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__CHAPTER G-
The Periodic Table and Periodic Law

BlG | D EA Periodic trends in the properties of atoms allow us to predict physical and

chemical properties.

SECTIONS

1 Development of the ®
Modern Periodic Table

2 Classification of
the Elements

3 Periodic Trends




llustrate the development of the penodic table of Mendeleev to the modern penodic table

Modern Periodic
table

I

il s ) ) A s A s g ) S "._.'-;hﬁ

Page
4,5,6

Table 2 Contributions to the
Classification of Elements

—

. Newlands (1837-1898)
arranged elements by increasing atomic mass
noticed the repetition of properties every eighth element
created the law of octaves

Lothar Meyer (1830-1895)
» demonstrated a connection between atomic mass and elements’ properties
o arranged the elements in order of increasing atomic mass

Dmitri Mendeleev (1834-1907)

« demonstrated a connection between atomic mass and elements’ properties
o arranged the elements in order of increasing atomic mass

« predicted the existence and properties of undiscovered elements

Henry Moseley (1887-1915)

o discovered that atoms contain a unique number of protons called the
atomic number

« arranged elements in order of increasing atomic number, which resulted in a
periodic pattern of properties




In the first version of Mendeleev’s table.

What did the empty spaces represent?

i Jeta e JOY Ayl b
€ A Al cilatead (55 3L

K w30 |Rb == 83 | Cs » 183 - -—_
Cae= 40 | B2 = 87 | B v 387 - -~
- DY e BOP IDH e 1087 | Er = 1782 -
Ti o= 487 | Zsr == %0 | Co = 1407 |TLa == 1850? -8
V o= & Nb = ™ —_ Ta = 182 -
Cr o 82 | Mo= %6 —_ W o 184 - 140
Ma= 55 - — - S
Fo o &5 | Ra =104 - On == 1057 —
Typische Elements Co == 69 R == 104 — Ir = 197 c—
Ni - 50 | Pd = 108 - o= 1987 -
H w1 i = 1 Na = 23 Cuw= 68 | Ag = 108 o An = 1097 —
Be = 94 Mg = 24 o= G0 | Cd == 112 p— Hg = 300 —
B o= 11 Al o 37 - fn =110 — TI = 304 ==
C = 12 B = I8 — Bo == 116 — Pb = 207 —
N o i4 P ™ As - TO Bb == 172 —_ Bi - 08 —
0 = 16 5 = 22 Bo e 78 | Te = 1357 — — —
- _— Lol R e s . — J— p—
Learning Outcomes Covered
o CHM.5.1.01.004
a. |
Isotopes 3
b.
Radioactive elements Axlia 3 =
c.
Natural elements A =
o e . . . .. . . 0. . ... . . . . .

d.

Undiscovered elements

P



|dentify the location of elments and the main features of the modern periodic table

e

PERIODIC TABLE

Representative Elements
| p~block >
Representative Elements Nobie
l=S-blocksy gases
18

13 14 15 16 17 8
Transition Elements

d - block |-_
S g2 2 78 9¢ 3" I3 12 I.—I'-—I_l——[_

rpfﬁfférrPrFP

1 o i
o o0 e [ on [ o

Inner Transition Elements
|- f-block




Periodic table of the elements

[] Alkali metals

[] Halogens

B group [] Alkaline-earth metals [ _] Noble gases
2 L [] Transition metals [] Rare-earth elements (21, 39, 57-71) 8
; 1 e p— and lanthanoid elements (57-71 only) 2
H 2 13 14 15 16 17 | He
3 a [] Other nonmetals [[] Actinoid elements 5 6 7 8 9 10
2| L | Be B|C|N|O|F|Ne
11 12 13 14 15 16 17 18
% | Na Mg | 3 4 5 6 7 8 9 10 1 12 | Al | Si | P S | Cl | Ar
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
* K |Ca|Sc | Ti V |Cr Mn| Fe |Co| Ni |Cu|2Zn | Ga | Ge | As | Se | Br | Kr
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
>IRb|Sr| Y | 2zr |Nb|Mo| Tc | Ru|Rh| Pd Ag |Cd | In | Sn | Sb | Te | Xe
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
®/cs|Ba|La|Hf [Ta|W |Re|Os| Ir | Pt |Au|Hg| TI | Pb| Bi | Po | At | Rn
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 ([Cn [ Nh | FI [Mc | Lv | Ts | Og
e 58 59 60 61 62 63 64 65 66 67 68 69 70 71
Ce | Pr [Nd [Pm|[Sm | Eu |Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
—— 90 91 92 93 94 95 96 97 98 99 100 |101 [102 |103
Th |Pa| U  Np|Pu|Am |Cm | Bk | Cf | Es | Fm | Md | No | Lr

*Numbering system adopted by the International Union of Pure and Applied Chemistry (IUPAC).

© Encyclopadia Britannica, Inc.




yoli=ll w7 Order of the elements

The order of elements in the modern periodic table is EWRAL
based on an element’s.............

name

atomic number

chemical symbol

atomic mass

-------------------------

atomic number
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Textbook
CHML5.1.01.007 Identify the location of Lanthanides and Actinide in the perlodic table while llustrating some of thelr uses

Group 1: Alkali metals —

* All have same physical and chemical properties
* They have same valence electron thatis 1. \
* They all are metals.

S block elements

Representative
Group 2: alkaline earth metals elements
* All have same physical and chemical properties -

* They have same valence electron that is 2.

* They all are metals.

 Group 13,14,15,16,17 and Group 18
* There are metals, metalloids and nonmetals.
* General configuration ns? np'®

> P block elements
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e

N

|8 ;

g|E i

NIt (WO |O| n]| @©

e|< || = ||| ap

=I5 HEEHEE

- x| 2 Transition metals o|2(2|2|w|3

Group 1 <|¢ CH LR O ECT b

<

 Group 3-Group 12 Transition
* There are metals. » D block elements * elements
7 IEE S G Inner-Transition

y

* There are metals. F block elements

. There divided into [SHERGHIBES and EHRIGES:

elements

v



PERIODIC TABLE OF ELEMENTS

Metal - Nonmetal

He

Li

Be

Ne

Na

Mg

Ar

Kr

Sr| Y | Zr [ Nb|Mo| Tc |

Xe

A

Rn

Fr

R_a Aclr

©®

Ho| Er |Tm| Yb | Lu
Es | Fm|Md| No| Lr

La|Ce| Pr|Nd|Pm|Sm| Eu|[Gd| Tb
Ac|Th|Pa| U |[Np|Pu|Am|Cm| Bk

NE

Metalloids or semimetals have physical
and chemical properties of both metals

and non-metals. Represented in green box

Such as and germanium (Ge)
which used in computer chips and solar
cells.

(IR o 7T) Nonmetals Nonmetals occupy the upper-
right sice of the periodic table. They are represented by the yellow

boxes in Figure 5. Nonmetals are elements that are generally gases or
brittle, dull-looking solids. They are poor conductors of heat and
electricity. The only nonmetal that is a liquid at room temperature is
bromine (Br). The most abundant element in the human body is the
nonmetal oxygen, which constitutes 65% of the body mass.

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




Which number represents inner transition metals in the

diagram of periodic table of elements shown below?

Jrtall ool Tadadill mua ) B AASI LAY SN Sigf (521 a3 e

Be i
(] ry 9
S [ I
1 i 1 Ni 4 5 |
3 [
+
6
Th 1

¢ pealiall (5, 920l

..............................................................................................................................................................................................................




Q.14: ;olizll g5lss

What elements are represented
number 1 in the figure below?

by the region labeled by the

Mark(s): 5/5

e slaal USal 81 A3 Lol Ll Zakarad) LgBE ol el s e

| : |
~
z
H
H
i
§ -
3
1
Learning Outcomes Covered
o CHM.5.1.01.004

prResnennnnny

Transition elements

3
:
X

Representative elements

Actinides

Alkall metals

L gla s




./""\}

sl
Which element similar in chemical properties to the Crig Y il A puaie Al Galpdd) A LS jalc q,-i
element have the electron configuration?
[He] 2s? 2p°

An element located in block S S ranall A pds W jucic O
An element located in period 2 2 5ol A ak (oM yeaie O
An element located in block p P penall d aks oM yiaic O
An element located in group 17 17 deganall 6 ads (o2 jeaic O

an element located in group 17




Which block that element have the electron e AL (g A1 Qi Al 53 jealal) 4B Al (G31 pana (gl

configuration is located in it?

[Ar] 4s? 3d!

Block { f aanall
Block S S aanall
Block d d aanal
Block p P aanall

O O O O

Block d



What does the green boxes bordering the stairstep line in esaf J<an & ol Lal e e chuadl) Colesall P S KON

below figure represent?

B
Learning Outcomes Covered \
o CHM.5.1.01.004
a.
Metals o
b.
Nonmetals <y |
05 e Ao A 4 o . o S A, 2 e, 3 o . e e o e 3 e . B e 5o, P B AL LA i A o im0 e P e 0 P 0
]
c.3:
i
1 Metalloids alsial .
g
.
B o o S -
d.

Lanthanides calaasd



Page 13

Gl Jsandl § (5, p, ) olaazmall (3o (5§ ol Binaall Siliall 332 CHMLS.1.01.008.01

I..‘.IUS." o

CHM.5.1.01.008.01 Identify the characteristics of the elements in each of the block (s, p, d, and f) of the periodic table

Textbook

13,14 ,15

Valence electrons are the electrons present in the outermost energy level (shell/ring)

Elements belongs to same group have same number
of valence electron. For example, Group 1 (Li, Na, K
have same valence electron that is 1.

Elements in Group 2 have 2 valence electron, group

13 have 3, Group 14 have 4, group 18 have 8 valence
electrons.

Bohr model of Sodium atom

—— I
A TN Lewis Dot Structure
for Sodium

|
J
y 7 |
/ J J
v’ / / !
o / /
- 3 - ? .'/'

1 18
a0 3 14 15 16 17 |N€
Li* | Be’ B C N O F Ne
Na'| Mg’ Al -Q.i' P S :(°::|: :/:\:r:
K | Car .Ga'|.Ge’|.As: | .Se: | :Br: [ :Kr:
Ro-| | [line [ s [ose| e | [
Cs' | Ba' Tr Pb Bl Po Rn




ﬁ@ Elements are organized into different blocks in the periodic table
according to their electron configurations.

j:um ) 3 P l » Figure 6.8 The periodic table is
4] — divided into four blocks—s, p, d, and f.

Analyze What is the relationship
\2 - / 2_ between the maximum number of

dblock electrons an energy sublevel can
hold and the size of that block on
the diagram?

N\ f block

» Because s orbitals hold 2 electrons at most, the s-block

spans 2 groups.
S block consists of group 1,2

P block consist of group 13 to 18 » The p-block spans 6 groups because the 3 p orbitals can
d block consist of group 3 to 12 hold a maximum of 6 electrons.

F block consist of inner transition elements (period 6,7 ) » The 5 d orbitals can hold 10 electrons, so the d-block spans

10 groups on the periodic table.



Why do elements in the same group have similar Lgaabs Az

chemical properies?

Learning Outcomes Covered

d.

CHM.5.1.017.004
CHM.5.1.01.008
CHM.5.1.01.009
CHM.5.1.07.011
CHM.5.1.01.013
CHM.5.1.01.014
CHM.5.1.02.002
CHM.5.1.02.003
CHM.5.1.02.007
CHM.5.1.02.022

e TS Y= EO ¢« T+ S« R ¢ R i«

Because they have the same number of valence electrons

Because they have the same atomic number

Because lhey have lhe same mass numier

|
Because they have the same number of isotopes




What is the number of valence electrons Polil Adpidl A pandl yualie b anled SN MEN Sl el a2 L

in the elements of the group shown down?

group 17

:f::l:

:B‘r:

17




Use the electron configuration notation, orbital notation, and noble gas notation of an element to identify
the location of an element in the periodic table (period. group and block)

et ) e St e g il G0 g e S el e Ry i A A e

EXAMPLE 1

ELECTRON CONFIGURATION AND THE PERIODIC TABLE Strontium, which is used to
produce red fireworks, has an electron configuration of [Krl5s2 Without using the
periodic table, determine the group, period, and block of strontium.

ANALYZE THE PROBLEM

You are given the electron configuration of strontium.

Known Unknown

Electron configuration = [Kr]5s2  Group = ?
Period = ?
Block = ?

SOLVE FOR THE UNKNOWN

The s? indicates that strontium’s valence electrons fill the For representative elements, the number of valence
s sublevel. Thus, strontium is in group 2 of the s-block. electrons can indicate the group number.

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



8. Without using the periodic table, determine the group, period, and block of an atom with
the following electron configurations.

a. [Ne]3s? b. [He]2s? c. [Kr]5s24d1%5p°®
Electron
Configuration Group Period Block
a. [Ne]3s? 2 3 S
b. [He]2s? 2 2 S
c. [Kr]5524d'95p> 17 5 p




9. What are the symbols for the elements with the following valence electron configurations?
a. s%d? b. s?p3 c. s?p®
10. Challenge Write the electron configuration of the following elements.
a. the group 2 element in the fourth period c. the noble gas in the fifth period
b. the group 12 element in the fourth period d. the group 16 element in the second period

10. Challenge Write the electron configuration of

9. What are the symbols for the elements with the the following elements.
following valence electron configurations? a. the group 2 element in the fourth period
a. s2d! 1522522p63523pb4s2
S¢, Y, La, Ac b. the group 12 element in the fourth period
b szp3 1522522p%3523pb4523(d10
N, P. As, Sb, Bi c. the noble gas in the fifth period

1522522p83523p®4523d1%4pb5524d 1058

c. sp°

d. the group 16 element in the second period
Ne, Ar, Kr, Xe, Rn

1522522p?




Using the following electron configuration, Yy | JUES O

[Ar] 4s* 3d°

¢ il ad s o ol Jota) 8 mend e
In which block in the periodic table the elements is most pa 8 g g ¢ g
likely found?



(e gamall_pe Jaudl JeBl (pog 819l ne el 3o sl o Ly2xlly) G9! Jakad) (ya Lo 8393 se 1 U1 BLai¥ (901 ool %0 CHM.5.1.01.009.06 Oolidas + 2 Jlo + 12 5 11 JEEY + LUSI ol
— 2 17,18,19
CHM.5.1.01.009.06 Explain the periodic trend of atomic radii across a period and down a group

Textbook + figures 11 , 12 + example 2 +Applications

Atomic radius: Size of an atom distance from nucleus to outermost e".

Atomic radius: defined as % distance between two neighbouring nuclei in a
molecule or crystal.

Aﬁected by Bonded metallic

sodium atoms in

Bonded nonmetal hydrogen

1) number of energy levels. NGy . atoms in a molecule
2) proton pulling power (ppp).

Radius

Radius
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Explain the pericdic trend of atomic radii across a period and down a group

R el e e T e e e R P e

DECREASING Atomic Size

Increasing # of protons in nucleus pulls in electrons

Down a group atomic size
increases because as you
go down shell/ring/Energy
level is added.

O:O'O’O'o'o'o'o
Q00o/o/o/o|a]
QOOOO O =3 o}

As you go across a
period (LtoR) ,

INCREASING

atomic radius
decreases.

Each period
adds energy
level




ANSWER

= From the periodic table, all the elements are found to be in period 2.
= Ordering the elements from left-to-right across the period yields: Li, Be, C,
and F.

= The first element in period 2, lithium (Li), has the largest radius.

Answer the following questions using your knowledge of group and period trends in
atomic radii. Do not use the atomic radii values in Figure 11 to answer the questions.

16.

L.

18.

19.

Which has the largest atomic radius: magnesium (Mg), silicon (Si), sulfur (S),
or sodium (Na)? The smallest?

The figure on the right shows helium, krypton, and radon. Which one is krypton?
How can you tell?

Can you determine which of two unknown elements has the larger radius if
the only known information is that the atomic number of one of the elements
is 20 greater than the other? Explain.

Challenge Determine which element in each pair has the largest atomic radius:
a. the element in period 2, group 1; or the element in period 3, group 18

b. the element in period 5, group 2; or the element in period 3, group 16

c. the element in period 3, group 14; or the element in period 6, group 15

d. the element in period 4, group 18; or the element in period 2, group 16




ANSWER

16) Na has the largest atomic radius, while S has the smallest atomic radius.
17) B is krypton (Kr), as He, Kr and Rn are in the same group, group 18 and the
atomic radius increases as we go down the group, so Kr has medium size as it

is between, He and Rn. “.
A B 9

ANSWER for 19

a. Theelementin perion 2 group 1.
b. The elementin period 5 group 2.
¢. Theelementin perioc 3 group 14.
d. The elementin neriod 2 group 16.




Question 7

Why atomic radius generally increases as move down a greup? e gana (5 JNA QALY S e A3 UV Ciladl sl Vil
9 L ,’.:"’.S',..cxz‘;",.'mm\?s°'»:—,
T = ‘ i’?—'—" Relatve size
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Because the principal energy level remains the same ol et ) A8 gina el Csew
Because the valence electrons are farther from the nucleus Bladl e galSal) clig I day ol Cus O
Because the decreasing positive charge in the nucleus Bloill Aad Lokl s O
Because the valence electrons are closer to the nucleus Baill e AISEN iy SN a8 LAY Cau O

Because the valence electrons are farther away from the
nucleus




C.

R

Why atomic radii generally decrease as moving from left to 50 pe Cpall M ladl s JEY s 2,8 B Gl 8 130
right across a period? fals dna

Ay UaEYY Caleadl U
Atomic radii decrease

————gm.

e it Chemical symbol

' y— >
e o B - Atomic radius oo
# s Relative size
' ~ |""_' e .
2 o 4 " - o
U nise [0 mle i slo nlr 2ine n
2
o ® | ® | o | e | o e
Na W g WO N mirmwis 90 00 W
]
® O 6 o o e e e
X 2 .C. » Cath Co 22 A0 [ % ™ B 18 Kr 2

Because the number of prinelple energy levels decrease Luatyl BN Sliginn d3e Gleali e s
Because the positive charge in the nucleus decrease slgtll A Al Aadil plall |
Because the positive charge in the nucleus increase Elaall & Smsall adll 5ol o

O 4 - 9 0 - -

Because the number of principle energy levels increase et yll 23U Sligiiee 2o 33l &

ArsmmmmwE-
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19,20
CHM.5.1.01.009.13 Explain the difference in size between an atom and its ion (anion or cation) Textbook + Figure 13 , 14

® Jon: an atom or bonded group of atoms that has a positive or

negative charge. When atoms lose electrons and form
positively ions, they always become

lons B . — smaller.
* O S o "W | P ™
When atoms gain electrons and form
N ; negative ions, they always become
L Tl A T larger.
CATION INNITON - - -
. /\ 2 o\
/‘ \ )
—_— - — = - \
186 pm 102 pm CDO pm 181 pm
Sodium atom (Na) Sodium ion (Na*) Chlorine atom (Cl) Chlorine ion (Cl-)
[Ne)3s' [Ne) [Ne]3s?3p° [Ne]3s23p°or [Ar]

» Figure 13 The size of atoms varies greatly when they form fons.
a. Positive ions are smaller than the neutral atoms from which they form.
b. Negative ions are larger than the neutral atoms from which they form,



= Figure 14 The ionic radii of most of
the representative elements are shown in
picometers (102 m).

Explain why the ionic radii increase for
both positive and negative ions as you

move down a group.
lonic radius ————
Chemical symbol — K 138
Charge—+1+ @

P 2 |
Relative size ———1

Period

1 2 13 14 15 16 17
Li 76 | Be 31 B 20 | € 15 | N 146 | O 140 | F 133
1+ ® |2+ e # e |4 ¢ 3-@|-@|1-@
Na 102 | Mg 72 Al 54 [ Si 41 | P212 | S 184 | o 181
+ @ |2+ ® 3+ e | 4+ o 3—‘ - @ -@
K 138 | ca 100 Ga 62 | Ge 53 | As222 | Se 198 | Br 19
+@ |2+ @ 3+ @ |4+ @ 3—‘ > @ -

Rb 152 | Sr 118 In 8 | Sn 71 | Sb 62 | Te 221 | 1 220
+@ |+ @ 3+ @ | 4+ @ |5+ @ 2—. 1-‘
Cs 167 | Ba 135 Tl 9 | Pb 84 | Bi 74

+@ |2+ @ + @ | 4+ @ |5+ ®

» 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
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Explain the trend of first ionization energy across a period and down a group of the periodic table

[ gl e Sl fY g Bl o el g el i) el gl e gy h e A S el sl

_Amount of energy required to remove an

Generally increases electron from the gaseous atom.

3 '
g 1 As we go along a period lonization energy increases because
= atomic size is approaching smaller and smaller.
:
2 1 As we go down a group lonization energy decreases because
Trends in First lonization atomic size is getting bigger.
Energies

Figure 17 lonization energies
generally increase from left to right in a
period and generally decrease as you move

down a group.
Small size, electrons are near to nucleus and large size electrons are far away from
attracted more. So difficult to remove electron nucleus and attracted less . So easily you can
and hence more ionization energy. remove electron. Hence less ionization

energy.



First ionization energy (kJ/mol)

First lonization Energy of Elements in Periods 1=5 “ Figure 16 The firstionization energies for
elements in periods 1through 5 are shown as a
2500 ||-Period2 | Period 3 Period 4 Period|5 function of the atomic number.
He
2000 Ke
Ar
1500 1 [ v
H ! / Xe
1000 #
fad
500 |- N Table 5 Successive lonization Energies for the Period 2 Elements
Li Na K dRb
Valence lonization Energy (kJ/mol)*

o ol I 0 I B R I G
0 10 20 30 40 50 60
520 7300

Atomic number . ] 150
Be 2 900 1760 14850 = 21,010
B 3 800 2430 3660 | 25,020 | 32,820
C 4 1090 2350 4620 @ 6220 | 37830 | 47,280
N 5 1400 | 2860 | 4580 7480 | 9440 | 53,270 | 64,360
0 6 1310 | 3390 5300 | 7470 10,980 | 13,330 | 7,870 = 84,080
F 7 1680 ‘3370 6050 V 8410 11,020 = 15160 ” 17870 | 92,040 | 106,430
Ne 8 2080 3950 6120 9370 = 12180 = 15240 @ 20,000 @ 23,070 115,380




Which electron configuration represents the highest first ol e o o g S ol
ionization energy?
[He]2s? 2p°
[He]2s!
[He]2s 2p!
[He]2s? 2p*

[He] 252 2p3



Which diagram correctly shows the trends for TS e s Jalasy _!I
the first ionization energy? o o “_‘;Y' oo 250

Learning Outcomes Covered

o CHM.5.1.01.009
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Explain the periodic trend of electronegativity across a period and down a group of the periodic table

(o o Jamll Ao Ay s o ) o) 4 D A sl S A A A g A ) Gl ) T

_is the ability of an atom to attract electrons in a chemical bond.

Increasing electronegativity
—
I:I electronegativity < 1.0
D 1.0 < electronegativity < 2.0
3 R
‘L | Be . 2.0 < electronegativity < 3.0
= TR 3.0 < electronegativity < 4.0
> Na “'5
1 IR AR T
3 K | Ca | Sc | T | ¥ | C [ : l&
ol | 082|100 | 136 | 154 | 163 | 166 | | 165
2 37 | 38 | 39 | 40 | 41 [ 42 T #®8
2 Rb | & | Y | Zr | Nb | Mo Cd
oN (082095 |122 | 133 | 16 | 216 | 169
@ 55 | 5 | 5 | 12 | B3| 14 80 |
o Cs [Ba [ La | Hf | Ta | W Hg
079 | 089 | 11 | 13 | 15 | 17 1.9
87 | 88 | 89 | 104 | 105 | 106 12
Fr | Ra | Ac | Rf | Db | Sg Cn
070 | 0.90 | 11
Electronegativity Values in Paulings

* Electronegativity increases along period
* Electronegativity decreases down a group



Question 8

Which of the following diagrams correctly shows the trend of franaa JShy AuilgS Andlud) 75985 Gaad A0 Cithbdal)
electronegativity?
Which of the
ele JSiy oai ple JSlu 2Dy \/
a. Generally decreases b . Generally increases
. ES n =
ole JSiy oai :: ple JSlu any ::
Generally decreases Generally decreases
ale JSlu 20y d
C. Generally increases ’ el:nmlly decreases
="
L s _ - =
ele JS& Dby e ple JSiw 2oy — —
Generally increases e Generally increases ]




Which group does not have electronegativity values

on the periodic table of elements?

PERIODIC TABLE OF THE ELEMENTS

! saliall g 92l Jgaad)

1

H p 13 4 15 16
1008

3 4 5 6 7 8
Li | Be lc|x]|o
¢8| 2012 1081 | 1201 | 1801 | 1600

l aarnina Nutramae CAavarad

a.
Group 1

Group 17




CHAPTER 2 _

lonic Compounds and Metals

BIGIDEA lonic compounds are held together by chemical bonds formed by the
attraction of oppositely charged ions.

SECTIONS

1 lon Formation

2 lonic Bonds and
lonic Compounds

3 Names and Formulas
for lonic Compounds

73



Describe how ions (cations and anions) form to fulfill the octet rule Page 37;38;39

e 5aed | gl (Adidl g fm el S B S S S e

How are cations formed? Explain l

Cation-A positively charged ion is called as cation.

O Ne atom — 152 252 2p® L
oses Quter
O Na atom - 1s? 252 2p® 3s- eu
ectron
(] Metals ions are reactive because

U they lose the electrons more  sodium Atom Sodium lon
easily. Table 2 Group 1, 2, and 13 lons
QK > Na* > Mg2+ ...... Charge of lon Formed
[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 s%p' electrons are lost




Describe how ions (cations and anions) form to fulfill the octet rule Page 37;38;39

Al 250 R (e g ) i ) i 3 s

How are Anions formed? Explain .

anion-A negatively charged ion is called as anion.

L 4 J

chlorine atom chloride anion

le 3 Group 15-17 lons

15 [noble gas] ns?np® | 3— when three electrons are gained
16 [noble gas] ns?np®  2— when two electrons are gained

7 [noble gas] ns?np® | 1— when one electron is gained




Neutral atom

loss of gain of

electron(:)/ B \e:ectron(s)

Cation Anion



The orbital notation of Magnesium is shown in the figure coliaf JSEN A poaeaiball  SIEN e S

below. How does Magnesium form its ion? 24y Qe &1 aspsiiall O 5 LS

M
1s 2s 2p 3s

Lose four electrons Salig Sl 4
Gain one electron Aaly (g A0 S,
Gain two electrons Oy RSN Sy

Lose two electrons Crig RSN ady

lose two electrons

O O O O



electron configuration of phosphorus atom is: 1s°2s22p%3s23p?

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

what is the electron configuration of P~ 2

1s22s22p83s?
1s22s22p%3s23p®

1s%2s?2p%3s23p*4S*

1s22s22p53s%3p3

1522s22p©3s23p? 1 a skl 5,4 IALY) A
¢ P37 siboigdl) Ga O g8 Qg SN 3 skl B3 i Laic

¢ PV s (i UYL

O O O O




The electron configuration of sodium atom Ma is: 18*28*2p3s?! 1572872p%38" : g8 N ap3peall 31 3y S0 Cao 3l

What is the cormrect electron configuration of sodium ion Na*7? « Na” L.Jj:ﬂ o il g_..-\_uﬁf}” t_—lgl:'l_ﬂl La

Learning Outcomes Covered

CHM.5.1.01.004
CHM.5.1.01.008
CHM.5.1.01.009
CHM.5.1.01.011
CHM.5.1.01.013
CHM.5.1.01.014
CHM.5.1.02.002
CHM.5.1.02.003
CHM.5.1.02.007
CHM.5.1.02.022

00O 049 9 0 o0 0 0 0

-
¥ ]
a. g H
¥ ]
: 1s22522p¢ .
: ;
b.
18'2s™2p®3s”
[ -8
1822g%2p?
d.
1s22s22p53a?3pd




Using the orbital notation of sulfur atom shown below, coly

how does sulfur atom forms an ion?

T4 (T4 (NI T8 (R ([ TT

e it oo,
1s 2s 2p 3s 3p

sl Tl IV e B AP P

Loses two electrons

Sains one electron

Loses four electrons



CHM.5.1.02.022.07 Use the electron configuratin and Lewis diagram (electron-dot structure) to explain how elements from the periodic groups combine to form an ionic | | 40,41,42

compound and illstrate the electrons transfer Textbook + table 4 + Applications

The electrostatic force that
holds oppositely charged Table 4 Formation of Sodium Chloride

particles together in an ionic Chemical Equation
[ ioni Na+Cl—Na* +Cl- +

Compound is called an ionic a + energy

bond T

DOne electron is transferred.

[Nelmps——) (Nel + [Afl + energy
Se——— S 7 e

;V_‘
Na d Na* cl-

eCompounds that contain Orbital Notation

ionic bonds are called ionic

One electron is transferred,

compounds. P T o e

. . [ [EE 0 + Y feE 06 Eeye] -
eBinary ionic compounds Js2s 2 3, Js2s 3 3p
contain only two different Na a e SRS
elements—a metallic cation + [ + energy
and a nonmetallic anion. B = ? B I = 3 .

Electron-Dot Structures
One 2lectron is ransferred,
Na@-ﬂ: —» [Nal™ + [:Cl:]"+ energy




Page 42

Guugaol|)
asiljloV

Use the electron-dot structure to explain how elements from the periodic groups combine to form an ionic compound

el o S ol S il B gt il K i e i

"6'.

Explain how an ionic compound forms from these elements.

7. sodium and nitrogen 9. strontium and fluorine
8. lithium and oxygen 10. aluminum and sulfur

11. Challenge Explain how elements Group 15
in the two groups shown on the =—Group 1 | -
periodic table at the right combine -] s
to form an ionic compound.

4




11. Challenge Explain how elements in the two
groups shown on the periodic table at the right
combine to form an ionic compound.

Group 15
F—Group 1 | M

Three group 1 atoms loses 1 e—, forming 1+ ions.
One group 15 atom gains 3 e—, forming a 3— ion.
The ions attract, forming X5Y, where X represents a
group 1 atom and Y represents a group 15 atom.




Page 44,45

Explain the structure and properties of ionic compounds based on their bonds types, strength and organization

Wi g WS iy A1 Bl e deai i A ) il g g S i

Properties of ionic compounds

el T

Physical Structure Physical Properties
Chioride /?p:i; u'f",’ = The strong attractions 1. Melting point.
ions (CT") SN LS iti oy .

sotmons < P B3 AMCHEERE pasisive and 2. Boiling point.

(Na®) N A negative ions result in the

formation of the crystal 3. Hardness.
lattice. 4. Electrical

= Acrystal lattice is the conductivity.
three-dimensional

geometric arrangement of
particles.




UNITED ABAE EMINATES
MINISTRY OF FDAUCA

Physical Properties

Properties of ionic compounds

1. Melting point : lonic compounds |
2. Boiling point : lonic compounds have |
3. Hardness : Generally Har
4. Electrical conductivity: Good concdui
(Note: Solids do not conduct electncnty)

5. Many ionic crystals have brilliant colors. These colors are
due to the presence of Transition elements on their Crystal

lattice.

£E
11

eIn a solid, ions are
locked into position
and electrons cannot
flow freely. Solids are
poor conductors.

eLiquid ions or ions in
aqueous solution
have electrons that
are free to move, so
they conduct
electricity easily.

An ionic solution whose aqueous solution conducts electricity is called Electrolyte



Why ionic crystals vary in shape

as shown by the minerals in the figure below?

Learning Outcomes Covered

¢ CHM.5.1.0

Because there is no charged particles available

Because attractive forces are available

Because the colors and texture of the ions bonded

! g8 B

Aol gl lr e ealdlls e

‘-t
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Question 12

: ; : T ¢ oliygSl Bilian cuage Alilud) Alally Jolaall 8 Axiel) Ll el 1ilal
Why Ionic compounds in solution and in the liquid state #Y Bjias el Aacly @ Aol Glsall s b

are excellent conductors of electricity?

Because attractive forces available Aladll dal) (g8 368 s O
Because motion of charged particles are locked Ggadiall Cliiall ASsa 28 e O
Because no charged particles available Aigade ciliija B9 ate Cane O
Because freely moving charged particles Agadiall Cliiall S5l Ao ja s O
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CHM.5.1.02.022.15 Describe the relationship between lattice energy and the charge of ions
CHM.5.1.02.022.16 Descirbe the relationship between lattice energy and the ionic size of ions

Textbook + table 6

46,47

Energy and the lonic Bond

eReactions that absorb energy are endothermic. Reactions that release energy are exothermic

The energy required to separate 1 mol of an ionic compound into ions is called the lattice energy

eLattice energy is directly related to the size of the ions that are bonded and also charge

of the ion.

eSmall ions-greater lattice energy

eHigh charge-Greater lattice energy

Compound

Lattice energy of MgO greater
than NaF because charge of KBr

Mg2* is greater than Na* ';bT

NaBr
NaCl

632
671
774
682
732
769

Table 6 Lattice Energies of
Some lonic Compounds

Lattice Energy
(k/mo

KF
AgCl
NaF
LiF
SrCl,
MgO

Lattice Energy

(kJ/mol)

808
910
910
1030
2142
3795




What is the main reason for the difference in the values of lattice A Gl A4 dila Al Dlal A el sl L

energy between the ionic compounds shown in the table below? € sbial Jpaally dasagall
Lattice Energya<.all a5l Sl
(limel) Compound
2142 SrCh
910 AgCl
1 2
H He
3 Bl 5 6 7 8 9 10
u Be 8 C N o F Ne
1 12 13 14 15 16 17 18
Na | Mg Al Si P S Ar
T 3 § .5 1 ) 1 8 Ll T T T
e i e ik o e i o e e
©
a.}
:
. The charge of the ions
:
"
L
B v o o w————— B W W W W W W W R R S R - —————
b.
The ionic radius
C.
The ions’ electronegativity
d. |
The distance between the ions




Page 53,54

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

Sl paaie Sl g 5 Al el Clipl B g s il o gl Adlaest]l dasal 5

eMonoatomic ions are one-atom

. FORMULA FOR AN IONIC COMPOUND Determine the formula for
lons. the ionic compound formed from potassium and oxygen.

eOxidation number, or oxidation
state, is the charge of a monatomic
ion.

ePolyatomic ions are ions made up
of more than one atom.

FORMULA FOR AN IONIC COMPOUND Determine the formula
for the compound formed from aluminum ions and sulfide ions.



 APPLICATIONS

Write formulas for the ionic compounds formed by the following ions.

19. potassium and iodide 21. aluminum and bromide

20. magnesium and chloride 22, cesium and nitride

23. Challenge Write the general formula Group 17
for the ionic compound formed by %_Gmup .
elements from the two groups shown =

on the periodic table at the right.

i



NH,*
NO,~
NO;~
OH™
CN—
MnO,~
HCO;~
Clo~
Cloy~
Clo;~
Cl04~
BrO5;~
105~

Table 9 Common Polyatomic lons

Name lon
ammonium | 104~
nitrite CoH30,™
nitrate HPO,~
hydroxide C04%
cyanide S0,;%~
permanganate S042
hydrogen carbonate S$,03%~
hypochlorite 0,2
chlorite | CrO42-
chlorate Cr 072~
perchlorate HPO42~
bromate PO4*~
iodate AsO4>~

Name
periodate
acetate
dihydrogen phosphate
carbonate
sulfite
sulfate
thiosulfate
peroxide
chromate
dichromate
hydrogen phosphate
phosphate

arsenate

Table 10 Oxyanion Naming Conventions
for Sulfur and Nitrogen

* |dentify the ion with the greatest number of oxygen atoms. This ion is named
using the root of the nonmetal and the suffix -ate.

* dentify the ion with fewer oxygen atoms. This ion is named using the root of the
nonmetal and the suffx -ite.
Examples: NO;~ N0, 05 S0,
nitrate  nitrite sulfate  sulfite




APPLICATIONS

Write formulas for ionic compounds composed of the following ions.

24. sodium and nitrate
25. calcium and chlorate
26. aluminum and carbonate

27. Challenge Write the formula for an ionic compound formed by ions from a group 2
element and polyatomic ions composed of only carbon and oxygen.

27. Challenge Write the formula for an ionic
compound formed by ions from a group 2
element and polyatomic ions composed of only
of carbon and oxygen.

The polyatomic ion is carbonate (C032-).

The general formula is XCO5, where X is the
symbol of a group 2 element.



APPLICATIONS

Name the following compounds.

33. Challenge The ionic compound NH,CIO, is

2:: g:g,rz key reactant used in solid rocket boosters, such
30. KOH as those that power the space shuttle into orbit.
31. Cu(NOs), Name this compound.

32. Ag,Cr0,

ammonium perchlorate

33. Challenge The ionic compound NH4CIO4 is a key reactant used in
solid rocket boosters, such as those that power the Space Shuttle into
orbit. Name this compound.

28. NaBr

sodium bromide

29. CaCl,

calcium chloride

30. KOH
potassium hydroxide
31. Cu(NOy),

copper(ll) nitrate

32. Ag,CrO,

silver chromate




Question 11

A\

Guujapl|

What is the formula for a compound formed by

aluminum ions, Al**, and the phosphate ion, PO, ?

Al P00y
Al POy
Al POy

Al(POy)

Cra O3 S dia L

¢ PO, Sl O galy AT 25l & gl

O O O O
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Qu EStiO n 13 ol

YWhich of the following names does NOT match the $aalal Agaal) Adlaassl! Adseall 2 Gl Y ol s awid I'-Fi
chemical formula written in front of it?

Sodium hydroxide NaOH NaOH 30 pall 208 5 j0ua O
Ammonium sulfide (NH4):S (NH;);S a3 gt 2y i€ O
Calcium chloride CaCl; CaCl, gl 2y 518 O
Sodium bromide = NaBrO; NaBrO;  ppdgall 2y @)




What is the general formula for the ionic compound formed by Ofoganall palis (e oS 5 ‘;s,ﬁl Call Lulell drsiall e

elements from the two groups shown on the periodic table below? falal gyl Jpoall 3 (yiniiagdl
17 deganall
Group 17 <
X: represent element in Group 2 - 2 dcganall -
f to! 2 degunally paic By :X

Y: represent element in Group 17

XY



What is the correct formula for the compound chmmium(lll} oxide? ¢ (III} ag &) daS] € el Fmn ol ieall Le

Learning Outcomes Covered

CHM.5.1.01.004
CHM.5.1.01.008
CHM.5.1.01.009
CHM.5.1.01.011
CHM.5.1.01.013
CHM.5.1.01.014
CHM.5.1.02.002
CHM.5.1.02.003
CHM.5.1.02.007
CHM.5.1.02.022

9 0 0 0 0 0 0 0 0 o0

a.
Cr.0,
b.
Cr;0,
B L e L L e L L L L e L L L L L L L Ll L 1
] n
C. ! :
: Cr;0 '
8 i
1 ]
[l n
B o o o T - - o
d.




Which of the following is the correct electron configuration raial meaall S g angll L Lee ,__gi
of an element in group 2, and the fourth period? Syl 53531 s ¢ 2 A N s

Learning Outcomes Covered

e CHM.5.1.01.008

[He]2s2 2p2
b.
[Ne]3s? 3p?
[Ar]4s>
d.

[Ar]ds? 3d?



Which of the following is the correct match el A maaa Bl 2 b les ‘_5i

between the compound’s name and the chemical formula aslal Zsa€all Adbiesl Aisall xe

written in front of it?

Learning Outcomes Covered

CHM.5.1.01.004
CHM.5.1.01.008
CHM.5.1.01.009
CHM.5.1.01.011
CHM.5.1.01.013
CHM.5.1.01.014
CHM.5.1.02.002
CHM.5.1.02.003
CHM.5.1.02.007
CHM.5.1.02.022

0 00 00 0O0O0O0O0

v

P

Calcium sulfate CaSO, CaSO, ..t c¢ S

C.

‘Alummum sulfide (NH4):S (NH,),S N1 . <







