Cr,0,> | dichromate
hydrogen
10, hi HPO *
Mn2+, Mn3*, Te2* CiO, perchlorate O, Shosnhate
Fe2+ Feit BrO, ‘ bromate POY phosphate
: IO, | iodate AsO,j* | arsenate
CDZ-'-, CD}‘- by-yousef alsarayrah 65



What is the formula of an ionic compound that

violates its corresponding name in the following table?

1 only

2 only

1 and 3

led e o) CallsE Ll W ) dna L

P L Jpull &
Syl pd =S5l e
Name of the compound Compound Number
BET |
) apuiagf) e
(1) assiagl) 220y 5 AlBY. |
157 Aluminum (lIl) bromide
'll = - .
N B peeaed NaNO, 2
2 Sodium nitrite
| PRV Y
352 ()it =hsis Cu(CIO,), 3
Copper(l)chlorate
pstisal) Sd)sls NH,CIO, 4
Ammonium perchlorate

by-yousef alsarayrah
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Sdsiingyadll pgruddl&ll alawgd Glighy il guigill lod) Lo

Ca* PO, HPO,* K* ) ddsa
4 3 2 1 Sl
2g1 A
3gl B
i1g2c v
493 p

by-yousef alsarayrah
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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 Anonial) 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 ionic compound Cu,0 ?

T Cu0 A o sall runiall an¥) La

Copper (Il) oxide

(11) o) dpeusi

Cobalt (1) oxide

(1) e < s

Cobalt (1) oxide

(1) Sale 5Sh 2aussi

Copper (I) oxide

(1) culalll dassi

What is the correct name for the ionic compound
CLI{N'Og}z ?

? Cu(NO;); s o€ pall ransall o) La

Copper(ll) nitrate Copper(l) nitrite

(1) culadd) &l A (1) oeladd) Cu i

Copper(ll) nitrite

(1) oeladd) cu i

Copper(l) nitrate

(1) osadd) il yis

What is the correct name for the ionic compound
Ag;Crﬂq?

T Ag,CrO; 5! S jall masuall ol La

Silver(ll) chromate silver(l) chromate

(11) Aall ciba g 8 (1) Aalll a8

Silver(ll) carbonate
(1) duiadll Sl ga S

Silver(l) carbonate
(1) Azl i s

Which of the following is a correct match between
the name of the compound and the chemical
formula written in front of it?

dasall g S jall an) O s (Gl g4 L Laa ]
dalal Ao gi€all diliaxl)

Sodium nitrate , NaNO:

NaNO; ¢ g geall &l i

Aluminum sulfide, (NH;),S

(NHa)2S « assial¥) Al 5

Sodium nitrite , NaNO;

NaNO; ¢ agpdsall u bl

Calcium sulfate , CaS0,

CaS0, « pgmalll) iy pus
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s Ry Mo i

e compound with the / 1wwu....n,a__s,.nc,._.u,m\.

What is the correct name for
\) following chemical formula? e\ uu\(:
F

p :
e
/ Iron (’2) sulfite F:CSO} () sl CafiyS

Iron (I1I) sulfite —S FQ = CSOS) 3 () el CuigyS
Iron (I1I) sulfate X (1) awad b,

Iron (IN sulfate X (1) 2l Sl,S

24 2-
. SOy,

by-yousef alsarayrah
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ions and oxvanions
What is the correct formula for an ionic compound

formed by the two ions AIP* and SO,° 7

1\
Py alomic
. ) J AISO,

- 1.
SO
Al ¢ ALSO,

2

Al (S0y) |- 7 Aly(SO,);
L Al;(SO,),

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

Ceia¥l e Sl Sal ) €oall Iamall Bl L

€504

(S R0,

AP

3-...

Al (P09,

#*

Al PO,

by-yousef alsarayrah

Copper (II) chromate

3



What is the correct name for the compound with AN Akl Lapall 53 SHall maniall 4y Lo

the following chemical formula?

Cu,CrO,
Copper (II) carbonate (II) ulaall clige S O
Copper (I) carbonate (I) el @lign S O
Copper (I) chromate (D) oelal) e < O
Copper (II) chromate (II) Lelaall cilag < O
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CHM.5.1.02.023.02 Contrast the structures of ionic and metallic compounds

29

Metallic bond is the attraction of a metallic cation and delocalized electrons.s ~
- Delocalized electrons are present in the outer energy levels )Y )l
delocalized electrons are free to move between atoms because they are not held by any specific

Metal cation

atom.
The electron sea model Uiy SV o 73 G:::::gi“t
proposes that all metal atoms in a metallic 06-0.0-0-0-6

solid contributed_lii their valence electrons to
form a “sea” of electrons that surrounds the metal cations in the lattice.

Which is the best description of the valence electrons in the S S Ayl I B D g S ) wdia o) L
metallic bond?

§59060646

9999565
UL RO
A. Have a fixed position in the lattice Al vg G, adige gl A
B. It is a sea of free-moving electrons 45 Al 5 jall Sl AN e e A LB
C. The electron density is concentrated around specific atoms e S 3 S g AN WSS 5T C
D. The positive charges repulse with negative charges in it Al Slald aa Aol cladd ed MUS D 73

—yousef alsarayrah



What is the correct statement about the bonding ool JS2D 3 e gl Jagliil o 3gaid Al Aagnaall Bliall L

model shown in the figure below? Al gl p Ada Sl Sl S| e - A
A - The valence electrons move freely between the e s i gty — B

metallic nuclel S s e slygS iyl Jis - C
B — Form a brittle material Al Sliaty galall igl) e " ad A W 36 - D

C — The Cations convey electricity along the metal

D - The metallic atoms form a "sea” of negatively

charged ions

by-yousef alsarayrah 74



In electron sea model shown below. 1S3 gl g T g dgai

Which of the following is correct? fraa g L g

Number 1 refers to metal’s free electrons all Gl Uy ) uls 1 A8
Number 2 refers to melallic cations S SgalS ) el 2 )0
Melal aloms in this model lose their valence W Laldl) Gl g ) e dgalll (3 A S 15 ki
electrons

Free electrons can move easily from one atom Bslae Al 53 53 e Apgen Bpal) iy S ST
to the next

by-yousef alsarayrah
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‘ 26 ‘CHM.E.I.DE.GEB.DE Explain some physical properties of metals (Melting and boiling points, Thermal and electrical conductivity, Malleability, ductility,

High melting and boiling points - Because a large amount of energy is needed to break these bonds.

*Metals are good conductors of heat.
*Free electrons transfer energy rapidly from hot to cold regions .
*Copper (Cu) and Aluminum (Al) are excellent thermal conductors.

Metals are good conductors of electricity because delocalized electrons move freely through the lattice
when a potential difference is applied.

*Malleable: Can be hammered or rolled into thin sheets.
*Metal atoms can slide over each other without breaking the metallic bond because
* the delocalized electrons keep the structure together.

*Ductile: Can be stretched into wires.
*The same reason as malleability —metallic bonds are strong yet flexible due to mobile electrons.

by-yousef alsarayrah 76



What is the property of metals shown in the figure
below ?

70000
y 9006
e
CHE D

Tolial JSAN (e qual (AN i) JAN Asals La

— 900
e
PP
@@

Hardness and strength

5 gll g 520l

Melting and boiling point

Sl g gl S 2

Thermal and electrical conductivity

£l s g 8 ) ) Jua 5

Malleability , ductility and durability

W‘JM‘J(SJH‘L}"JG

What correctly explains the luster property

in melals?

Tl A Gl ald e S5 sl (S

Metallic cations are strongly attracted to the

electrons surrounding them
The delocalized electrons interact with light,

absorbing and releasing pholons

Each metal atoms has only one delocalized

electron, ns!

Metallic calions separate from the delocalized

electrons

L iagadl g I 1) Say G5l SlipslEl Clag!

ralealialy ¢ ppall pa B el i Sy SN Jelis

w_l_.lj -_'ML;U]“

ns! JSida s aaly O e S )3 Ga U elgia)

Sl e clig SY) e Lol clioleh JLod

77



What correctly explains the luster properiy il S el dals e JS5 il 3 L

in melals?

Metallic cations are strongly atiracted to the o Al g SEI1 ) ety LMl SIS Gl

electrons surrounding them

The delocalized electrons interact with light, cralaallaly ¢ ppuall aa B 00 e DUy SN el
absorbing and releasing pholons iialy bl

. 1 s - . om [t = % w .
Each metal atoms has only one delocalized N5° Sps e 2aly 0558 Ao SO S e 5 clsial

electron, ns'

Metallic cations separate from the delocalized B8 all i g SSIY e Al S SIS ek

electrons

by-yousef alsarayrah 78




What explain the luster of metals? foblall Sleal Hudh s L

The movement of the free (delocalized) electrons more easily 5)uf Agpas (Aaagaiall ;=) 5l ilig aSIYI AS
The reaction of free (delocalized) electrons with light ggaiall aa (dnadagaiall o) Ball Slig sSTY Jelin
The movement of metallic cations through free (delocalized) electrons (aagaddl ;) 5l iy Sy e HUD Sl AS5a

The movement of electrons is fixed around the metallic cation Sl oS Jea 52dl Silig gSTY 3550



What explain malleability of metals?

4o )\>- 8330 593
External
force

goa 1T 1~
PEL
LR
EE S

The movement of the free (delocalized) electrons more easily

The reaction of free (delocalized) electrons with light

£ ykall cl3lall Al udd 53 L

00

B ——

syl pa (Tasasaiall ) Bal) clig sSN) Jelis

The movement of metallic cations through free (delocalized) electrons (agaiall ju2) Bpall clig fSIYI ye flal) Cligl A< )a

The movement of fixed electrons around the metallic cation

by-yousef alsarayrah




27

Water

2H. + ‘O: — H—O:
' |
H

Two Single Covalent Bonds

Ammonia

o
b 4
H

|

3H. + ‘N: — H—N:
i I
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
. |
4H° + ‘'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).

81



Which of the following is the correct Lewis dot structure for the molecule

fluorine (F;)7?

= e .- -
F—F = A e
= - .-
: F—F : F=F :
Select the best answer.

Which of the following is the correct Lewis structure for ammonia (NH3)?

Vy-youbscEl diddidyidil

oL



28 |CHM.5.1.02.007.04 Identify the relationship between the type of a covalent bond (single, double and triple) and its bond length, bond strength and b

What is the correct order for the following Aoyl B8 nea Al el asall us il L

molecules according to the bond strength ' ‘
Teadyl Al Canatyl
from the weakest to the strongest? s e

F, 1.43 x 107" m
N, 1.10x 10"° m
0, 1.21 x 107" m
O, < F, < N- Single Covalent Bond | Double Covalent Bond | Triple Covalent Bond
X—X Y= Z1=1
F: < N: < 03 Bond Length Longest Shortest
Bond Strength Weakest Strongest
F.< O, <N, Bond dissociation
- - - Smallest Largest
energy
N, < F, < O,

by-yousef alsarayrah 83



What is the correct ascending order of the length of the
covalent bond for the molecules shown in the table ?

Bond- ﬂhmiltlnn Energy {bond type) lll'hlnhcull',i

| Lanloll R 11 okl raiall oo Ll o all L
£ dstall 350l iyl

o054 ki mol ﬁ:.::j
159 kifmal ;T:;Ia:::ﬂd F,
498 ) miol Dﬁ:;::d o,
]
F, N, 0, F,[— 0,—— N,
NI FI . IDI NI 02 FI
What is the correct ascending order of the dissociation energy ‘7"-1-":'_1951 IS8 ‘lilﬂ Tesall gl i All Le
of these covalent bond ? (SY) A Al fpa) € ALl doanlodll Jad g 10
C-C—+C=C —+C=C CEC—>C=C —C-C

C=C—+C-C—+C=C( C-C—>C=C—>C=C




Which is the correct ascending order of the molecules shown in Apaalol) Aoyt ) 5 b caeen gl 530 Laalll ol 2 La
the table below according to the strength of the covalent bond? oLl J gaaly 53 ) ol DA Sl jaull
(m) il Jyla
Bond length (m)
1.43%1071°
1.21x107%° 0,
1-10'10"10 N:
A (weakest) F, -+ 0, -+ N, (Strongest) (s 8Y) N, « 0, « F, (..h.dt) A
B. (weakest) 0, — F, —+ N, (Strongest) () Ny« F, « 0, (<aa¥) B
Cc (weakest) N, — O, — F, (Strongest) (s $0) F; = 0; =N, ( a¥) .C
D (weakest) O, —+ N, — F, (Strongest) (597) F, « N; « 0, (<s¥).D
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Which statement is true of the table shown down?

eolial Jgaatls (Bl Lasd daaua 400N Cljbal)

Bond-Dissociation energy ala:))ll i<k 28l | Bond length i)l Jsha | Molecule . sjall
159 kJ/mol 1,43 107%°m F,
498 kJ/mol 1.21X 107%m 0,
945 kJ/mol 1,10x 10~ 1°m N,

Triple bond is the shortest and have the high bond dissociation energy

As bond length increases the bond dissociation energy increases

Single bond is the shortest and have the less bond dissociation energy

As bond length decreases the bond dissociation energy decrease

by-yousef alsarayrah

A6 dils o Lgly puad) A AU Ao

Ala))l) G885 Als sl LS Alagll Joka 1) LS

A< a3l 3l \gly juall) o dolal Ayl

Aol A8 2ila 8 LIS 2y Jola B LK
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‘ 29 ‘ CHM.5.1.01.014.02 Name a binary molecular compound based on its molecular formula (up to deca-)

The naming of N, O is explained in the following rules.

s N\ o £ L ~r

1. The first element in the formula is always named first, using the entire element Exceptions
name. N is the symbol for nitrogen. The first element in the
2. The second element in the formula is named using its root and adding the suffix compound name never
-ide. O is the symbol for oxygen so the second word is oxide. uses the mono- prefix
3. Prefixes are used to indicate the number of atoms of each element that are Example: CO
present in the compound. Table 2 lists the most common prefixes used. There are It is called

two atoms of nitrogen and one atom of oxygen, so the first word is dinitrogen
and the second word is monoxide.

carbon monoxide
and not

monocarbon monoxide

Table 2 Prefixes in Covalent Compounds

Number of Atoms Prefix ’ Number of Atoms Prefix
1 mono- 6 hexa-
2 di- 7 hepta-
3 tri- 8 octa-
4 7 tetra- 9 | nona-
5 penta- 10 deca-

by-yousef alsarayrah 87



What is the correct name for the ionic compound N.F; ?

¢ NoFs Asd) o€ jall pniall ad) La

Tetranitride difluoro

8 A &

Tetraphosphide dinitrogen

O g Al AU aad b Al

Dinitrogen tetraphosphide

O g il AU 3y 5 618 Al

Tetranitride diphosphorous

S5 sl S 8 R

What is the correct name for the ionic compound P,0s ?

? Py0s (5l i€ pall il and) La

Dipotassium Pentaoxide

psaalipall A 2aiSi uals

dinitrogen Tetraphosphide

s A A s g o

Phosphorus Pentaoxide

Diphosphorous Pentaoxide

J‘jju.ﬂ! ,’,iL‘ﬁ -I_*uﬁ-! bﬂu

What is the correct name for the ionic compound S.Cl; ?

€ 5,Cl AsY) S all masall and La

Disulfur dichloride

S sl A 3l S

Sulfur chloride

s sl gl

Sulfur dichloride

S sl AL gl

Disulfur chloride

G sl (A ) pls

What is the correct formula for the chlorine trifluoride

¢ sl et DG g jall daauall diuall La

CIF

FsCl

CIF;

Cl;sF
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What is the name of the molecular compound S,F,,? 18;F 0 Al (53 el oS5l ol

A —Decasulfur Difluoride ;uﬂg,l.‘.‘.’. a:_l,liq:.l:-A

B ~Disulfur Decafluoride sl Sl 08 lle - B

C — Difluoride decaselenium pgsishaud) - o2 a;u,ﬁ‘,:-l:--c

D - Difluoride diselenium pesidadl SIS ) 2l —-D
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30 | CHM.5.1.02.002.02 Draw Lewis structures for a number of polyatomic ions

€. Uraw Lewis straciare ospnate 1on POz
Step 1: Identify the central atom
The molecule consists of a phosphorus atom and four Oxygen atoms
phosphorus atom is the central atom.

0 P QO

Step 2: Identify the bonds created
1) Number of electrons involved,
The Oxygen atom (in group 16) has six valence electrons,
The phosphorus atom (group 15) has four valence electrons,
The ion charge (-3), so we add 3 three more electrons.
32 =(6 x4)+ 5 + 3 valence electrons,

(6 X 4) +5 + 3 = 32 valence electrons

by-yousef alsarayrah

2) i:]eaarmine the number of bonds in the molecule,
(16 Valence electrons) / (2 electrons for each bond) = 8 bonds

3) Molecule drawing

4) Calculate the remaining electrons

e have four 4 bonds for eight electrons and basically, we have thirty two 32 e
hich leaves twenty-four electrons, or 12 pairs of electrons, and the final will be,

3=
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15 - - ‘]'I'I.' 21;1-5= iqﬂ-l-aﬁ
Og=\S 252 _,GéxL=2L8& =32 _ G
- =5
T
I IL_?—(D—{_E_}':
| |
:{_::J:
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+
“ NH, : cssu ﬂyh‘&uﬂgﬂ&i&dm@
LS50

Ny =\S" 25" 20> . 5

=19 o \exl-Lé g st
=
_ H
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SO0 ) sl oo L01 U0 910 Liade & aas Al s gas )| Al
921 ol s m S Ouogd T 5 o

NO; owg) T 5 )l s Jus
Eu.;& FAp A

ST 28 2 |
M?' S PJ"S‘: 12345= 23e +1 =2),&

2
ﬁ%_s_zs_z_\a_‘pém = 18 s
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—

What is thc'iolal numier af valence EIIEGUEII'IE_:IE"J'ﬂ lable
lar bonding in pl'-asp'aale ion F’DJ,

. za’/— L:EI\\W -¢
e F‘OLr/

| FIPPY | Jquimlﬂtﬂjuu SN Sadg el 2oe ﬁﬂb -
—* 5 "I e.. ._--_"—‘—\-_ TPGJ !

- .:.L.}r} a8 5 -+
}E" r-|£5 lf-J'f:, HE Qq
; w ..‘ . Ll I L N | : LN ] I -.-N.* aa - +
Ll Be "B . -H h, =-- /.: :nFq ) =HE= 3 +
! . ”1 " B T N - H’J ; --H\‘"I.;-_‘.-. = e - - -
Na Mg JE"J Si [[«P /I : :El' tAr: 32 Ve
32 L
26
30

When drawing the Lewis structure of (NF,)" ion , how
many pairs of electrons are available for bonding
(atomic numbers are F=17, N=7)?

Sl g A gl gl 48 oS, (NFa)* Cadl sl s oy i
¢ Loyl A1 5 3 glall
( F=17, N=7 a4 i e )

34 33

32 30

When drawing the Lewis structure of (PO4) ion , how
many pairs of electrons are available for bonding
(atomic numbers are P=15, 0=8)7?

Sl A @) g0 230 a8, (POL)3 Gsdl Ga gl Ay a0
¢ Loyl 5l 5 )3 giall
( P=15, 0=8 A &, 2

34 33

32 30

by-yousef alsarayrah
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Which of the following is the correct Lewis dot structure for ¢ NH,™ tagaipal) 0o gl auil Tl a5 S Laa (;I

ammonium ion NH,"?
(1= Gma,aetls ST Gaag il SN Gl pcl] sac)

(Number of valence electrons of nitrogen=5 , and hydrogen=1)

it

by-yousef alsarayrah 95



The correct Lewis structure for the polyatomic ion
phosphate (PO4*)? Atomic numberP =15 , 0=8

T A (POS) s dasaal) G ol A
0=8 3 15=PJ 2 anl

6 P :Eii: :E?: :lﬁ_}:
:0—P—0: D—FI‘—D :G—Ir—o: :O—P—0:
. - - TR
:Q: :Q: :9: :O:

The correct Lewis structure for the polyatomic ion ¢ A (NO;) G900 Aaaal) G o Ay
phosphate ( NOs )? Atomic numberN=7 , 0=8 0=8 357 =NJg
:{Ij: - :'[?: I{j—isl: :?: -
/’N‘m fN‘i N‘\ ;-"'N“‘%
D' O .0. O: D"x \‘Q: 9] ok

by-yousef alsarayrah
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disulfide G8,.The drawing steps are shown in the AR Jpaadl B eyl Silghd el

following table, Which student followed the correct TS pall ae ) dania Calghas Al Ol e ,_;L

Sultan Ul

steps to draw the compound?

SIS 2y 5D e pealall 3oy snalal
Mumber of valence electrons Element Symbol Element
. )
Rashid ., 6 s S
sulfur
e
4 c Qs
carbon
Khalifa ails W oL
Hamad —e= Sultan ;liale Rashid 2z, Khalifa dadla P
Drawing steps
Lol shpall Sl iy pll) sae | Tles]
3 ]_ﬁ 22 ]_ﬁ The fotal number of valence electrons available
Hamad s for bending
Lol gahil 2o e
4 4 11 8 The total number of bonding pair

el A dady il 2ae
The number of bonds in molecule

i b clig S 2yl e

The number of lone pairs

i3
b3
=
g

i3
b3
7]
g

$-C-51 5 _¢c-§|5-Cc-5:[:§=-C-8¢ e

The Lewis stuctura
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