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Chapter 1

dalall LﬁJM‘ s il

After studying this chapter, student will be able to:

Identify development in the atomic concept.
Understand the modern atomic theory.
Write down the electron configuration.
Identify Lewis order of elements.
Understanding properties of periodic table.
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Atomic Structure for Matter Balall 5 M) S

1-1 Introduction dasial)

In the previous Study of chemistry. We have learned that all substances in the
universe consist of tiny particles which from the basic unit of this substances.
This particles are called atoms. In Latin (atom) means indivisible. Interpretation
of atomic Structure in the past two centuries went through several theories. In
this chapter, we will study how theories of atomic structure have evolved.
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1-2 Evolution of the concept of the atomic structure: @A) slUd) aggda gl

Scientists proposed various models to account for the structure of the atom.
Each model was the best representative at that time, then after many
observations and experiments. This model has evolved to become more
scientifically acceptable. Now we will chronologically review models.
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1-2-1 Dalton's Model: Gl 7 gad
Dalton’s Model At the beginning of the 19*" century. Dalton perceived
+Solid Sphere the atom as a hard indivisible sphere each element has a
Bowling nll specific kind of atoms. These atoms are connected

.proposeaby _through simple methods to form combined atoms.

John Dalton
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Figure 1-1
Dalton's Atomic Model
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1-2-2 Thomson's Model: Orgiba 9 77 gl

By the end of the 19" century. Thomson gave another
™. sphericalcloud  perception of the atom. (Since the discovered that
) ofpositvecharae  Stoms consist of smaller particles having negative charge
called electrons). In his opinion the atom is positively
Electron charged sphere on which negatively charged electrons
are attached to balance the charge therefore the atom

has neutral charge.

Figure 1-2
Thomson's Atomic Model
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1-2-3 Rutherford Model: il gl

After the discovery of the proton, Rutherford introduced his perception that:-

1. Protons are situated in a tiny area at the center of the atom called nucleus.

The nucleus which contains most of the mass of the atom.

3. The electrons circle around the nucleus therefore; most of the volume of the
atom is a void.

4. The number of negative electrons rotates around the nucleus balance the
positive charge of the protons.

5. These electrons rotate around the nucleus in various orbits with varying distance
from the nucleus as is the case of plant rotating around the sun.

6. Therefore this model is called the planetary astral model.
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Nucleus

- *, Electron

Figure 1-3
Rutherford's Atomic Model
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Q / Why Rutherford’s theory failed?

A/

NO.1 Assumption:

Assuming that negative electrons are static ,will be drawn to (magnetized) to the
nucleus with the positive charge ,therefore these electrons must be in constant
motion.

NO.2 Assumption :

Give that moving electric charge which is under gravitation force releases
energy, so there must be loss in the energy the moving electron which would
eventually slow down electron would move around in a circular motion and
finally falls into the nucleus.

In both Assumption, the atom must collapse and considering that the atoms
don't usually collapse, so there must be something wrong in Rutherford's atomic
model.
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1-3-1 Bohr's Model: S magal

Q / what is Bohr's concept of atomic construction?

A / The Danish scientist Bohr proposed in (1913) that electron rotate around the
nucleus in a fixed and energy levels , each energy level has a distinctive number
describing its energy, this number is called principle quantum number.

*

» An electron in the first energy level has a principle quantum number of 1.
* While the electron in the second energy level has a principle quantum number of 2.
* The farther from the nucleus the more the level of energy, for example first
energy level is less than the second and so forth.
¢ An electron may travel within energy levels through gaining or losing energy.
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Figure 1-4 . w.ay

Bohr's Atomic Model ABal) (o gisa ()9S Diad 315l (e ) Baly S (o siasal) ABUa 3 g o
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Exercise 1-1:

Which one of followings has high energy level?
?&Q’MJ&& éwﬂém\m&‘\s Lf‘

. First energy level .
Second energy level .
Third energy level .

. Forth energy level .

OO0 WP

Answer /D
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Q / Explain the reason Bohr's failed?

Bohr's model was based on hydrogen atom which is the simplest atomic
structure because contains one proton and one electron. Yet this model failed to
explain for some natural phenomena of other elements containing more
electrons.
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e Many scientists worked hard to lay down scientific foundations of the modern
atomic theory. Whereby developed the quantum theory which stipulates : That
the electron might exist in a particular space surrounding the nucleus and not in
specific dimensions as stated by Bohr this space is called Orbital, this atomic
orbital has different shapes and sizes .
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Orbital : the electronic cloud surrounding the nucleus . As in Figure 1-5
Or it’s a particular space surrounding the nucleus that the electron might exist
in it.
2295 B A 81 gL Jaat Ama Aabiaa L) i, 51 gl Amaaal) g SSY) Dlaaad) 5 : gl oY)
L 252 90 QgAY (Al B gilly aay aaaa G L) o) | (g RS L

Figure 1-5
One of orbital shape (orbital cloud )
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Q / What are the hypotheses of modern atomic theory?

1. The atoms consist of a nucleus surrounded by electrons with varying levels of
energy.

2. Electrons rotate around the nucleus on a distance ( according to the size of
the atom ) in energy levels, these levels are represented by numbers called
principle quantum numbers, Positive integers with symbol (n) in addition to
this and as we have learned earlier , the nucleus at the center of the atom and
consist of the protons and neutrons .

¢ djaad) 45,4 4y i) ciluda B A L [
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1-4 Energy Level: d3UaY) il glaa

We have learned earlier that electrons rotating continuously around the nucleus
on different orbits with different energy whereby they rotate in a different
distance the more the energy of the electron the further, it rotates around the
nucleus. The express the different energy levels of electrons, scientists used
number called secondary quantum numbers which describe fairly. All features of
the orbital as well as those the electrons in these orbital.
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Exercise 1-2:
What is the electron cloud ? 4 gAY Alad) a ggda gala

A / Is the area around the nucleus and the electron is might to exist in it.
g g AV 2 ga g Jaling g 815l Adaiaal) Alkaial) A
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1-4-1 Primary energy level: sy ) A8UY) i glsa

These levels are expressed by the principle quantum number (n) it holds a
positive value equals 1,2,3,4,5,6,7,....... Each indicates a particular energy level
the greatest n has highest the energy (n) cannot be zero at all .

This concept is illustrated in table 1-1:

k L M N @) P Q Principle quantum number (smsti ) aSl) 2ae
1 2 3 4 5 6 7 Value of n n ad

Table 1-1

The higher the (n) value the further the distance of the electron from the nucleus
and consequently having more energy i.e. the nearest of these levels to the
nucleus is n=1 has the lowest energy level while n=7 has highest energy level .
The farthest from the nucleus and less attached to the nucleus therefore it is
easy to be removed ( given away ) see figure 1-6 .

(5.9l A 50 Aagaua Lah 385 () Sl 4 Ja g (i) aSll dany il ghsall 028 (8 g
(n) 385 ¥ a8,0 138 Baby3s 923y Gt Al (g sl o Lgda DS J09 1,2,3,4,5,6,7,......
g Lgd ALiBal) dpeasd ) aSl) 2030 g At 1) ABUY) il glsa el (San g ) ieal) Aad

S 31531 e 05 S L da Al ABlocal) CuilS B S ) Aad cullS LalS Jgaad) b LaS a8 i

&e bl (n=7) ols Wl (n=1) 5158 B il oda G 0 (o , Al cualj il g
L AS)A88 e Laa 316300 Jalys ) Let8) g d3Ua Wy Ji<) 5) gl

¢ Principle quantum numbers (n) : a Positive integer with symbol (n) represents
the energy of each level of the main energy .

N\ 7=
o | =n
3 .......... 6=n
©
e .......... 5=n
(¥
S| . 4=n
5 .......... 3=n
S
a:J .......... 2=n
Wl 1=n Figure 1-6

When value of n increases the energy level increases
s Siasal) B ) (n) dagd @) Lals
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+* Energy Levels :

* Atoms have 7 energy levels .
* The levels are K (closest to the nucleus) L,M,N,O,P,Q (furthest from nucleus)
* The K level can only hold 2 electrons .

* The level L= Q can hold 8 electrons ( octet rule ).

1-4-2 Secondary energy level: g 3l dBUal) il glsa

Primary energy level (K,L,M,N,.....) have secondary energy level (s,p,d and f)
these levels differ in terms of shape and number of electrons .

g Al L e 4y sl Al iy glasa (Ao (K, LM, N,....) A ) ABUY) iy giasa (g gt
L Lpiad Al clig A< aie g JSAN 4all (e La gad @il giall 038 CilidS g (s,p,d |, f)

Orbital (S) has a spherical shape . Figure 1-7
98 JSE A (S )t sY)

&

Figure 1-7

As for the second level (P) it has three orbitals and each orbital consists of two
equivalent sides distributed in three vertical direction (Pz, Py, Px) as illustrated
in figure 1-8

EILAN B ds ) ga (piblia (b (e (9Sa JUin gl JS 5 ULy gl EDIE AL (p) (5 L (5 ghusal) Ll
8 -1 JS&l) b ruaga sa S (Pz, Py, Px) W e dalaia cilalad) &l
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Y Y Y
A A
X » X > X
s Z
2p. 2p, 2p,
Figure 1-8

primary energy levels have secondary energy levels as following :
;L) Cpana LaS Ay gSll) ABUaY) iy glena Ao dpai pl) ABUAY) iy gl (5 g
1) Primary level K (n=1) has only one secondary level type S
S g5l (e daly 58 (g gl Ao (N=1) K (ool (5 ghnall (5 giny
2) Primary level L (n=2) has two secondary levels P and S
S,P £ (pa sl Glisicia o (n=2) L i ) 5 gieall (5 ging
3) Primary level M (n=3) has three secondary levelsS, P, d
S,P,d 5 (e el iy gina ADE o (n=3) M i) (s sinnall (5 iy
4) Primary level N (n=4) has four secondary levelsS,P,d, f

S,P,d,f £ (e 45l siea Aa ) (Ao (n=4) N (eusi N s siuall 6 5y

4f

T 4d

(N) n=4 ] 4p

— 4s

— 3d

(M) n=3 —— 3p

3s

(L) n=2 2p
2s Secondary energy levels

(K) n=1 1s

Figure 1-9

Primary energy levels
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+* To determine the secondary level of any of the primary levels in symbols
(n) value is written from the primary level the letter assigned to the
secondary level. For example the symbol of secondary level is written by
indicating the number of the primary level before the secondary level, so
it become (2S) . And the secondary level (d) of the primary level (4d) and
so forth. figure 1-9.

n dad iS4 ja ) ARy ey Ay 1) il geal) (o (s i (6T a5 I (g ghnal) aaily o

Ay QIS JUal Jua Axd (5 i (g glnall (anadall cial) A ol (g gal) (A

25 0S8 il siwall JE i) ssiwal) a8y g S sl (5 gieall
1382 5 4d @I (i (s gianall o d (5 ST (5 sl g

1-4-3 Number of Orbital and Electrons in Secondary Levels:
4 i) b gleal) B il g K g U oY) dae
Secondary levels have many different orbitals indicated by |:| as follows:

LaS g W S Of (S (Al Adlal) CU ) oY) o de gana o 4 gl iy glasal) (5 gia
- ol.'mic?b}a

Secondary level S has 1 orbital |:|

Secondary level Phas3orbital [ | T ]
Secondary level dhas5orbital | | | | | |

Secondarylevel fhas7orbital | | | | | | | |

An orbital has as much as two electrons only, but an orbital can have electron
or empty .

SIS ) Gan (A Il ¥ iging 2B (Sl g el aaS Jah 0y g S aa) o) Ol 6 oy
L8R OsSs g) Al

Secondary level filled as follows :

S maximum hold up 2 electrons
P maximum hold up 6 electrons
d maximum hold up 10 electrons
f maximum hold up 14 electrons
11
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¢ Electrons are supposed to repel each other in an orbital because they have the
same negative charge.

dadl) Gl odlasy LY AA\JJU*JJ‘@MJJAJ&JIA@QUJJNY\Jﬁwu\ o idall (sa
Al

Q/ Give the reason :
There is no electronic repel in same orbital?

A/ When two electrons are coupled in one orbital 1l one would spin clockwise 1
and the other would spin anticlockwise | i.e... they cancel repulsion in this way
(Figure 1-10A).

Lal doluad) e (1599 slaily 0 5aa 9 p i gen Ladaal (U8 JUi gl (B (g ASY) ) 5a)) aie
Aelud) e O 93 (uSe dapn eSE AY)
oL Bl Ab Lea AY) uSe am Ciiga Ladaa) () 6

* Each two spins around itself at the same time as it spins around the nucleus

b Busaa des aum Gt U8
LBl Joa dgd ) a (gAl) B gl) (pud

Figure 1-10 A
Turn the Same orbital and own axis of electron

m m aa o) Jlim ¥ o Lagusaa Jsa G g RS ol ) 9

Figure 1-10 B
Turn of electron around of nucleus
3153 g Qg ASW o )9
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1-5 Electron Configuration: o 9 RS s )

Various elements have different numbers of electrons. These electrons are
Configuration around the nucleus in the atom . This order is called the electron
configuration whereby the electrons are ordered in the atoms in such a way that
the total energy is at the minimum . And the following rules are considered when
electron are order in levels.

o B eil Jon cilig SV ol S yiig clig S A ddlida dae] o ddlidal) pualial) (g giad
4 AT Gald g Sl il pale JS @) cheali M g SN il a9 8
v 4N s g8l g saleall &) h9 OSar La BB ASH dBUAN 0 9<0 Cuay BOA B il sty

il ghaal] o g AV Gt

1-5-1 Aufbau principle : b gl T

This Principle shows that secondary energy levels are filled with electrons
according to their energy level from the lowest to the highest , they follow this
order . Figure 1-11

A g e Ll say Caa il g SV S 4 I AU il gl O Ao Tasall 138 Laly

Y

P(n=6)

O (n=5)

N (n=4)

M (n=3)

L (n=2) \&

K(n=1) \®

Figure 1-11
Filling the Atomic orbital (Asilll ABUaY) il giena Juudeas)
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While writing the electron configuration for any atom the atomic number must
be known , whereby the number of electrons of the electrically balanced natural
atom must be equal to its atomic number. Commonly written at left down corner
side of the symbol.

BUA i g fSIY) aae ) G B A g 3N aa) 4D e can B3 (oY (A g RSIY) i AN AUS e
c rainll Jay ey Jiad B g (A Was gl ¢Sy Ll ¢S Alalaial)

Orbital 1S is filled first with electrons then 2S then 2P then 3S then 3P then 4S
then 3d and so forth .

1S 25 2P 3S 3P 45 3d 4P 55 4d 5P 6S 4f
N9 3d Al 4S a5 3P AS 2P A5 28 Al g SIYL Y 6l 1S JlisY) Sy s

Q / Give the reason of the overlap between secondary shells which belongs
to various primary shells ?

A / The higher the number of the primary shell . The higher the energy the
electrons and less distance between shells , therefore there is an overlap
between secondary shells which belong to various primary shells .

() Sy ABlaal) Culh g Ah B3 5o gal) i g SSIY) LBl il § () (o 1) DALY a3 ) 31 Lals
CARNI S Ay ABEY 3 gt ) Ay I ABEY) G JAIS Juany A1 Al

Keep in mind the number on the left of the symbol of the secondary energy level
indicates the primary quantum number (n). While the number on the upper of
symbol (S) represents the number of electrons in this level goes to all symbols .
Figure 1-12

Lalss () il oSl due dad iy (o ollil) ABUY) (5 gisa Jay Jas (A) giSall a0 o) alad) Gy
. s shal) 138 8 393 gall clig S dae I (S) Saud Cpan Ao aamd) Siay
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Number of electrons in secondary energy level (s)

351

Principle quantum number \

Secondary level of energy

Figure 1-12

1-5-2 Hund's Rule: Al ga dacld

This Rule shows that no two electrons are doubly occupied in the sub shell

(Secondary level) unless its orbitals are singly filled .

1318 AU ) o) Jadd o) ey ) (5 oSl ABUl) (g glesa (B (g S (i ) 90)) Gaa A e (el
Y

This rule applies to atoms whose electron configuration end with secondary
energy, level p,d,f two electron cannot occupy one orbital until after assigning

one electron to each orbital in the secondary energy level .

Eua p,d,f sl LBl il iy A9 ASIY) Lt 5 g AN il A B Bac ) oda addiiud
(s S N ol o Jli g JS (B tanl g Uig st audad ¢ ara W) aal g QUi ) (A Cig st el
] Lﬁym\ FERA|
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(n)z A3Mal) gk i ) (g giall gﬁ SN ) Y el oSy (1) dJasda
n=1 = oY il ssicall o
(H*=1 13
)y o sbun J oY) (il (5 gheaal) CLy gl 222
n=2 -: gjl.'“d\ i ) g sl 0
27 =4 O T
ey ) f @J\ B A i ) (5 gasall Ny gl 2 .
n=3 -Gl el il o
(3)2=9|:|||||||||||

VUL of ot ga CBl i ) (5 glsall CNLy 9l 230

2(n)? Bl Gubily i) 6 el iy Al 20 Glua (1S4 1 (2) Al
@ n=1 = JsY il (o gl clig st dac o
2(1)2=2 [1]
B nz=2 = SO il gl clig it ae o
2(2)2 =8 [
@ n=3 = G i) s giaal) cilig iSli aae 0

23)2=18 [ [ulw] [OLulwul]
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Exercise 1-3:

el SJI

Chemistrvy

A- What is the number of orbitals in the first and third primary energy levels ?

B- What is the number of electrons of second and third primary energy levels ?

A- Number of Orbitals

B- Number of Electrons

(n)? 4Bl aadics

2(n)? Bl aadius

Jo¥) ssiwalin =1 Jo¥) st n=1
(D?=1 ] 2(1)% =2 m|
S g giwall n =3 n=3
(3)?=9 2(3)2 =18
s o] d s p d

M mm

2

1

MMEMMmm

1 F

18
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Example 1-1:
Write the electron configuration for the following subshells?

: A A g ol gianall (s S (A gAY ) i
p3,d5 ,f6 ;fll ,d7 ’p5

Solution:

p>  [1]

> [ 1]

g Al |

i1 [ OOATTTT]

da’ [ujj1]1]

p> [ 1]

Exercise 1-4:

Write the electron configuration for the following subshells? p?,d®,p>,d3

Example 1-2:
Write the electron configuration for the following elements?

DAY jualial) cpa JSI (S g ASIY i A i)

4Be ,;Li,,He,  H

Solution :
Elements Electron Configuration
1H 151
,He 15*
sLi 152 2st
4Be 152 252
18
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Example 1-3:

Write the electron configuration and order of electrons in the outer most energy
level for each of the following elements :

salind) Cra paic JShg 3 ABUAY (g ghaall A el AV i 5 G (S ASIY) st Al S

15P, 134l,1,Mg , 40, oNe, 5B

Solution :
Elements
sB 152
10Ne 152
g0 152
12Mg 152
1341 152
15P 152
Example 1-4:

252

252
252
252
252
252

p 4y
Electron Order Outer most energy level
2p1 252 2p1
2P6 252 2pS
2pP* 252 2p%
2P% 32 352
2P% 352 3p1 3s2 3p1
2P% 3s% 3p3 352 3p3

Write the electron configuration of Sodium. Atom sNa then indicate the gradual
energy according to the primary energy level:

uNa 152 2s8% 2p¢ 351

N 38 3P

3 I R

<))

= 28 2P

z | [l [(lu]n]

o

5 1S

07704370050 :LoL ,.
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Exercise 1-6:

Write the electron configuration for the following atoms then indicate the
gradual energy according to the primary energy levels? P, 3Li

D5hnadll dpcni ) ABUal) il glsa Gua ABUAY) B g jail) Uisa ol JAN 3 g S Gl ) s
3Li ?Jm‘~5 15P

5P 15> 25? 2P 3s5% 3pP3
A
3S 3P 3d
] O [CLTT 1]
[
2| 2 2P
s| ]  [olu]n]
o 1§

5Li 152 28!
A 2S 2P
= | [ [T 11
g
£
% | 1S
g | 0y

Exercise 1-7 :

Write the electron configuration for the following atoms then indicate the
gradual energy according to the primary energy levels: 34l , g0

20
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Example 1-5:

Write the electron configuration of chlorine ;,Cl then indicate the order of
secondary energy levels from lowest to the highest :

JBY) (e AUl A Lga i a4 ilAY) ABUY) iy ga (oSl B A g Y i 1) s

P
Solution :
17Cl 152 28% 2p° 3s2 3p>
A

% 3p [Iu1]

a

E 3S|E|

> | 2P (LA

a | 25 [11]

L

1s [

Example 1-6 :

State the number of electrons in each primary energy level around the nucleus :
sB , 10Ne, 12Mg

o paliall 31 i) g ABUY) (pa paa ) (5 gna JS (B g ASY) aae S

Solution :

sB 15% 2s5% 2p!
First primary energy level n =1 contains 2 Electrons .

COssli 2 o ssiagn =1 JaY) o) (s shal)
second primary energy level n = 2 contains 3 Electrons.

L lig sl 3 e s giag n =2 ) el 5 ssall

21
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oNe 15% 282 2ps
First primary energy level n =1 contains 2 Electrons .

second primary energy level n = 2 contains 8 Electrons .

Mg 1S5* 28% 2p6 35?2

First primary energy level n =1 contains 2 Electrons .
second primary energy level n = 2 contains 8 Electrons .
Third primary energy level n =3 contains 2 electrons.

Exercise 1-8 :
What is the number of electrons in each primary energy level for these
elements: ,He , -N

1-6_Lewis Order ( Lewis Symbol ): (oas! 7)) pumgd i
Lewis symbol depends of the number of electrons on the last shell ( external
energy level ) which is called valence shell .

S g (A ABlal) (g ginsa) pAY) AN A Basa gall Cilig A de o gl e dainy
bl ey S

Lewis Symbol :- Electrons of the outer shell of the atom are ordered in a symbolic
way written by dots .

bm&ﬁ&thﬂ@AM\SJM@J&\JM\@ QU}J&Y\;.GJS

As Follows :-
The Symbol of the chemical elements is written surrounded by dots , each
dot represents one electron two close dots represent a pair of electrons.

These dots are distributed in four directions in such a way that it has two
dots on the right and two on the left , two dots above and two dots below,
as illustrated ( Figure 1-13 ) the order of some elements in the periodic table .

oo
o o
o Symbol g
oo
Figure 1-13

22
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(5 sbaia (il S Jiatg a0y g S A IS Jial ol Blaa (,ibaall yuaial) ey IS5
dapnall day ) cilgal) B dga JS (B Lase 35N Cuay LI o3 ajs8 sy, LSt )
ol G ol i 5 a9 (13-1) JSAN | o by (uilali g Ja ) ey () (pilal e G L

- o) Jpaal) B ualinl)

Example 1-7 :
Write Lewis symbol for the following : {H , :B , {(Ne, 1,Mg, 1451

Solution :
Element Element Order Electron in outer| Lewis Symbol
energy level
H 151 1 )
H
=B 152 25? 2P 3 5
10Ne 152 285% 2p¢ 8
-Ne:
12Mg | 18* 2S5? 2P° 3S? 2 . Mg.
1451 15% 28%* 2P% 35% 3p? 4 si.
Exercise 1-9 :

Write Lewis symbol for the following element : ,,Ca , 1gAr , 134l, 1S

Solution :
Element Element Order Electron in outer Lewis Symbol
energy level
,0Ca | 18* 2S8% 2P° 3S? 3P° 4S§? 2 Ca
18Ar | 18* 28%* 2p% 3s* 3p° 8 o A
134l | 18% 25?2 2p° 35 3p! 3 Al
165 | 15% 28?2 2p° 35? 3pt 6 g -

23
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Example 1-8 :
An atom the electron of which are ordered as follow : 15% 252 2p*

DAY i g S L A e uais 3,0

1) What is the total number of electron in this atom ?
¢ B A el B g S dxe La

2) What is the atomic number ?
¢ M (5‘)33\ Qad) R La

3) How many levels of secondary energy level filled with electrons ?
¢ il g iSIVL 35 slaal) Ay gilal) ABUal) il gilesa La

4) What is the number of single electrons ?
$4a 9o jall y g <Y dae La

5) Write Lewis symbol for this atom ?
8N odgd gl Jay S|

Solution :

1) The number of electron = 8

2) The atomic number = 8 because it equal to the number of electrons.
il g S aae (5 gl AV 8 = uaiall 5 )Ml) )

3) The secondary level 1S and 2S are occupied by electrons as for 2P it is not

filled , so the number of secondary levels filled with electrons in only two.

B slaa 1€ 2P (gimall Laf cilig SV B slaa 28 (o LN (o giuall g 1S 5 S (5 giuall
1S 2S L2 = Glig SN Be glaal) Ay il il glesall dae SUA il oSS

[0] [

4) It is noted that the number of unpaired electrons are two only.

2P 2 = 494l p 2P B cilig Sy aae
KK
X
5) Lewis symbol : O Symbol ©
00

24
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Exercise 1-10:
If atomic number of an elementis 6:

1) Write its electrons configuration

2) How many levels of secondary energy level filled with electrons ?
3) What is then number of single electrons ?

4) Write Lewis symbol for this atom ?

. hg)ﬂ‘ 2 pals
A A A i Al sl (1
. il g AL B glaal) 4 il ABUAY) cily e 238 La (2
A da gajall e cligastase L (3
L BuA odgd gl ey ST (4

Solution :

1- 152 252 2p?

2- The secondary level 1S and 2S are occupied by electrons . So the number of
secondary levels filled with electron=2.

e 2Pitis not filled 1S 2S

(] [y

2P
3- It is noted that the number of unpaired electrons = 2 EED

4- Lewis Symbol :

O Symbol ©

25
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Periodic Table @) Jgaad)

e The periodic table is considered the most important tool for those
who study chemistry, it is useful in predicting and understanding
properties of elements .

e Once you know the physical and chemical properties of an element
, you can predict to a large extent the properties of other elements
in the same group or period . ( Figure 1-14)

ad g5 Baamiall pi) g3 s Cpa g slaassl) ale il Smehi $o9 Jsaad) sy @
. saliall (al i agh g

o CliSayd st g 5a) b paind Ll 5 Al 5AY Gal gAY cuale 13 Siad
498 ol A5 (b o ) sualinll () 63 rmua g S 2 ) sl

(1-14 Jsa)
1 18
IA 13 14 15 16 17 VIIA
IMA LA IVA VA VIA VIIA

3 4 5 6 7 8 9 10 11 12
IIiB IVvB VB VIBVIIB « VIIIB - IB IIB

Periodic Table

26
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1-8 Classification of elements in the periodic table according to electron configuration:

p eSSV L A e gy gal) Jgaal) (b jualiad) Ciial

e Electrons play an important part in determine physical and
chemical properties of an element, especially those electrons in
the outer energy level , known as Valence electrons ;
classification of elements in the periodic table depends on these
valence electrons ( Figure 1-15)

Aailiasslly Al sl el Al wasd B deaf ASY) pally clip ASW) agi e
Ledad Al A W) dBUal) il giaia A 3392 gal) Cilig iSIY) L guad g yuaiall
Clgash o gosal) Jeaadl B jualiadl Ciiial dalagy , gl cili sty

X tal

e Elements can be divided into four blocks according to the types of
the secondary level with which the electron configuration of the
elements ends with (s,p,d,f).

A il o) o P g gl podl lad Claant a i A ealiadl sl (Say @
. (s,p,d,f) raiadl F g A< i )

1-8-1 S - Block Elements :

They are elements on the far left of the periodic table including groups I A
and II A, whose electron configuration ends with S , except for Helium (He)
it is added to the noble elements at the far right . Group IA includes elements
whose last secondary energy level S , have one electron , for Group IIA it
includes elements whose last secondary energy level have two electrons .

: S de ganall pualic

G Ay TTA STA Ol adaiy ool Joaad) by bl B alli A1) jualial) Ay
2 ALdl) jualinl) aa gy G (He) assligd) 135 S (g oill) ABUl) (g gluay (A g S Lgti 5
S S £ (a AV (I gl (g ghna (5 93 (AN pualind) T A B el andaiy . (ppad) (sl
S AY) ol LBl 5 gl o ging Al jualind) auzid TTA 3 el Lal | aalg g Sl )

Oy AL e

27
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1S 1s
2S 2p
3S 3p
4S 3d 4p
5S 4d 5p
6S 5d 6p
7S 6d
af
5f
Figure 1-15
Block p 18
VIIIA
13 14 15 16 17
Block d IIA IVA VAVIAVIA

3 4 5 6 7 8 9 10
IIIB IvB VB VIBVIIB « VIIIB - IB 1IIB

Ti V Cr Mn Fe Co

22 | "zal ad | 28 |28 | |27

Zr Nb Mo Tc Ru Rh

40 41 a2 43 44 45

Hf Ta W Re Os Ir

72 73 74 75 76 77

Rf Db Sg Bh Hs Mt

104 105 106 107 109

Block f
Ce Pr Nd PmSm Eu Gd Tb Ho Er Tm Yb Lu

58 59 60 61 62 63 G4 65 6 67 68 69 70 71

Es Fm Md No Lr

92 93 94 95 96 97 98 99 100 101 102 103 |

Th Pa U Np Pu Am Cm Bk

= 10] 91

28
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1-8-2 P - Block Elements :

These elements are located on the right side of the periodic table .
See figure (1-15) whose electron configuration ends with P and include six
groups, the first five of which are (III A,IVA, VA, VIA, VIIA).

And the last group on the far right of the periodic table (Group VIIIA or
group zero) it called the noble gases group.

Q/ define represented elements?

A/ Elements partly filled with electrons at the secondary shells partially filled
S and P , and noble elements are called ( represented elements ) other
names are use for other groups like alkaline metals (IA) as for group (IIA) it is
called alkaline earth metals, (VIIA ) arw called halogens .

: P s gaaal) jalic

S (5 sinnally (i S L 5 (4 (5L gl dgadl Cas (o @ A palind) (2
(A, IVA, VA, VIA, VIIA) o Wia ¥ Guadll | a5 i Jadiy P

8a) (paniid (L B a3l o) VITIA a3 ) 592l Joaad) (aay uall &85 8 AN 5 40301 9
ALl palind)

5pajdlliSy P g S Aygilal) ALY B iy SN L Adlian (685 AN puabind) e
Al yualiad) et (M\ J.«AL'\&J\)

<l 318N (TA) Bl pmalis pand Cun paliall ja) pary Ao o A Ara ciliand (3lki Las
(VIIA) 5030 salis 5, 45181 4 5Y) <l 318 cand (TTA) 8030 salic Lol 4y 1al

Sl sl

1-8-3 d - Block Elements :

These are metal elements whose electron configuration ends with S and d,
they are called Transition Elements or B — block elements , at the center of
the periodic table .

: d de sanall jalic

s3a e (3llayg (d ) S) Ot o simnalls Lgd (s XY a1 gy A3l ualic
c§oo) Joaad) oy A alig B s ganall palic ol AN jualially jualial)

Q/ what is the name given to the elements of the first group?

29
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1-8-4 f - Block Elements :

These elements are located at the bottom of the periodic table whose
electron configuration ends with f, and called the inner transition elements,
including 14 groups belonging to sixth and seventh periods .

f de ganall jalic

f oSl (s sinally (g ASIYY Lgaii 5 4 g (5093l Jgaad) Jaud (8 Araalal) jualial) a9
 Arglad) g dcdbaad) oy gal) I alli g palic 14 andl g Adi)al ANELY) jualind) Lede ik g

1-9 Finding period and group number of any element in group A :

P A Ao ganall yais (o) L aly il 8 ya Mg B ygal) 48 2 dudis

To find number or period and group for group A, the following steps hold be
followed :

D A5y il ghdlly a gl A A panal) yualind 3 e 55 9all B ) 43 jaal
1- Write the electron configuration of the element .
SR PR s R |

2- The number of the period is the highest number of the n, with which the
electron configuration of the element ends .

paindl g A Gt Y Ay (il M) N il (s gall B Ao B gal) p ) Sy -2
3- The number of the group can be found as follows :

DY 8 a3 a8 M) San -3

a) If the electron configuration ends with S, thus the number of electrons in
this level is the number of the group .

6 Simuall 138 A 53 ga gall Clig SSIY) amd § (o oSl (5 glsally g S i 1) g0 1)) @
LBl a8 Jiay

30
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b)If the electron configuration ends with P, thus the number of
electrons at this level as well as the secondary level (S) in the primary
level which fills before it represents the number of the group. If the
total number of electron is 8 then it means that this element is in the
noble gases group. Except the last energy level of it end with S and
contain two electrons only.

1 B Sagagall clig <Yl amd P oo gl (o ghually gAY a4 V3o
ssiwall (aa S N s gluall B cpigagall Cpig A ) ABLAYL (s sl
O (A 13gh clig asli 8 £ sanall S 1Y), B el aly Jlay ALE padily oA oo )
OB agaligd) 1ae ALl pualinll 30 (A 9 Jia 3 a3l gl Aalil) a3l A aly puaind)
 hdd 9 Sl (2) 5 A LAY aai 1) ABURY (g gaa

Example 1-9 :
What are the period and group for the following elements?
19K , 1oNe , 17Cl, g0

Solution:
First - 1%
g0 152 282 y
2P4 - 244 =6 No. group Second — 2
1 Third — 3"
n=2 ——> No. period Fourth — 4™
uilay Qi g AY) adalal) 33U
5ogall a8
Oxygen 4O :-
Is in the second period. In group 6 of the periodic table
or group (VI) / 2" period.
17cl 152 252 2P6 352 3P5—> 2+5=7 No. group

!

n=3 ———> No. period
Chlorine ;-Cl :-

Is in the third period. In group 7 of the periodic table
or group (VII) / 3" period.

31
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10N€ 182 282 2p6~ 2+6 =8 No. group

|

n=2 ———> No. period

Neon ;,Ne:-

To the second period. In the Zero group

or group (0) / 2" period.

19K 152 252 2P6 352 3P6 4_51—> 1+6 =7 No. group

|

n=4 ———> No. period
Potassium 9K :-

To the fourth period . In the first group
or group (IA) / 4" period .

Exercise 1-10:
What are the period and group for the following elements?

Solution:

Be 15?282

( Be ) to the second period . In the second group
Or group (2A) / 2™ period.

«C 152 28?2 2p?

( C) to the second period . In the fourth group .
Or group (3A) / 3™ period .

13Al  18* 28* 2p® 35? 3p?

( Al') to the third period . In the third group .
Or group (3A) / 3" period .

32
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07704370050 :LoL ,.

Example 1-10 :

What is the common property between the location of the following element in
the periodic table? ,Mg , {Na , 3Li

Solution :

gLi 152 281 Period = 2 group = 1A
1Na 15% 25?2 2p¢ 351 period = 3 group = 1A
Mg 1S8* 2S8% 2p6 3s? period = 3 group = 2A

The common property Li and Na is that they both have the same group (1A).
The common property Na and Mg is that they have the same period 3 period .

LAY Bl A Basly b e A lagdl Na, Li ¢ s o)
QY Bl L Banlg b b S Ady Mg , Na O b g

Example 1-11 :

What is the common property between the location of the following elements
in the periodic table? ,Be , sB , ;N

. 05 Joaad) A Al pualiad) ad) ga s & il (i) L

Solution :

4Be 15% 257 Period = 2 group =2
B 15? 2s5% 2p? period = 2 group =3
N 15% 25% 2p3 period = 2 group =5

All these elements are in the same period 2 period , they differ from each other
with respect to groups . Each element belongs to a different group .
( Be ) in the second group, ( B ) in the third group, ( N ) in the fifth group .

Jm.k:ds‘j&:n_SJA}\‘?A’ML@S}J@&\EJJAS\‘;AJBAA\JSJJA‘?A’JMM\a:\A g
 AuaalA) B a3l A g Al g ADIAN B pa 3l (B Chgugal) 9 AN B a3l (e el palld B e (e

33
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Exercise 1-12 :

What is the common property between the location of the following elements in
the periodictable? P, (C , 1451

Solution :

11Si 18% 28? 2P® 3S5%? 3p? Period=3  group=4A
«C 15? 28* 2P? period=2  group=4A
1P 152 2S5? 2pP° 35% 3p3 period = 3 group=5A

Si and C both have the same group ( group 4 A) .
Si and P both have the same period ( period 3) .

1-10 Periodic Properties: 4y 9al) () A

The physical and chemical characteristics of the elements in the groups and
periods of the periodic table vary according to their:-
Q/ what are the periodic properties of the elements? Mention it.

D g9l Joandl Sl gy ) (B Ba g sall ualiall dyibiansl) g 43l 5udll ) g0 g T

1- Atomic Radius Bl el Chual
2- lonization Energy Snlil) d8Ua
3- Electron Affinity PRI RN
4- Electro negativity Al g sl
5- Metallic and Nonmetallic Properties A5 g A N8l (el gAY
1-10-1 Atomic Radius : Bl el Ciial

The radius of the atom determines its volume . Theoretically , atom radius
can be calculated by the last occupied level . One of the means used to
measure the atomic radius involves calculating the distance between the
identical and chemically combined nucleus of two atoms and then divide the
outcome by two as in the following figures (1 — 18 ).

gl o il g SV J e (5 gina AL L i aaaty g Wl Chual ga 540 ana daay ) ¢
Ofidadia g Odililaia O 83 Gm Adlucall (b & (M) kil Chial (uldl dasdieal) (3 k)
C(1-18) Jsad B cpdl) Ao ABlucall dandd af LiiliasS

34
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Figure 1-18

Q / Define the Atomic Radius .
A / Half of the minimum distance between two identical and chemically -
combined nuclei the element .

. saainll LibiasS cpfiaatia cpililaia ¢ )3 Al g G ABlaal) il 1 g M) all) Ciual

e The Radius of the element in one period decreases as we move from
left to right, i.e. as their atomic number increases .

c A 2l Bl (ol Cmand) A L) (e Liga) LalS jadl) Cluai Jiy 3aa l) 3 gal) B

¢ The Radius of the element in groups increases as we move from top to
bottom, i.e. as their atomic number increases .

c oA axd) Bl ol JALY) ) Ao e Uigad) LalS jlall) Chuai 3133y B e 31 8

Q / Show cause:
The Radius decreases as their atomic number increases in one group ?

€ Banlgll 5 gul) B (g A asall Baly gy Al Ciaal J&y [ Jlo

A / Because the attraction energy between the electrons with in one main
level and the positive charge of the nucleus increases with increasing in
the number of electrons in it.

L) pa gl il ssimall Gad clig gV G il s 3ab) cuaw
c oA e Baly 3 8 gilt Aan gal)

Q / Show cause :
The Radius increases as their atomic number increases in one group ?

¢ Baa) gl B3l (B g A asad) Baly e Ll Chal Ml [ Jle
A / Because the outer electrons keep distance from the nucleus .

(31 o i g RSIY Myl ) B sl B Adlucal) o Jadlas A A} il <Y oY

35
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Example 1-12 :

Arrange the following elements according to increasing in their atomic radius
9F ) 6C ) 80 ’ 3Li

LA, W U8 Calald) Baly § cames ALY pualial) oy

Solution :

;Li 15?2 281 Period = 2 group =1
g0 18% 252 2p* period =2 group = 6
C 18 252 2p? period = 2 group =4
oF 15% 28* 2P° period=2  group=7

Notice that all the elements above and with the second main level . They are all
in second period of the periodic table .

sLi > o€ > g0 > F

Exercise 1-13 :

Arrange the following elements according to increasing in their atomic radius
20Ca , Mg , 4Be

Solution :

Be 152 257 Period = 2 group =2
Mg 18% 25? 2p6 3§72 Period = 3 group =2
,0Ca 15% 28% 2p% 352 3p° 452 Period = 4 group =2

20Ca > ;Mg > ,Be

36
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1-10-2 lonization Energy : Cplil) Ada
lonization Energy is defined as :

The amount of energy required to remove one electron from the outer
energy level of a gaseous atom .

o Aaddl Jalaia paie 3 A1 o A Bl (5 giaa (e ) g Gt £ A da DU A8l laka
Al el

As in the ionization of Sodium atom
@Na + Ionization energy - Na* + e~

¢ lonization energies are arrange in the group from top to bottom . As the
atomic number becomes greater the ionization energy of an element
decrease .

c Ol dBa B g A axall 31 Lalsd JaLY) ) e B el B ol clila

¢ The ionization energies in the period increase as the atomic number of an

element increases .
c oA ) ala 5 LalS pualiall 00335 5 ) 9al) B o) cilis

Q / Show cause :
In the groups from top to bottom as the atomic number becomes greater
the ionization energy of element decrease ?

A / The reason behind this is that the outer shells electrons stay away from
the nucleus which in turn, increase the tendency of the atom to lose one
of the electrons .

JLadaa) (488 Jew Laa 8163l oo daa LAY AREY) il g <t dlaty) cus

Q / Show cause :
The ionization energy in the periods increase as atomic number of an
element increase ?

A / Because of the increase in positive charge of the nucleus and the
occurrence of the electrons in the same main level of energy . The
attraction energy to attract the electron by the positive charges of the
nucleus becomes greater.

(i 1) QB (g ga (udi B i S plByg 81 gl Crada dun gall i) 5L Gusean
35l A gal) Clia&l) 3 e (g S Jo dad) BB ala i e A
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Q / Show cause :
-N Which has greater ionization energy than ionization energy of gO in
spite of the fact that Oxygen atom has a bigger atomic number than the
atomic number of Nitrogen & that they both belong to the same period.

B3 (1 53 330 ST S W1 B3 O (e a8 ) e g0 (e B B S N [ Qe

. Baa) g B8 (2 Cladyg s g Al

A / Because if an atom has a secondary saturated shell as (ns?) or half

saturated shell such as (nP?) its ionization energy is greater than the
ionization energy of the following atom .

Ol s ¢ o< (np2) Jia pdia Cual gl (nS2) Jie padia g gl DS B AN (1S 1)

Wany Al A ol dBUa e sl Ll

-N 152 2852 2P?
0  [1]1] 18> 2s8* 2p* ] 1]1]

e Nobel gases have the greatest ionization energy so they do not lose
electrons easily .

1-10-3 Electron Affinity : A g sty 48Ny
Is defined as :

The amount of energy released when a neutral gaseous atom acquires on
electron as in Fluoride atom .
F+ e - F~ + energy

QoA Gluds) Ao Al Aad) b Lol S Aataial) 340 L8 L 4359 <ty ALY G s
ool 33 B Las ABUal) (e )aBa yalig dal g

e The electron Affinity of the elements in the periods increases as the
atomic number increases .

However , the elements in the same group face more difficulty to acquire an
electron as their atomic number increases.

Basl gl B el yualinl) 8 Lai Lgd M) axal) Bl <l jgal) A jualiall 445 g yicty) Q1Y) ala 33
L aiall 5 AN daad) Baly 3 09 ASIY) ABLia) Ay a3 b
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The bigger the atomic number of an element the more difficult it is for the
elements to acquire an electron.

. G ABLd) 4 gra cadla ) (oAl aand) o) Lals

Noble elements are known to have the lowest electron affinity because it is
very hard to add electrons to them .

L) i g st dBL) 4 graall (pa A A g sl ALY Lt AN jaalind) 8] ALudl) pualind) yias

1-10-4 Electronegativity : Al g 480)

In many chemical compounds , the negative charge of the bounded electrons
in countered near a certain atom . This greatly affects the chemical
properties of the compound .

099 Ama 53 (pe Gl 338 pa pualil) il g Sty Adlad) sl & 9<i CilS jall (pa S B
c S pall dpibiasl) (al gAd) B S JSdy g Laa L 8
Electronegativity is defined as :

The tendency of an atom to attract bonded electrons towards itself in any
chemical compound.

o oall) @i sl Qs e 33 88 Ll Al gl i S

e F fluoride of all other elements has the greatest electronegativity and
thus , is given number (4) as measure for its electronegativity .

Al g g Sl (il (4) Bl osllae af dyaleag S sualiad) o 58l

e Electronegativity increases as the atomic number increases in the
period with some exceptions .

. LU Gang 399 aa by gall B g Al aamd) ) ) LalS Al g S afa 35

¢ In Groups electronegativity decrease as the atomic number increases .

c oA aamd) Bl 3y Ayl g gl S8 B a3l B
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e As for the Noble gases they are considered exceptional because some
of them do not combine with others to make compounds. Thus, the
Noble gases which have the tendency to make compounds, tend to
have a very high electronegativity.

Ol (Sar ¥ Al GlS e Sy Y Wy oY BMGE i Alail) ol Ay
e Aglrg S 13 (g8 LS s Gl AN 068 Latie S0 Al Ayl g 1)

1-10-5 Metallic and Non-Metallic properties : 4 3t g 48N al 6Ad)
The Metallic and Non-Metallic properties change according to the changes in
the atomic number of the atoms in a same group and in a same period.

San) gll By gall il JAT g Banf gl B pa 3l il A (g ,AN axal) pdnd e 4 10N g Ay 38N el gAd) S

As the atomic number of the atoms in the same period increases, the metallic
decrease and the nonmetallic properties increase on the other hand.

. aﬁjﬁﬁ\ Uébﬂ‘ a3 g J@Bﬁ Z\.“U'SAS\ U“Jﬂ‘ dﬁ SJA\JS‘ SJJJJ\ Q\JM LfJM’ ddad) A ) Lalg

Example : Lithium (Li) and Beryllium (Be) in the second period show metallic
Boron (B) and Silicon (Si) come afterward with the properties of metalloid .

oal i CsShadl g cgul Al a8 AN Gal A a il ) g o gl gl A45EN B gall B Da
Ll 181 ol

The rest of the elements in the period such as N, O, F come at the end with
nonmetallic properties .

LA MY (al gAY 4edat 5 gall alic A&,

In one group the metallic properties increase and nonmetallic properties
decrease as the atomic number increases .

LA U el gAd) S g 4y AN Gl pA) A3 pualiall g A daad) ) ) LalS Baa) o) 3 s I o

Group (IA), (ITA) are Metals.

Group (VIA), (VIIA) are non — metals

Nitrogen (N) in group (VA) non — metals.

Antimony (Sb) , Arsenic (As) metalloid .

Bismuth (Bi) is the last element in group (VA) metallic
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e As far as periods are concerned the two elements in the first period
(H, He) are non — Metals. The seventh period includes only Metals.

In the following four periods, there is a gradual change from metallic to non-
metallic properties.

All the elements in the sixth period are metals except the lost two elements
which are non-metals.

Taking into account the fact that, transitional elements lanthanide and
actinides which are internal transitional elements show metal properties.

dal ) 3 a0l Y Aagad) g Audbad) 3 e 31 pualic 3 308 40Ul g A oW1 B a3l ualic
(B Aaldd) B a3l (A pualis AT Cigadall, i 318 sladd ¢ a9 g3l SBY (gl

Wy Al Aag W) il ygall B SN (agalit g Cd 9 38) oY) B gal) A Bad 5 gall jualic
Leran dbadd) 39l pualic 4y 30 ol gdd) ) 45 3080 (el gdd) A o pai JU) Sllia
pabindl () g il 38 daalaad) 390 pualic | Y (931 00 gl AN sludl (pa opilia) o ) 318
Al el i jeda (A ANED) yalie A All) Cladisy) g ity alic g ANEITY)
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Chapter Questions

1-1 choose what is correct from the following b Lea JS maall ala S
1- the most stable electron is that located in o R SV (g AS) ady

a) Fourth primary energy level.
b) Third primary energy level.
c) Second primary energy level.

A/ (c)

2- Which one of the following energy levels has more electrons?
¢ S| el g sy ‘éj'.ngaél.hl\ Sl e (4 s)
a) First primary level.
b) Second primary level.
c) Third primary level.

A/ (c)

3- Maximum how many electrons are there in primary energy level (n=2)?
(PG o ) ABUY (5 giasa B Cilig SSY) (e dae bl

a) 32 electrons.

b) 18 electrons.

c) 8 electrons.

A/ (c)

4- What is the number of orbital of (f) sublevel? S o) e f A 4y gill)
a) 3 orbitals
b) 7 orbitals
c) 5 orbitals

A/ (b)

5- Which of the following electron configuration is correct for d sublevel
which has 6 electrons according to Hund’s Rule?

dﬂﬂ@a&\@gﬁﬁ\ S d\d&ﬁj)ﬁ‘ﬂuﬁﬁgdﬁ\ KRRy Y sésmh..ﬂd\glm‘
a) [Nl | |
b) Mw111]111
c) [1]1]1]1]1]
A/ (a)

42
07704370050 : L ,. aasld) car-cp st <l SLF o



~se) - Lo S,‘ cie

-, i ‘ ®
07706236700/ bl  Clharemistry

6- The third main energy level contains a number of orbitals:
L UL ) Y (e 238 (g giag SIEY sl ) (5 glaall
a) 4 orbitals
b) 9 orbitals
c) 16 orbitals

A/ (b)

7- Electron configuration of one of elements is as following 152 252 2p3 what
is the atomic number of this element?

T yainl) 13gd g M aad) (& 152 252 2p3  waliall aaY gAY il A
a)5 b)4 c)7
A/ (c)

8- Electronic arrangement of neon element: & (gl waisd g SN cu )
a) 152 252 2p°®

b) 152 252 2p°® 3S!

c) 15% 252 2p® 3S?

A/ (a)

9- in the periodic table, the element of block d are located.
¢ 2 d el palic alli 5 9l Jgaall A
a) Below the periodic table.
b) On right of the periodic table.
c) Middle of the periodic table.

A/ (c)

10- in the periodic table, the element that assemble the right of the periodic
table are:

t® o Joaad) (ol ) G k) G (Al palin) | g sal) Jgaadl A
a) Block p elements.
b) Block f elements.
c) Block s elements.

A/ (a)

11- Halogens are the elements of the group Bl (A palic A cliagllgl)
a)lA

b) VIIA

c) VIIIA

A/ (b)
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12- What is the electron configuration of an element which ends with 3p?
3p? = il aind AN it sala
a) 15?2 2p° 3p3
b) 152 252 2p©3S? 3p?
c) 152 25% 2p° 3p3
A/ (b)

13-The discovery of the nucleus of the element is attributed to the scientist?
Al ) Gdy puainl) B) 58 Cadis)

a) Rutherford

b) Bor

c) Thomson

A/ (a)

14 — Atom element ends with electronic level 3s! atomic number of this
element is

9 paiall 5 A daad) ()l 35T o gy g ASIY) gl 5 Al ualal) B3
a)8
b) 13
c)11
A/ (c)

15- The amount of energy required to remove one electron from the outer
energy level of a gaseous atom is called ....

S A ad) A 830 A AUl CMS (e dal g g S £ Y da D) ABUal) das
a) lonization energy.
b) Electronegativity.
c) Electron affinity.

A/ (a)

16 — An atom of an element ends with electron order in secondary level 2P°
what its group and period:

t 3R a3l g 8 gl By (b 2P5 (5 ol ABU) (g glsa (B (A gAY i iy (AT uais B
a) Fifth group, Second period.
b) Second group, Fifth period.
c) Seventh group, Second period.

A/ (c)
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17- An element in the fifth group and the third period , the final secondary
energy level is :

D 9h Y (o g AUl (g glucad ADNAN 5 gall | Ausaldd) B a3 A ady suaic
a) 3p°
b) 5P3
c) 3p3
A/ (c)

18- Which of the following elements has highest electronegativity?
¢ Al g S Ao AV pualindl (e 6
a) Fluorine
b) Chlorine
c) Bromine

A/ (a)

19- The radius of elements increase within same period as:
D a3 gl B jualiall jladl) Cual 33
a) It has less atomic number.
b) It has larger atomic number.
c) As we move from left to right in the periodic table.

A/ (a)
20- Which of the following is true for the Lewis structure of Argon (gAr)
element ? )
¢ (18AT) QSN el (gl i Al bl maaua AUl e )
a) . Ar. b) :Ar: c) .Ar.
A/ (b)
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1-2 Explain Rutherford’s atomic model any why his model was failed ?

A)

e Rutherford’s introduced his perception that protons are situated in a
tiny area at the center of the atom called the nucleus which contains
most of the mass of the atom and that the electrons circle around the
nucleus.

e Therefore, most of the volume of the atom is a void and the number of
negative electrons rotates around the nucleus balance the positive
charge of the protons. These electrons rotate around the nucleus in
various orbits with varying distance from the nucleus as is the case of
plants rotating around the sun.

e This model was failed because :

NO.1 Assumption :

Assuming that negative electrons are static these electrons must be in
constant motion.

NO.2 Assumption :

Give that moving electric charge which is under gravitation force
releases energy, so there must be loss in the energy the moving
electron which would eventually slow down electron would move
around in a circular motion and finally falls into the nucleus.

In both Assumption, the atom must collapse and considering that the
atoms don't usually collapse, so there must be something wrong in
Rutherford's atomic model.
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1-3 write briefly about e aidly s

1- lonization energy.

2- There is no electronic repel in same orbital .
3- Thomson atomic model .

4- Secondary energy levels.

5- Electronegativity .

A)

1- lonization energy :- The amount of energy required to remove on electron
from the outer energy level of a gaseous atom . As in the ionization of sodium
atom. Na + ionization energy — Na* + e~

In the groups the ionization energy decreases as the atomic number of an
element increase in the periods the ionization energy increase as the atomic
number of an element increase.

2- There is no electronic repel in same orbital :- Each electron spins around
itself at the same time as it spins around the nucleus , when two electrons are
coupled in one orbital m one would spin clockwise |I| and the other would
spin anticlockwise IIl they cancel repulsion in this way .

3- Thomson atomic model:- Thomson gave another perception of the atom.
(Since the discovered electrons). In his opinion the atom is positively charged
sphere on which negatively charged electrons are attached to balance the
charge therefore the atom has neutral charge.

4- Secondary energy levels:- secondary energy level (s,p,d and f) these levels
differ in terms of shape and number of electrons .

(S) Has a spherical shape has one orbital.

(P) It has three orbitals (Pz, Py, Px)

(d) It has five orbitals

(f) It has seven orbitals  they have more complicated interstitial forms .

5- Electronegativity: - The tendency of an atom to attract bonded electrons
towards itself in any chemical compound. Fluoride has the greatest
electronegativity and thus is given number (4).

Electronegativity increases as the atomic number in the period. And decreases
as the atomic number increases in groups.
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07704370050 : b - aasld) car-cp st <l SLF o



~ 93 - \ o s,‘ CMG-U

-, [ 9 ®
07706236700 | b  Chemistyy

1-4 Two element ;,Mg and 4zS

1

Write the electronic configuration for them indicating the secondary
energy levels.

Period and group of each.

What is common between these two elements in their location in the
periodic table?

W N
1 1

4- Lewis order for both of them.
A)
12Mg 165
1) 15% 28%* 2P® 3S2 1) 15? 2s%* 2pP° 3s5? 3p*t
2) Group 2A - Period 3™ 2) Group 6A - Period 3™

3) The common between Mg and S is that they both have the same period (3)

4) 4) o
. Mg . Kk

1-5 Electron configuration for fluorine is 152 282 2P°

1) What is the atomic number for fluorine .

2) What is the number of secondary energy levels that full with electrons,
and named it .

3) What is the number of unpaired electrons in fluorine atom.

A)
1)9

15 2§
2) Only two  [11] [11]

2P
3) One electron 1]
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1-6 Arrange elements by decreasing in their atomic size ,He, ;oNe, {gAr

G Lgada (lall G pualin) i

A)

,He 1§52 Group (zero) period 1%
oNe 18% 28% 2p¢ Group (zero) period 2"
1gAr 18% 2852 2p® 3% 3p° Group (zero) period 3"

He < oNe < gAr

1-7 What is common thing between the following elements :

1) ,Li , (H 2) ;AL , 1Cl

A)

1) 3Li  1S% 28t Group (1A) — period 2™
H 157 Group (1A) — period 1°

Both have the same group (1A)
2) 3Al 1S5% 28% 2p% 35% 3P! Group (3A) — period 3™
7Cl 15% 28% 2p® 3s% 3p° Group (7A) — period 3"

Both have the same period (3")

1-8 Name the period and group for each element : 347, ;;Na

A)
1gAr  1S8* 28% 2p% 352 3p° Group (Zero) — period 3™
1Na  15% 28%* 2p¢ 3s! Group (1A) — period 3"

1-9 Write Lewis symbol for each of the following : ;4,5 , B

A)
165 18% 25?2 2p® 35 3pt > °§°

oo

B 1s? 252 2p! >  .B.
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1-10 Which elements are called Noble gases in the periodic table and what is
the most important characteristic of these elements ?

A) ,He, oNe, 13Ar , 30K1 , 54Xe , goRN
The last group on the far right of the periodic table (group VIIIA or group Zero).

Important Characteristic :-

1- Have the greatest ionization energy.

2- Have the lowest electron affinity.

3- The Noble gases which have the tendency to make compounds have a very
high electronegativity.

1-11 How does elements blocks in the periodic table are arrange , and what it
position ?

Classification of elements in the periodic table depends on this valence
electron. Elements can be divided into four blocks :-

1- S block : they are elements on the far left of the periodic table .

2- p block : these element are located on the right side of the periodic table .

3- d block : these element are located at the center(middle)of the periodic table
4- f block : these element are located at the bottom of the periodic table .

1-12 How many secondary levels and orbitals and electrons in each of
primary energy level (second , third ) ?

L) e oy (o shoa IS L gian Al cili g <Y g UL 5 6Y) 9 A gilEl) iy gial) 22 La
(Gl | S)

A/
Primary energy level Number of Number of orbitals | Number of electrons
secondary level
Second (n=2) S,P 4 8
Third (n=3) s,pP,d 9 18
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07704370050 : b - aasld) car-cp st <l SLF o



~ 93 - \ o s,‘ CMG-U

-, [ 9 ®
07706236700 | b  Chemistyy

1-13 Answer the following question accordingto ,,Cl , {Na ?

1- Write electron configuration of them.
2- Show Lewis structure.
3- Show primary and secondary energy levels.
4- Write number of unpaired electrons.
4- Number of electrons for each primary energy level around each nucleus.
6- Number of secondary energy level that is filled with electrons.
7- Period and group for each atom and what is the common characteristic
between them.
A)
1- ;4Na 152 25% 2p° 351
17Cl 152 25? 2pP® 38% 3p°

2- Na° °Cl:

w
1

Na Cl

ol 3s 3P 3d o1 3s 3P 3d
| M [TITT11 ¢ [ CITT1 11
E a
g G
£\ 2s 2P | 28 2P
2 KT KT >| [0 [
E 1S | 1s

(1] w1

Primary energy level
Na Cl
N N\

¢ | 311 $ | 3pMINL]
m M
£|3s £ |3s0OU
c c
> | 2p [0 > | 2p [T
a | 25 [ ¢ | 25 [
Ll L

1s [l 1s [l

Secondary energy level
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By the end of this chapter, student will be able to:

Identify the names and symbols of the element in group IA and Group IlIA.
Know the reason why these elements were put in these two adjacent groups.
Identify the location of each group in the periodic table.

Distinguish the difference Distinguish the difference among the element

P WNR

based on their properties.

Recognize sodium and identify its compounds.

Recognize calcium and identify its compounds.

Use flame test to identify some of the elements in the two groups.

O N W

Conclude why the elements in these two groups do not occur as free
elements in nature.

2 O e 108 Qullal) ¢ S Juadl) 138 Al 3 (pe S gAY day

Al g AV i g3l (A pealind) 5549 slam) daad

O gadall Gaie ganall Giila (B jualind) o pud g a 48 2
L5093 Jgaadl B Laga B ) JS aliga yaad

Lagal A o sl paliall G il

AT o 383 g gl e a3l

AL o yaat g p el e il

cabial) (ry wanil gl (ChdS) LAY aladdi)

Argdal) 888 il palis 2gag a8 A qud) ZlTi

ONoOWLPWNR
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2-1 Element in Group IA &IIA

GL:%Q‘ cield

Elements in Group IA and group IIA are found of the left side of the periodic
table as the figure bellow.

(2-1) JS&I g ueal) Jaad) (ra paa) i plall Ao Waad il 3 a3l g A gY) 3 a3l pualic

Agad ga ila gy

The first group (IA) consist of the alkali metals: Lithium (Li) sodium (Na)
Potassium (K) Rubidium (Rb) cesium (Cs) and Francium (Fr) is the only
element in this group which is prepared industrially.

232l gl | (Ni) sl (Li) sl g sl 380 (1A) 81 8030 peslis: pu
rang B a3l 038 (B da gl G181 & g (Fr) agssdl AN | (Cs) psadead) , (Rb) asein ), (K)

Li

Be

Na

Mg

Ca

Rb

Sr

Cs

Ba

Fr

Ra

v
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Group (llA) consist of the alkali earth metals: Beryllium (Be) magnesium (Mg)
calcium (Ca) strontium (Sr) Barium (Ba) and Radium (Ra). This elements are
arranged according to the increase in their atomic numbers.

, (Mg) psmuisall | (Be) asalisall anaid (4518 4y 5y i 3181) (11A) Al 5 a3l ualic
Walae) 3L s 48 0 A g (Ra) as2d)) , (Ba) asasdl, (Sr) assigsicdl | (Ca) pspesllsll
A

2-2 General Properties of Group IA &IIA
(A) 5 (1A) sl palbiad dalad) cilieal)

1- The element in this two groups have low electronegativity and low
ionization energy.

2- The outer shells of all the elements in group (IA) have one electron
whereas the outer shells of the elements in group IIA have two electrons

3- Because of their reactivity they cannot occur in the free from in nature.
Adl g i A8 g dika) g dabes g )9S ld i pa ) iR alis -1
o5 (1A) (A5¥) 83l sualiad dilly 2a) g 9581 (g gy S Led (4 a3l pualie aran-2
(IA) A 3 pa 3l ualind cpad g <))
Aagadal) 88 a5 e 22 57 Y Lgdllad sy -3

However, there is a very small difference in the general proprieties between
these two group elements. The metallic properties of the elements in group
lIA are lower than those of the elements in group IA.

The ionization energy of the element in group lIA is greater than those of the
elements in group IA because of the decrease in atomic volume.

A g 9 Oia sl G Aalall ciliaall B s CiNEA) Al o) Y

AU 3l pualie ol Al g 3 g¥) 5 el pualic (e 438 JB) () oS3 AL B ja 3 ualic
_g)ﬂ\e.al\ Olali Gy AV B ) G o)
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Q / what are the physical properties of group (IA) and (l1A)?
¢ (NA) 3 (1A) O3l alind duily 380 (al 5300 a2) La

1- Metallic and boiling points decrease when the atomic number of the
element increase.

-L,SJM‘ Aaad) Al 33 & gl g Oldall da o (all -1

2- The compounds of these metals such as Chlorides NaCl and KCl, etc., give
different colors to the flame of Benzene lamp.

Clan ndy ddlida Gl gl i | &l KCl 9 NaCl il Jia <l 34 o3a cilS ja -2

Those colors distinguish metal individually.
L§a8 Sy Al aad ) oY) o 2A
Lithium gives Scarlet color. Gl (g e 8

Sodium Compounds give shiny yellow color.  (=23) &l Jia)

Calcium Compounds gives dark red color. Bsh jeal
Strontium gives Scarlet color. Gl (s 3a8
Barium give yellow wish green. A pad)

Flame color of clements
o Calcium

b. Stromtium

¢. Barium
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3- The increase and decrease in the density of the elements are irregular to
the increase in their atomic numbers, taking into consideration that the
density of the first three elements (K, Na and Li) is lower than the density of
water at (25°C).

ralial) BUS ) Lale 4,400 Lalas) &1 55 aa luaalll) o) By 311 Aaliiial) 8 jualiad) 48US -3
25°C 4a ) slal) (e ABUES JB) (K, Na, Li) oY) &

Q/ what are the chemical properties of group (IA) and (ll1A)?

1- The elements in group (I1A) have one valence electron and the elements in
group (Il1A) have two valence electrons in their outer shells.

They have the tendency to lose their valence electrons when they enter into
a chemical reaction.

Elements in group (IA) form positively charged ions (M*) and element in group
(IIA) form (M**).

S(A) 3 (IA) 303 saliad Liluassl (ol sl ALa [

(b Cig Sl (1A) A B a3l jualindg aaly (19 58 gt (IA) (Ag¥) 8 a3l alis -1
A e

Apailly (MIF) Adald) Ao g gl (1983 9 (AlpaS ol (A Jgaal) die WGBS ¢ gabiiad
A 8 a3l jaaliad Apcilly (M) Adald) 46l o), ()5 el ualind

2- They combine with non-metals to form stables salt with high solubility
except Lithium which is less soluble in water because it has small volume and
the great attraction energy of its nucleus to electrons.

G139 Al g3 J9) a sl las QM\@QQJB\ 8 S 3 jiieua 73l hﬁj&\jﬁﬁ\@.\ﬂ-z
Al g sl o 31 gill 3yl cadaldl 3 g8 g dada jual
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3- These elements are very active reducing agents. They tend to lose the
external covalence electrons easily because they are easily oxidation
elements of group (lA) are called alkaline metals because their solutions are
highly basic.

Lo ) ghlsal) il g sl G aBAY Sl Ll (o)) dg 9B A Jida Jal go o glar ualind) oda dllus -3
Alle Leldlae oY 45 681 < 31800 Curam (JA) S5¥) 303 saalic | (WSl A g A ggny
A @)

Element of group (llA) are called alkaline earth metals because some of their
oxides are known as alkaline earth.

o gl 2 U e asal) ny (Y A o180 A ) i 308 (11A) Al 5 a3 sealie Cipa

Q/ Give the reason:

1- The element in group (lA) is called alkaline metals.

2- The element in group (ll1A) is called alkaline earth metals.
3- Lithium is less soluble in water?

4- The elements in group (l1A) and (llA) are very reducing agents?

Solutions:
1- Because their solutions are highly basic.
2- Because some of their oxides are known as alkaline earth.

3- Because Li has small volume and the great attraction energy of its nucleus
to electrons.

4- Because they are easily oxidation.
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2-3 Sodium p 94 guall
Energy level Symbol | Energy level | Number of electron
K 1 2
L 2 8
M 3 1
— Valence Electrons
&
» . o
¢ »
| |

Electron Configuration of Sodium element
Chemical Symbol: Na
Atomic Number: 11

Mass Number: 23

2-3-1 Occurrence: 04 99

Sodium does not occur as a free element in nature due to its high reactivity.

It occurs in nature combined with other elements forming stable compounds
such as sodium chloride, sodium sulfates and sodium silicates.

It is preserved in liquids, with which it does not react like:

Pure benzene and kerosene because it burns when expose to air.
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Alllad Smw\‘;ﬁ\ﬁ?&gdﬂ‘ KEN Ty

pd gual) iy S 5 0523 guall 25 618 Lgla g AL S ja LigSa pualind) (1a 0 8 ga J2aa 23 gy
pogall Sl g

a5 Mo Sy 43 980 Cpmn 3 S0 g AN (350 Sl Lgma S (0 el B B
RARVA

2-3-2 Properties of Sodium a g gall gal 3

A) Physical Properties: Al a8l (el gA

Q. / what are the Physical Properties of Sodium?
A / 1- Sodium is soft metal. 2- Has a bright silvery luster when it is readily cut.
3- Its density is less than the density of water. 4- It melts down at (97.81°C).
5- It boils at (882.9°C).

To523 pnall 4y 5l Lol g3 AL [

B1ua Aa el -3 L slall ABUS (e JB) ASBUS 22 Liida adad 1Y) kb Al ol -1/
.(882.9°C) 42 agigall sguaia iy -4 .(97.81°C)

B) Chemical Properties: At al sa)

Free sodium is a very active element.

It combine directly with most of non-metals to form ionized compounds as it

forms ion (Na*).
Most important chemical properties of sodium are:

Q58 i Al gl S pa (g 98 B pilae ) DY) aline e dady Jaa Jad i Al 6 g gual)
2254l (Na*) pssall gl

p Ailasl) sl 53 ad) (e

r3
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1- It directly combines with oxygen. When a freshly piece of sodium is
exposed to moist air. Its bright color vanishes after a very short time and the
piece gets a white cover.

Jade el o) sell (Lita Ao shila) o533 gua dadad (o 5 diS (pamaaS §¥) gea B pudilna 22y -1
sl Alay il g B b B 8 ary gy

2- It directly combines with chlorine and burns when heated together.
e CA ) Jaddiy g el L aa B pdile dady 22
2Na + Clz - 2NacCl

Sodium chloride gas Sodium chloride

Reverse Sodiem in the wisdle gns

3- It reacts vigorously with water forming sodium hydroxide and releasing

hydrogen gas.
Lol I8 a9 a g gal) duas g UigSa plal) aa 2ay -3
2Na + 2H,0 - 2NaOH + H,'
Sodium Water Sodium hydroxide gas hydrogen

Sodium his bright coloe
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4- it react vigorously with the dilute acids forming acid salt and releasing
hydrogen.

ool Sl 1y paalall mla U gSa ddddal) (el gall aa 3ady Jelidy -4

2Na + 2HCI - 2NadCl + H2

Sodium hydrochloricacid  Sodium chloride hydrogen

Reacton of sodium with water

5- It react with many oxides and chlorides as in the following equations
ralaall B LaS iy )5Sl g S a8 aa agad puall ol -5
2Na + MgO — Na20 + Mg

3Na + AlICls — 3NacCl + Al

Uses of sodium: a 923 gual) ¥ lazti)

1- Sodium is used as an active reducing agent in some of the organic
interactions because of its high oxidation.

sl de ju g B Casyy 4 gulanl) Q%ﬁﬂ\u&gégﬁd}&&ﬁd@q-l
2- It is used to production of sodium cyanide which is used in purifying gold
and in many other industrial applications.
e dpeliva cilenind Adg cadl) 485 3 addicall o g guall ibiw U A Jariy -2
A

3- It is used in mining to remove the oxygen of air which is combine with the
metals or which is soluble in their molten.

) AN aa faadia ¢ oSy @M\ &) 5gd) (manS gl (a galdlll andl) ngéexdyd\ PRESIWI ]
_L@\Jg.aalagéu.ﬁm\ 9
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2-3-4 Test sodium ion in it compounds:
ﬁl..\SJAQé@JﬁJM\ Ol oe sl

Flame test (dry detection) is used for this purpose as

maintained earlier in the properties of the elements of group
IA to which sodium belongs sodium gives the flame the
yellow color.

AV B3l palic alsd B 83 LS (Cilad) ChiSY) qull) RS Jariad
A Ol gdl) 2 giasall (ol Cna | agad gl als L) il A

Flame of sodium yellow color

2-3-5 sodium compounds a5 guall CiLS 4a

Ci ion

Na*ion Na and CI ionin the
Sodium Chloride

Sodium Chloride crystal

Sodium compounds are very abundant in nature the most important
compounds of sodium are rock salts (sodium chloride) and a mixture of
double salts. Under the effect of erosion such as rain or air which contains
carbon dioxide gas. Some of these salts convert into sodium carbonates, pure
mud and sand.

9 (posall 2usK) Laldl jsiuall lgan) g dagdall b L) daal g p g geal) CLS 5 o)
g5iay o £l g ¥l sl (e Aygal) il Jalge fliag dagatall g3 (e Jadd
Crballg agaagual)l Clign S A oY) ol (e and Jsaky CO2 Gse sl Syl (AU & Lo

Jal (Juatall) a0
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1- Sodium chloride (Table salt) (aadall 72la) a gad puad) A ) glS

Table salt NaCl is the most abundant sodium compound in nature.
It occurs in nature are rock salts in many countries around the world.

It also occurs as underground salt deposits it is abundant with huge quantities
in spring, seas and lakes.

b dale jshia JSdy a5 sgd daphall B 1 LG g gal) LS JS) (NaCH) alakall zele
Gl ol 8 AL Sy 2 gy oY) i cad dale il i Sy g Ol (e S
ibaadd) g jlanl)

Extraction of Salt zlal) o) Akl

If salt exists with high concentrations in sea water, the water is pumped into
large shallow pools to be vaporized by the sun.

B1sas slall A &l dal g Gl ga) ) olsal) 03a frai® jadl sl A dulle Ay zelall aa g 13
Ll

These processes are being used now in southern part of Iraq (FAW salts).

(S cladle) (3ad) cugia A V) Aaddiical) 48 k) A ola

B- Uses of sodium chloride: p.93d puall &y ) 6lS Cila)adin)

Table salt is very essential to human beings it is indispensable in our food.
Also, table salt is industrially important:

Laa) A 4 LS agdl A B i pliadiul) AiSa) Gluidl 4y g s dala alakal) la

. u@ SRS delia
1- It is used as an essential raw material in the preparation of many sodium
compounds such as sodium carbonites (washing soda).

asdgall Cligi S Jia agigall CliS e o all judaad B Alexieal) dpai i Salall -1
(Jad) 12 5a)
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2- Sodium chloride is used in preservation of consumable food for certain
period of time such as meat and fish.

Concentrated sodium chloride liquid kills harmful bacteria which case
putridity.

Cra il (e Baal (5 i) DL Aatlal 4idad) 3 gal) Bada 8 4 933 gudl) 618 (e My -2
_M\‘geamdfu

bl e ) S Oy S pal) Algla ) 3

Q / Give the reason:-
Sodium chloride is used in preservation of consumable food?

A / because the Concentrated sodium chloride liquid kills harmful bacteria
which case putridity.

3- Sodium chloride is used in leather tanning production of ice for cooling and
painting adhesives.

Slual) Cndi g il ) delia bl g J#\&Qd@exdﬂ\ &) 5lS Jardew -3

C- Properties of sodium chloride aspall &) 6lS pal

The following experiment can be done to show some Properties of sodium
chloride.

A Al o)) YA (e p g gual) 35S (ol g (any gl (Say

Put some crystals of pure sodium chloride in a glass bowel and put some salt
(table salt) in another. Put the tow glass bowels in humid air and label the
bowels individually. After one or two days, check the salt in the bowels you
notice that the regular salt becomes humidified the pure salt stays
unaffected.
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ale (i iaS o AL Aol Aala b gy Aslu ala ) (b QA agageall 3918 sl s
— (ag 9 — asd uose g (Laghe JS adl aa) il s B ciala Sl & il g (salad) aladal)
Osala 3 uls gé CJAS\ U‘d‘

- This indicates that sodium chloride does not absorb water from air, i.e.

it does not hydrate.
A el G ade g galad) mlal) o 5 B -

Regular salt has the property of absorbing water (humidity) from air.

The process of absorbing water from air being wet is called “hydrolysis”.

(L5 Y) sl e slall alial AL a it gall 3,08 O e Ju Laa

Q / define hydrolysis?
A / The process of absorbing water from air being wet.

Ball saud g o) plall o juali gall e (dshl) slall palaial duald oy
Adgalia Bala 3 (slal) alaal) zeled (‘gaaill)ey sl Cpa Ay gha ) (alualial

Therefore, table salt is a hydrated substance. The reason for this hydration is
that it contains impurities of calcium chloride or magnesium chloride or both.
These tow compounds have strong tendency for absorbing water from air.

(LagalS ) pspmiiall 31518 gl poseallSl 35S il s I Al gial ) 0l caan ()
sl e dysha ) paliaia ¢l Glislal) (i g

(Becomes hydrated in humid air). So what is the difference between table salt
and sodium chloride? Why?

filaly ¢ galad) aladall zelag AL 2 ga3 gaall &0l G (GAN Lo (1) (qudadl sad) (B ojlaati)
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2- Sodium Hydroxide (NaoH) .53 pad) LS g y0ib
Sodium Hydroxide is solid substance and it is hydrated when exposed to

humid air.

The hydrated layer of sodium Hydroxide reacts with carbon dioxide in air to
from a layer of sodium carbonates Na.COs which is insoluble in concentrated
NaOH solution. A dry layer is formed on sodium hydroxide grains.

2NaOH + CO2 - Na.COs; + g PY0)
Sodium carbon sodium water
Hydroxide dioxide chloride

Sodium hydroxide is a base with a great tendency to dissolve in water.

slall A GLgdll B8 Bac B a 513 guall dpS g 00

o e Apaial) gl Je ity i 51 5l g 3 236 a5 Al Bl gt el Ay g 00
2 ©9Y NazCos e seall g S (e Al 68T gl (& G gu ) s ) (AL L8
LS g puh il gl o ALy 5 a8 Joi M Aaial) AShaial) 8 S yal) NaOH J gt
p93 gl

Q / what are uses of NaOH? I8V B Al

A / 1- in many industrial fields such as soap and detergent industries, textile
and paper manufacturing.

2- It is also used as an essential raw material in the preparation of many
chemical compounds used in various industries.

delia By (i gl GGaablua)cliBiall g ¢ gilial) dolia e Bpae deliva clpa (B Jariad
Acliall A dlariuial) il jall o pandl judaad B Al Balayg (3ol 5 Ay
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2-4 Calcium p gpeallsl)

Chemical symbol: Ca
Atomic number: 20

Mass number: 40

Energy level | Principle Quantum Number | Electron Number
K 1

N O N

L 2
M 3
N 4

¢
B

Some food that contain celcium,
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2-4-1 Occurrence o< 9

Calcium does not occur as a free element in nature because of its high
activity. It occur in combination of other elements as in the form of
carbonates such as alabaster and limestone, sulfates such as plaster
phosphates such as calcium phosphates or silicates calcium is obtained by the
method of electrolyzed of molten calcium chloride and fluoride. It occur in
some kinds of food such as milk and fish.

A palind) a0 S aa 1dala 33 gy g Alullad S dagdall A 5 A B gean a gl 318 2a oY
Fla Cliagh Joh o o) puaad) Jla Gy oS J84 o g ulSl) aa g e pal) Jha ciligy S J2&
LS spaiad bl Jalailly G paliiuny clSle JO40 e g agedlsl) cliugd

el 5 culal) Jia 430V £158) Oty uS 5 (A a gl JA2 | gaaadlS) 2y 5 5t0

2-4-2 some of calcium compounds: psedlsl) CilS u aana

1- Calcium Hydroxide Ca (OH): p edlS) daiS g y00

It is prepared by adding water to calcium oxide CaO (quick lime). This process
is called (hydrating lime) which results in calcium hydroxide which is known
sometimes as “Hydrated Lime”.

o) plilly Giad ddee A (AN sl g B sill)a sl Mgl ) plal) ABlaly jdaay
bl paatly Ul G oy éﬂ\exﬂ.‘lﬁ\ LS g ad Ao Jgaad)l ) o Allg

Ca0O + H,0 — Ca (OH):

Pure calcium hydroxide solutions is called “pure lime water” as in the
following equation.

Addlaally dduai LaS (ulSl) play (Alall o gaaadlSl) a5 508 Jslan S0

When exposed to carbon dioxide, CO,, lime water becomes impure because
of calcium carbonates as in

(0B qual ) o gl g LS (0985 a0 800 Badl Ade CO, S Ul el Aie
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Ca(OH) + CO, - CaCOs | + H:0

Solution Calcium Carbonates
(Lime water) (White precipitate) ol Gl
Turbid solution A& Jolaa
2- Calcium Sulfates: a greallsl) Sl S

Calcium sulfates occur in the form of plaster CaS04.2H,0 whereby two
molecules of water (crystallization water) combine with sold calcium sulfates.
When heating gradually removes crystallization water, plaster turns into
“Paris plaster” (CaS0a4)..H.0. Paris plaster is used in building, statue making
and casting.

Q/definition plaster?
A/ its calcium sulfates with two molecules of water CaS04.2H,0

e sla 0o G S Alaall o gandlSll Gl S ae b y Cis CaS04.2H20 Gud JSd 22 5
dae Jariad | (CaSO0s)2.H20 il cued (I gl Joads (il Cpdadlly ) olidll sla
(mall) A el y Jlaill plua A 5 s L) B (Cmisls o) ol

Q. / what are the uses of Gypsum Paris?
A / 1- in buildings.
2- Statue making.

3- In casting.

Q/ how can prepare Paris plaster?

A / when heating normal plaster (CaS04).2H,0 gradually removes
crystallization water turns into “Paris plaster” (CaS0a)2.H20.
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Chapter Questions

2.1 choose from the brackets to complete the scientific meaning in the
followings:

1- Which one is the first group element?
a) Helium b) Radium ¢) Sodium d) Baron
A / c) Sodium
2- Why potassium is more active element than lithium?
a- Its atom has two valence electron.  b- Its atomic radius bigger.
c- Its atom don’t have valence electron.
A/b
3- What is the oxidation number of Magnesium element in its compound?
A/+2
4- If lithium atom loses its equivalence electron it convert to
a) Single positive charge ion b) negative charge ion
c) di positive charge ion d) di negative charge ion.
) Jgai GBSl (9 Sl o gl B 43 cuasd 1)
Gl gl (@ L gall Al i) Gyl (i
b Dl AL gl (2 G g Adadll AU el (2

A / a) Single positive charge ion
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2.2

1- What is the difference between normal plaster and Paris plaster?

fgatie) (uaadly (un )l g O AN L

Normal Plaster Paris Plaster
1) CaS04.2H,0 1) (CaS0a)2. H20
Two molecules of water combine with | One molecules of water combine
Calcium sulfates. with Calcium sulfates.
2) when heating remove 2) It acquires water crystallization
crystallization water turns into Paris turns into normal plaster.
plaster

2- Why sodium chloride is important for industry?
A /1) itis used in the preparation of sodium carbonates (wishing soda).

2) It is used in the preparation of sodium hydroxide is used in production
of soap, paper.

3) It is used in the preparation of chloride gas.
4) It is used in the preparation of consumable food.

5) It is used in leather tanning, production of ice for cooling and painting
adhesives.

3- Barium has more metallic properties than beryllium. Why?

A / because of its large atomic volume.

2.3 — explain the reason of following:
1) Aluminum 13Al is not found in (IA) group.

A / because the outer shells have three electrons.
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2) Sodium is stored in petroleum.

A / because its high reactivity and it does not react with benzene, kerosene it
burns when exposed to air.

o1 54 Auda a5 ie iy 4560 T | () gn JSULY 54 Allad 50 ey
3) (1A) group called alkaline metal.
A / because their solutions are highly basic.
4) Sliced sodium loses its shining after some time.

A / because it directly combines with oxygen and the piece gets a white
cover.

5) Put the elements Lithium, sodium and potassium within the same group,
although different in the atomic number?

A / because the outer shells of all elements in group IA have one electron.

2.4 Explain
1- Calcium loses two electron easily?

A / because they are easily oxidized. Calcium has large volume and that
reduce attraction energy of its nucleus electrons.

2- When granules NaOH are left in wet atmosphere they first fade and then
form a hard shell?

A / because the hydrate layer of sodium hydroxide react with carbon dioxide
in air to form a layer of sodium carbonates Na>COs which is insoluble in
concentered NaOH solution.

2NaOH + CO2 — Na:COs +H20
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2.5 What is the difference between pure salt and impure salt?

pure salt impure salt
1) Does not absorb water from air. 1) Does absorb water from air.
2) Does not hydrate substance. 2) Does hydrate substance.
3) It is not contains impurities of 3) It contains impurities of calcium
calcium chloride or magnesium chloride or magnesium chloride or
chloride. both.
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Chapter3

A 5 plic

At the end of this chapter, the studying is able to:

1-1dentify the names and symbols of group 111 elements.

2-Know the general features of group 111 elements

3-compare between the effectiveness of group 111 elements and that of their
isotopes of group Il elements.

4-know that aluminum does not exist as a free element in nature

5-1dentify the atomic symbol and number and the mass number of aluminum.
6-Recognize the physical importance and benefits of aluminum compared to iron.
7-recover_ practically_the aluminum ion in the aqueous solution of its compounds.
8- Identify some aluminum compounds.

10 A 188 Ul ()5S Jual) 138 Al 3 (pa £ gy day

AGIEN B pa 3l palie 5949 stand o i1

AN B e H) ualind dalad) ciliuall dasy -2

A By 3 ualis L pildad e ALNAY 3 ya 1) palic dallad (o 01853
Arhal) A ) 22 Y o glal¥) pale O agdi-4

.ajgm\J\ painl ALy KX~ LﬁJZﬁ\ Aand) g el 2§

oaal) aa A5l A AdSay Le Auily 38 o gaial) i) g8 g Apar) & 0-6
AT el Agilal) Jllaal) (A o gaal) (9l 0 Liles CidSy-T

Lol QLS ja (g o 208

75
07704370050 kb .o oo st el SLF o



~ 503 - G\J..s 1 cigll

07706236700 | b  Chremistry

H He
N [ 2 |
Li Be B Cc N O F Ne
EEE [ 5 | 6 | [ 8 ] 9 | 10
Na Mg Al Si P S Cl  Ar
[ 12 R [ 5| [ 18 |
K Ca Sc Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
“““““““““““ﬂ““ﬂ“
Rb  Sr Y Zr- Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe

[ 37 | 38 | 3o ) a0 ) 4t f a2 ] a3 | 44 ) a5 | 45 f 47 ) 48 | 40 ] so | 51 ) sz ) s3] se
Cs Ba La Hf Ta W Re [Os | Ir Pt Au Hg TI Pb Bi Po At Rn
EEE B NG 2 B TN G G S BECH BN N T T I T I
Fr Ra Ac Rf Db Sg Bh Hs Mt Ds Rg Ch Nh Fl Mc Lv Ts Og
I I N TN T T T T T I T I I I I T I T

Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
[ 58 | 5o J 60 | 6t J 62 | 63 | 64 | 65 | 66 J &7 J 68 J 60 J 70 | 71|

Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Lo | o | oo | s | o [ o P oe | o s | oo oo | or e | ios

3-1 Group I11A elements:

The main reason behind putting the elements of group I11A in one group is
the same reason that we had in groups IA and Il1A. The reason is that the
outer shell in 3A group atoms contains same number of electrons despite
they are different in their atomic number. The elements of this group are:

Boron(B), Aluminum(AL), Gallium(Ga), Indium(In), thallium(TI), as
illustrated in the following periodic table.

Boron 58 Metalloid
Aluminum 13
Gallium s, |
Indium 9 B Metal
Thallium 81T | —

o Una ya o3l Adudi Jalall ga Baalg Ae gana B 3l old palic g B quadl O
LU a8y clig fsll E o Lghl M o Al CDAY sl gia) ga g Adlilly A e¥) (e
psiY) | (Ga) asdSl , (AL)pssialy) |, (B) Csusdl & Buall) 83a yualic g 45,30 dlacll

. o9 Joaall A8 a3l aBga JSA agag, (T1)asd&y, (IN)
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3- 2 General characteristic
properties of group 1A Elements.

SN 5 a3l ualiad daladl cilial)
1-the elements of this group are metals except Boron which is metalloid.
Al sgd G gsll e 3B el alis -]

2-The ionization energy of these elements is less than the ionization
energy of group IlA elements. The main reason for this is that the
elements of this group contain one electron in the secondary shell (P)
following a saturated secondary shell (whether [S or P]. the outer shell
of group IIA elements on the other hand, is the saturated secondary
shell (ns?). The increase in the atomic number of the elements of this
group (up to bottom) generally results in a decrease in the ionization
energy of their atoms because of magnitude of their atomic masses.

2325 A (il Q) g ALY B ya ) ualie cpls d8Us (e JB) jualiall sda (ls 48Ua D
salis Ly | (P or S) gl (g silll Gl 22y (P) (o sl DRI (8 aaly (g sl
AV )8 a3l oda gualiad (5 MI aaed) 3L 3L (NS? ) adia o sl DS Lgd AL By

o)A LgaliS aaa o ol 48U J85 (Jauy) )

3-considering valence electrons of this group elements, it is expected
that the oxidation number of these atoms is (+3). However, they tend
actually to form covalent bonds.

(o) ABLSYL (+3) easlal) AUla ol 289355 pa 3 02 jualind ghlsil) cilig <ty ity -3
Aol Bl 5 (33 955 () LgDlsa

4-The oxides and hydroxides of the elements of this group are
characterized with an increase in the alkaline characteristic and a
decrease the acidic characteristics thus the aqueous solutions of boron
oxides are acidic, the aluminum oxides are amphoteric.

Olall g e 1) dial) 3aL 3 de ganall 038 ualic i g0 g LdlST al g3 Juali -4
Ly Asdaala () 9 sl €Y Ailall Jullaall aad G | (5,3 aaad) 3§ LalS Lpdaalal) ddial)
gl el S 585
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3-3 Aluminum

Chemical symbol: Al [ Shell symbol | Shell number | Number of electron
Atomic number: 13 K 1 2

L 2 )
Mass number: 27 M 3 3

A v_" > it h \
¢ ¢ l ,:‘ ¢ !I
e
o

Electron configuration of Aluminum

3-3-1 Occurrence: 0392 9

Aluminum metal is too reactive chemically to occur natively. Instead it is
found combined in a great number of different compounds. Aluminum is
the most abundant metal in the earths. It makes up about 8% by weight of
the earth’s solid surface. The row material of aluminum is bauxite
Al>03 .2H>0 (aqueous aluminum oxide).

And it the main source of the aluminum extraction cryolite (NasAlFs) is a
fluoride of sodium and aluminum (sodium hexafluoride aluminum) and it
Is one of the most important sources used in extraction of aluminum
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Aladl) ol 318 a3y daghall 813 o guial¥) an oY
(L) <l Y gl gaial¥) | A gita LS o Crana pualinl) (a0 o ga Taata 3o gy o4
LSl 98 9 AlpO3 H pOCbaS gl i Apda Y1 3 580 s3ua (e 800l g oY) B il
a2t 95 (Nas AlFe) < ga Sl ufiay Laiy o gaial¥) i ) alAY) el a gaialy)
Al 7l Al B Alexicial) dagall jalaal) (1 a gaial¥) g a g0 guall

Q/ what are the ores of aluminum?
A 1- Bauxite (Al,Os. 2H20) aqueous aluminum oxide

2- Cryolite (Naz .AlFs) fluoride of sodium and aluminum

Boron (B) Aluminum (Al) Gallium (Ga) Indium (In)
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3-3-2 Extraction of Aluminum:

Graphite

Graphite-lined
anode

tank (cathode)

Molten mixture Bubbles of CO,

of Al,O3 and
Na3A]F6

Al(l)

Figure 3-2 Hall cell which is used to obtain aluminum.

There are many processes for extracting aluminum from its compounds.
The (Hall process) is the major industrial process for aluminum extraction
in the present time. It is best and reliable process and is widely used in
industry. It involves electrolyzing pure alumina (Al2Os3) in molten cryolite
bath at a temperature of (1000 C) by using carbon electrodes. Alumina
(Al203) does not occur naturally. It occur naturally with other impurities of
iron and others. The ore of bauxite (Al203.2H20) is chemically purified to
exclude impurities to obtain pure aluminum oxide (Al2Os) aluminum which
has a high melting point and being melting in molten cryolite . The molten
cryolite decreases the melting point of alumina. The molten then is poured
in an electrolytic cell. As the current passes through aluminum
accumulates at the bottom of the cell. Then the molten aluminum is pulled

gradually.

Leal pualal) cdgl A Jga A8y sk ety 4SS pa (e pgaiald) GaDAILI Byae 5ok s
myﬂ@uﬂy‘_sms,b&yt bl Adiaty | é.ubdsw«;muawmqmu
= (1000 C) da,y  (NasAlFe)a s sl jguale alaa & (AlO3)

'\ CuluaS gall ald (AL 0 € 9 2l (e il g g G508 ] Jlantialy g
e (el (AU gial) syl o Jgaandl quil ) (e Libas
: \ G Jay i) M N g Sl guale B Gl Al Jlgual) A e Al

d AJQJMUJQSJMLS&‘}M\@'AJA uu,s‘\zutg.ms\hﬁuass
L RN il geale (S8 o asal¥) meads Sl LD il

b.u.\.n_\suuj
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3-3-3 properties of aluminum: agialy) al 63
1-physical properties: Ay i) Gal g3)

Aluminum is a fine silvery metal with a remarkable low density and is a
good conductor for heat and electricity.

sl S 5 8 jadl Jaa i) aua Aida) g ABUS g3 0yl uad 318 4 guialy)

2-chemical properties: i) ol Al

A-it has been mentioned earlier that the surface aluminum oxidizes when
exposed to air, aluminum is then covered with a thin layer of its oxide
which sticks firmly to its surface and prevents further oxidation. This thin
layer gives aluminum the ability to resist corrosion. This does not happen
iniron.
poial¥) oS id Jash o JAY) Aadaus 2l o) ggdl o el (s pahy Lasic 4 Ui U 83 -
) i) Gy S (e 138 g 18 pedasy (Gl w0 ¢S (2 S gl (e Dan AR ) Ak
Spal) ais b daag b 8 1Ry Jsli)
B-Aluminum powder burns vigorously with a bright flame. Releasing
great energy. The reaction occur according to the following equation:

4Al + 30, - 2Al:03 + Energy
s Adle Al jae ol gy g Bk gl (3 ganin 3y -

W N7
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C-Aluminum is a reducing agent: JJids Jals a gial¥)
Q/ explain with experiment that aluminum reducing agent?

Put a mixture of aluminum powder and iron 111 oxide Fe>Os in a crucible
with some sand. Also put a tap of magnesium of an appropriate length in

the container and light the end of the tap.

And keep a distance from the container not less than three meter .Try to
notice the reaction between the aluminum powder and iron 111 oxide, the
reaction is so vigorous with a great amount of heat, shiny flame and a lot of
sparks. The reaction results in molten iron as the aluminum reduces iron
(111) oxide and releases molten iron due to excessive heat. This reaction is
called (Thermite reaction) as in following formula:

Q/ write balance equation of thermite reaction?
Al + Fe203 —» AlO3 + 2Fe + high temperature

This reaction is used in welding steel machine and railway bars. Aluminum
IS so used to extract some metals from their ores which exist in the form of
oxides relying on its reduction potential.

Jay 4o sle g (B ol Ay (feoOg) T waad) LS gl 5 p gial¥) (§gaa o bl pagy -
A ¢ Y Aluca el aa Jay pdl) Auled (3580 e ghay o gaeaiball (e oy pdi iy 5,
AaS Sy G gauaa Tad Mol 1] 14l LuS 5 ga p gial¥) (§ gana Jo il Aliadlag Jliaf
pl Aaiil wasl) jguaia Jeliill 13 (o by lal g pdile cagd g 81 Al (e B S

13 o g Adlal) 50 Al Jads gl o2 waall ety |11uaad wus gl J)Fiaks a gaiald)
Layaal) 53V aat (B e A Joli (e Aoy Alilaal) B g ga LaS Cupa i) JoLiy JoLitl)
LEali (e o U8 (pany DAl (B o gaiald) aiiony LaS , panl) i) oo g 5 )

¥ i Sale 48 o Talaie) aulsi A o 33 92 gall

Q/ Definition Thermite reaction?

A/ its reaction between aluminum powder and iron (111) oxide the reaction
IS o vigorous with a great amount of heat, shiny flame and a lot of sparks
and it results from reaction molten iron due to excessive heat
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Q/ what are the uses of Thermite reaction?
A/ 1- in welding steel machine.
2- in welding railway bars.
d- Reaction of aluminum with acids and bases:
130 ) g8l g Laal gad) aa a gaial¥) Jolis

Aluminum reacts with dilute hydrochloric acid easily to produce hydrogen
gas and aluminum chloride component:

Q/ write balance equation of react aluminum with dilute hydro chloric acid?
2Al + 6HCI — 2AICIz + 3H:

Aluminum dose not react with both concentrated and dilute nitric acidic
continually. Because aluminum oxide (Al.O3) forms a layer which isolates
the acid from the metal. Therefor the reaction stops. This property helps to
use Aluminum containers for storing nitric acid. Aluminum reacts with
basic solutions like sodium hydroxide or potassium hydroxide to release
hydrogen gas and aluminum salt.

This behavior is called amphoteric behavior.

4,518 UisSa g (a9 bl 8 Tome Al pgany ibial) el 518 5 00l aala pa o glal¥) Joliy
o s 355 o Syl g il ) nala om SIS g gsia) oS paiand g o 55ialy
Bia 8 Aualdd) o2 (pe Sl g Jolinl) i gid I e (aalald) Jad AN a galald) s
LS g Jia 30 gl Jllaal) ga p gaial¥) Joliy o galal¥) cpa Al ol (8 Aliig el A1) Glaala
sais ol oMol (e it a gial¥) pla g Cua g ugd) S 1 sam slall B a gl gal) g a g3 gaall
o glad) 138 a9 Crllad) (8 Cra g oagd) U8 @il 31 5l g (2 al) g Jo U  grlald)

LSt siaY) & sludly
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Q/ define amphoteric behavior?

A/ its reaction of aluminum with acids and bases to release
hydrogen gas in both cases and aluminum salts.

Q/ Give the reason:
Use aluminum containers for strong nitric acid?

A [ because aluminum does not reacts with concentrated and dilute nitric
acid. Because aluminum oxide (Al203) forms a layer which isolate the acid
from the metal therefore the reaction stops.

3-3-4 Uses of Aluminum: a gaialy) Claladin

Aluminum and its alloy have a very high mass, and when
exposed to air , it forms a thin but firm layer of
aluminum oxide which stick the metal and protects it |
from oxidation, therefor, aluminum is a metal with (Self |
Protection ) against erosion this is not the case with iron
why ?

Because the thin layer of iron oxide (erosion) is very thin
and humidity penetrate the metal therefor the erosion
continues. Aluminum can be used in electrical wires
whereby its connectivity is twice as much of that of
copper, considering the mass of both elements, therefor,
the diameter of aluminum wires is larger than that of
copper. However aluminum is used in electrical wires in
on a limited level because is expands and shrinks 39 %
more than copper when exposed to the same heat.
Recently thin layer of aluminum are used to foods,
medications and other household appliances as well as
various shapes and sizes of cans. Thin aluminum alloys
are used to make kitchen, utensils, plates, chairs and
many other products. In Irag Aluminum alloy locally is
known as (Fafon) is found in every house in Iraqg.
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Aluminum alloys are also used to make cans and containers to preserve
liquids at a very low temperature as oxygen, argon and nitrogen ... etc. this
Is because of the fact that the lower temperature the harder aluminum
gates. As for the element mixed with aluminum in making alloys, they are
lead, copper, zinc and magnesium.

Qs o< g gl ol sl A o dic g Jan Adle 4@ ALK Aol (o)) ALy a grialY) juaic jliag
S A Ssash e ol sl Aaila o) o Bady (Guaili Jan Balua a grial¥) LS gl (e A8
Oilal g aaldl B Gany La 13 g JSTY e A By 38 2 guiall) ()5S0 Ay g sl gid

CramS 01 ) £ 5d Jlaal) zouadi® A ggny it Lda (Taall) 4sSial) paad) us gl Aida oY
O Gun Al Sl DY) dolia b a gial¥) Jlaied] (Say JSUIL Lgtad Jf paiaiy ((Lgh g
138 g Cppainl) (o ALSY (udi UART 1Y guladll Jua g dinida (g gbows sl gl o gaial¥) Jua g
il (ra 3906 Ay Lallli gf 1308 SiS] 2 gaial¥) (pa A giall DAY jhad Chial o (A) g2
Llls aiual agaaa gUai e V) @3.-,\-'\-63;3’\ Cra Al e ey et e LIl saal) (uddl
LAY Al jial) elaatial g pilSial) g 4y ga¥ g alakall Ciliil 488 ) rilia o gaial¥) (e

ldally @elally gaill g @\3‘2\ d8,830) ASili il LaS alaay) de gilal) dyisnal) ciliyal)
A el ASw (e G iAo Y @lall Ualy BB o AY) cleliall (e pfiSlly el Sllg
Jia i diadiia 4y a Aoy Ji) gead) By dualdl) SLLRY Al (e guali SIS (53U
Cudadll) LalS 21335 2 gaial¥) 88 o oo D Al g L 5 G g A5 e W9 s 5Y)
eadll g gala )l 4 dibuad) giua A agrial¥) pe JaldS AN ualiad) |, il oo 3 ) pad) 4y )
popuiall g L3N g

Q/ what are the uses of Aluminum?
A/ 1- Thin layer of aluminum are used to foods, medication

2- Other house hold appliance as well as various shapes and sizes of
cans.

3-aluminum is used in electrical wires in on limited level because is
expands and shrinks.

4-Aluminum alloys are used to make containers to preserve liquids at a
very low temperature such as oxygen.
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Q / Give the reason?
Aluminum alloys are used to make containers to preserve liquids at a
very low temperature such as oxygen¢

Sduzaiiial) 3 ) o) cla jy Jil geud) B AUB a8 o gaialV) il Jlaxinal / Jlo
A [ because it’s that the strength of the aluminum increases as the
temperature decreases.

Aadiial) 5l Al cila pa A3 GesiaI 3B N/ 7

3-3-5 Aluminum Alloys: agaial¥) il
the most important aluminum alloys are: asialY) liluw aa)
—— .

e
E ' f’*
l l ﬂ“"“’;’l F

1-Duralumina Alloys: Uisa g1 gaal) Ao
This alloys consists of a high percentage of aluminum and a small
amount ratio of copper and magnesium it might contain manganese
as well this alloy is light and hard so it is used for building aircraft
parts.

By o gaaitall g guladll (o ALB Ly pgaial¥) (e Aalle dpsd (o Appual) 030 (5SS
Sl lal) o) jal phang #ly A Jaxind g Lgida s Lghliy Jliad Lyl jaiadall o (g gias

2- Aluminum Bronze Alloy: agial¥) 359 A

This alloy consists of a small percentage of aluminum and a high
ratio of copper and other metals sometimes. It is characterized by
resistance to erosion. Its color changes according to the colors of its
component parts. Ranging from copper color to gold color and silver
color. Therefor it is used to make decoration materials.

G b Ulal g guladll (e Adle dpudy agaial¥) (e ALB 4ol fe ASud) 0da () oS
Ll 98a Gead iy Aaaad) (gt iy g JSLED o gl Ll Aaaal) 038 (1l 53 (a5 A
dualdl) odn (o aliug AN Aadl) gl )5 adll gl ) uladl) gl g oal i

A 3 @) gl deLay
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Q / compare between Duralumin alloy and Aluminum Bronze alloy?

Duralumin alloy Bronze aluminum
1- Consist of high percentage aluminum | 1- Consist of a small of aluminum
and a small amount Ratio of copper and high ratio of copper and other
and magnesium, Manganese. metals sometimes.
2- It’s used for high building aircraft 2-it’s used to make decoration
Parts. Because is light and hard. materials.
Because its color change From
copper color to gold color and silver
color.
3-3-6 Aluminum Compounds: a gaial¥) il ya
1- Aluminum Hydroxide Al(OH)s : pgial¥) L 9 20

It is result of a reaction between aluminum aqueous solutions of aluminum
salts like (Aluminum sulfate) Al(SO4)s with sodium or potassium
hydroxide . Aluminum hydroxide is a white gelatin material insoluble in
water.
L pspgall gl agandl gl LS g 1A 2 pgaial¥) 3] aaY Alall Jslaal) Jo S (e juany
slall (8 Gl Y plday Al Bala o gaial¥) 2 9 )3 g

2- Aluminum Oxide Al,O3 2 saial¥) dass gl
Results from excessive heating of aluminum hydroxide as in the
following formula:

. porial¥) a9 gt ALY Gududil) (e o gaial¥) daS gl sy

2AI(OH)s & AlOs + 3H20
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3- Alum S
When two equal amounts of aqueous aluminum sulfate and
potassium sulfate are mixed and allow the mixture so that water
evaporates, the result would be salt crystals containing aluminum
sulfate and potassium sulfate along with crystallized water molecules
in a fixed mass ratio. The general formula for alum is
KAI(SO.4)2.12H,0 it is also called ( potassium alum ) normal alum has
many uses as a sterile minor cuts. Whereby it helps blood to clot
easily because it dissolves in water and deposits on the wound and
stops blood so it clot. It is also used to make dye permanent on
textiles and in purifying drinking water.

Alall a gansll gall iy S g o sial) il S lae (oa CpiblSia Cp ldha 7 3 e
p ol gall il S g o galal¥) Sl S (e gele @l Ao Juand A Jelaall & 5
A Al dalad) dial) A5 A0S dpady oLl sla iy 3 9(KAI(SO4)2.12H:0)
C 9] adiail) Lgia Badaia Claa (B oo Y] QA adaliad a gaadi gl Guid Lad) a9
i g slall (B Al gd queay Al gy pal) JAAS o selay Cua ALENAI(OH); o
Al B Al o flual) i B addiey |, A58 aal) (Pl i gy S g
o) Bl
Q / what are the uses of Alum?

A [ 1- sterile minor cuts.
2- To make dye permanent on textiles.
3- Purifying drinking water.
Q / explain the reason?
Use the Alum sterile minor cuts?
A/ because it helps to colt easily blood where by it dissolves in water
and Al(OH)s deposits on the wound and stops blood so it clot.

3-3-7 Test of Aluminum lons in solutions of aluminum
Compounds:

LS e Jallaa (8 2 gaialY) (gl (e CaASY)
Aluminum ions are identified in its compounds by basic solution
such as sodium hydroxide or potassium hydroxide whereby they
react with aluminum ion Al*3 to form a white gelatin deposit which is
aluminum hydroxide AI(OH)s as in the following formula:

Al*® +3NaOH — Al(OH)s3 |+ 3Na*
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For example:
AICIl3 + 3NaOH — AI(OH)z + 3NACI

This precipitate Al(OH)3 dissolves when sodium hydroxide NaOH is
added because dissolved sodium aluminate is formed, it (Al(OH)3)
also dissolves when an acid is added because of the amphoteric
behavior
9 asggall LSy un Jia gaold Jglaa Aol gy LS B a i) (gl (8 LRAS
2 el ) (g8 AR agaial¥) () g 3 gall 030 o U Cun 2 gl gl S 5 0
Gl 138 ) Addlaall B miage g4 LaS AI(OH);3 assial) LS g an g Aidta
9SS oy NaOH  psd gl 2aiS g 38 (o 2 3al) Agl) dBla) die gl AI(OH)s
Solad) Cuew 4l Galaa Gaela ALl AN Godiy AdIAl agaagual) Clisagl)
St sdaY)

Q/How can test (indicate) of aluminum ions in solutions of
aluminum compounds?
A/ by adding basic solution such as sodium hydroxide or potassium
hydroxide to aluminum ion Al*3 to from a white gelatin deposit which
is aluminum hydroxide
Al*® + 3NaOH - AI(OH)3. + 3Na'
Aluminum  sodium aluminum

ion hydroxide  hydroxide
(White gelatin)
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Chapter Question

3-1 which of the following is not found in group 1A
AN B a3l il Y A paial) daa
A) :1Ga b) 13Al ) 12Mg d) sB
A/ (c)

3-2 Chooses from the bracket to complete the scientific mean in
the following 45 i jladl B alal) daall JaSila G gBl) (s (pa 54

1- What is the role of Aluminum for thermite reaction?

a) Catalysis b) reducing agent ¢) Oxidation agent
A/ (b)
2- What is the percentage of aluminum in aluminum bronze alloy?
A) High b) small c) 100%
A/ (b)

3- Gallium Ga is a member of group (first, second, third)?

A/ Third
3-3 completes the following statements

1- Aluminum reacts with acids to release hydrogen gas, while when reacts
with bases it release hydrogen gas and Aluminum _salt because
Amphoteric Behavior.

2- The effect of oxygen in air on Aluminum don’t lead to corrosion as in
the case of iron because of ............. s ooe BN, SN

ggmgégﬂ\ﬂhgﬁusﬂsuaﬂ @J&Ye}#‘ﬂgﬁ;b@‘w&jﬁu

A/ It forms a thin but firm layer of aluminum oxide, which sticks to
the metal and protect it from oxidation.

a0
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3-Heavy heating of Aluminum hydroxide gives .......... y eensennnes
(2 a gaial) e g gl Ladd) cpdial)
A/ Al203 , H20

4- Salt composed from potassium and Aluminum element called

S psial¥) g a gl gall (g pais (1o (98 e
A/ Alum

5-the Aluminum behavior when reacts with acids and bases is called
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3-4 explain the extraction of Aluminum and draw figure.

A) The hall process is the major industrial process for aluminum
extraction in the present time. It involves electrolyzing pure
aluminum (Al203) in molten cryolite bath at a temperature of (1000°c)
by using carbon electrodes.

Graphite

Graphite-lined
anode

tank (cathode)

1
Molten mixture Bubbles of CO,

of Al,O3 and
N a_gAlF(,

Al(l)

Alumina (Al:O3) does not occur naturally, it exists in ore of bauxite
(Al203.2H,0) with other impurities of iron and others.

The bauxite is chemically purified to exclude impurities to obtain pure
aluminum oxide (Al.Os3) (Alumina) which has a high meting point and
being melted in molten cryolite.

The molten cryolite decreases the melting point of alumina. The molten
then is poured in an electrolytic cell .As the current passes through,
aluminum accumulates at the bottom of the cell then the molten
aluminum is pulled gradually.
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3-5 select from list (B) what first each statement in the (A)

List (A) List (B)
1) An element with amphoteric behavior 1)Thermite
2) A reaction in which Aluminum reacts As 2)Alum

reduced agent and release high Heat energy that
dissolves iron.

3)Aluminum oxide 3) Alumina
4) Double salt of potassium sulphate and aluminum | 4) Aluminum
5) One element of group which is semi metal 5) Indium
6) Boron
Al
1 4 Aluminum

2 —— 1 Thermite
3 3 Alumina
4 —— 2 Alum

5 6 Boron

V/
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Chapter 4
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After reading this chapter , students are supposed to be able to:

Identify solutions and their nature.

Distinguish types of solution.

Understand solubility and factors affecting.

Identify some expressions for concentration, which are ratio and volume
ratio .

oD e

2 O e 138 Qullall ¢ 6%y Jualll) 138 A 3 (e s LgaiY) 2ay
sk g Jllaad) e Gt
Sl g1 680 c s L2
L lgad 8 sal) Jalgadl g sl LB agdy |3
dpanal) dpwil) g A0 dpil) A 9 JS AN o pladl) Gy o i aty 4
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4=1 Introduction

Solution is important in chemistry science with a great extent. Especially liquid solutions
because they are the medium for chemical reacting. Whereby they help to happen
interaction among reaction substances.

4=2 solution J slaal)

Q/ Definition solutions?

A/ It is homogenous mixtures composed of two or more pure substance. Having no
chemical reaction between them. The substance with majority in the solution is called the
(Solvent) and the material with less existence in the solution is called the (Solute).

Solute + Solvent = Solution

ol Jglaall (B3 3 5 5352 gall Balal) | (ilraS Jo i Lagy Gaany ¥ IS ) (pfidla (e (98 (puilaia Jald
(SI130) ALy 392 gall acd g (Guda)

4=2-1 Types of solutions Jallaal) £ o)

There are several Kinds of solutions, the most important and most common are liquid
solutions, i.e .... When the Solvent is liquid.

Such solutions can be prepared by dissolving a sold material in a liquid, as in the case of
dissolving salt (NaCl) in water to get the saline solution or dissolve sodium hydroxide in
water (basic solution) or dissolving liquid in another liquid , Like dissolving alcohol in
water . A Gas can be dissolved in a liquid such as dissolving hydrogen chloride (HCL) in
water. The resulting solution is called hydrochloric acid solution (acidic solution).

HCI H2o HCI

Hydrogen chloride gas Solution of Hydrochloride acid

o3 juiand Sar 9, b quiall (68 Ladie (gl , ALl Jallaal) Lo g W ST g Lgar] £) 50 Bas Jallaal)
9, psgall 1)l Jolaa o Juaadl elall & (NaCI) pladall ela 4003 Jia Jilea (8 dulia Babe 4030 Jallaal)
Jil B S ) g elall A Jgasl) AN Jiba B Jilu g) (53518 Jsla) slall B a g3 gaal) dpasS g 0 400
(s Jglaa) el ol g 0gl Gaala gl e g slall B (HCI) Coaooigd) ugls J& LA
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HCI

KOH

Sah solwon

Hasic solution

Acidic solatwon

There are other type of solutions such as dissolving gas in another gas like air or a solid
solution in another like various alloys, mostly coins and gold alloys in this chapter we
will only study liquid solutions.

Ls52]) 5l Jha S8 B 8 Lgda Jillaall 5 A £ 53 llia

o) Gaal] 138 (5 i pan o ) il g A iomal) 3 g8 Lt g ARVAAY eliluead) Jia caleas ( caleas Jglaa g
. Jad ALl Judlaall
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Types of solution

|
> |
[ First Second Third

liquid solution such as gas solutionsuchas solid solution such as

n ?ﬁllérclsl)solutlon 0 various alloys

basic solution _ .

acidic solution
(HCI) gold alloys

4=2=2 Nature of solution Sallaal) dagida

Names of solutions vary according to the amount of the solvent and the solute and also
the nature of dissolving process.

O Ades dagd gl Cudall g caldal) AaS Coaa 1Y g Lgtinand B Jallaal) Calids

Saturated solution: is the solution which contains a greater amount of the solute and
solvent cannot dissolve more solute of the given temperature and pressure.

A B 6l qudy ) gy ¥ Gulal) &) 5 Idal (e (San 3B ST g gag o) Jalaal) ga s adiall  slacal)
e biua g dasaa Bl a da e dis qildal) ¢
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Super saturated solution: when the amount of the solute is greater in any solution
that the solvent is able to dissolve it under normal condition.

Ao ) gl (B ATIH e cudall Sy 38 La Jslaall b caldall dpaS (5085 Laaic s adiall (360 J glaall

Unsaturated solution: is the solution which contains less amount of the solute that is
required for saturation at a particular temperature and pressure.

Lial) 95 ) adl da e die audill Lo U Aash) e JB Gildal) (e A o o gia) 13 spdiall o8 slaal)
JCpddad)

When the solute molecules ionize in the solution, it is called electrolytic solution the

solute can be strongly ionized when its molecules are completely ionized in the solution
like hydrochloric acid (Figure 4-3)

6.8 g Al (98 38 uldal) g Al g SN J slaally J slaall Glld die sy Jplaal) (B cldal) iy S (il Latie
(4-3) JSE1 &Ly 518 5 ) paala Jha Jtaall (b ol JSy ATy 3o (ki Lais

o Figure 4-3
) A strong electrolyte solute jonizes
/l completely in a solvent,
. HCl=H +Cl .
t-F - HCL —> H*+CI
o
or
or -
w
"
e o

The solute can be weak electrolyte , i.e. its molecules are partially , moderately or slightly
ionized like hydrofluoric acid.

oaala (e fan Aasy Ao 3 Ul g dali Ao ol Al @) ol i cal g i) Gdall 06y 38
Sl sth g gl

Like hydrofluoric acid, where by it slightly ionizes in the solvent, its ions are at
equilibrium with the non-ionized molecules in the formula, HF 2 H* + F

Reversed arrows indicate that the slightly ionized substance is at equilibrium with the
resulting ions.

iy ad) aa @) 58 Ala (B Al (68 9 culall (B han ALIB A g () S Cua el ) ol g pagl) (aala S

AUl il ) a0 s Al (8 T Al Balal) ) (i AaSlatial) agua) Alalaal)
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Non-electrolytic solutions: the compounds whose molecules don’t ionize at all such as
sugar or ethyl alcohol in water.

) Jsakl) 5 jSl) ia allaa culall B (5 Y Ll Sa A LS el a1 Al g S pad) Jallaal)

4=3 solubility 4l gl)
Q / define the solubility?

Is known as the maximum amount of a solute which can be dissolved in a given amount
of a specific solvent to result in a saturated solution at a given temperature.

¢ Al e / o
dslaa o Jganll (ra cuda (el aaa (8 Gl ¢ ¢Sy 4pldal) Balall (e dgas 8 Ly i jas Al 50
_Bajh.ASJ\JA&%JJASQ@&A

Solubility varies according to the nature of the solute and the solvent, temperature and
pressure.

Ll 95 Al daja g cudall glial) dagadal et (b o) A8 CalAS

The factors that effected on solubility.

4=3=1 Nature of the solute and the solvent:

When a small amount of table salt is added into water in a beaker, the salt crystals
dissolve slowly if the breaker is shaken; the salt crystals dissolve more quickly, whereby
the process of shaking helps to contact the surface of crystals with water even greater.
Because the process of solubility has to do with the surface which are exposed to
dissolution this is why we stir tea with a spoon when sugar is added.

s culal) g ldal) dagla
Ao GJ\S\J;hﬁ@gjlﬁéb#\Qﬁ;u@éJ\gééew\@Aabﬁyswgﬂw\g\.3\
ST A plally il ) hl) b dusadla ) 7 ) Asles (235 G ST A8y il glal) 95 ATl gaay

LA S pda g day Alalally sLAL 78 el Al A Gud) 13 | qugdaill prlanadly (el 3 AU oyl gdl) dalas (Y

Sugar powder dissolves faster than lumps of sugar because the surfaces of the powder is
greater than those of the lumps of sugar therefore, it is concluded that the more exposed
the surface of the solute in the solvent, the greater the solubility for the solvent.
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QAJ,\S\QJSg;Ld\QQ}MMU'AM\GM\GEMQYM\Q%QA&”\QJQM\JM
O de pu ) § cudall i mal) Gildal) pladl gdae 31331 LalS gmiiiad ), Sad) cilyaad mland)

For the solvent the nature of polarity determines its solubility. According to a rule which
says like dissolves like i.e. polar solvents dissolve polar solutes and versa it is worth
nothing though that in soluble substance ever dissolves. No matter how long they are left
in the solution or how hard they are stirred.

Q\UJSuaﬁ;&@gm\ga..a\s\]\uﬁ&%@JM&\@M\&J\M\M@%MMQM\
Jonsa pulal) g adadl) Qldal) culy (saladl) culal) o) !
Alda Jsb ) ey jail) B b cuilS Laga a9 Y La quuda (B (o g2l ALIE ) Balal) ¢ 48 jra (g 9 el (1

A=3=2 Temperature BIBENEESY

When a spoon of sugar is added into two glasses filled with liquid, one glass is filled with
a hot liquid and the other is filled with a cold liquid. Sugar in the hot liquid dissolves
faster than that in the cold liquid because the motion energy of the liquid molecules
increases making it more likely to collide with surfaces of sugar crystals, this is why it

dissolves quickly.

s 5lall da o L4l

Cra ABala Ldl 5 35k AY) g GALL Laadal Jil (e Ay glaaiia aS o Laga JS (5 giag Cplilaia puadd UAL 1)
UL a8 B el Sy B Ade il B gean gty AL a8l B cildal) Sl o Badli Laga JS B Sl

piliasi 5 b CLafia) (e A Laa dadli yall 3 ) jad) A o die 31335 Jilaad) il jad 408 jad) ABUal) o) Sl L8 qud) g
ALl Ae ju o selugd Sl al ) gl e Jilad) ciliy

A=3=3 Pressure izl il

3

The effect of pressure on solubility is best shown on gaseous materials whereby their
solubility increases as the pressure of gas on the surface of the solution increases. For
example in carbonate beverages, concentration of dissolved carbon dioxide CO:2 in the
liquid depends on the pressure of CO2 on the surface of beverage. When the cover is
removed, CO: pressure will decrease and making it less soluble, bubbles are formed and
move up in the liquid.
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S el Jakal) 30 5 LalS Lgriaily 03 30435 AN A 501 ) gal) Gl g3 B B - guda gy Jabual) Bl el ¢ oSy
Iaaina Jslaall B el COp ¢Sl S o) AU 358 55 )0 Ay ) iy g pial) (B Sia Jglaall peaa (38
LB J85 )X (8 COp hiaa (& dala 3 sllad i aie g (g Jlad) g piall has o bl COp biiua o

L 3 Qg ) B selati Y CO, el (g8 g 4dly g

Give the reason.
Q1/ We stirred tea with spoon when sugar is added into water?

Al/ because the process of shaking helps to contact the surface of crystals
with water even greater.

Because the process of solubility has to do with the surface which are
exposed to dissolution.

Q2/ Sugar powder dissolves faster than lumps of sugar?

A2/ because the powder surface exposed to water is greater than the surface
of sugar lumps.

Q3/ Sugar in the hot liquid dissolves faster than that in the cold liquid?

A3/ Because the motion energy of the liquid molecules increases making it
more likely to collide with surfaces for sugar crystals.

Q4/ Bubbles are formed and move up in beverages?

A4/ Because (CO.) pressure will decrease and making it less soluble.

4=4 Concentration of solution Jolaall 3.8 5

It has already been noted that a solution consists of two major parts. The solutes and the
solvent. Solution vary in the amount of the solute and the solvent. There are ways to
express these amounts and their relations to each other this relation is often referred to
Concentration of the solution.

9 el ilaaS dua (ha Jallaall GRS g cudal) g caldall Lad Gy ol 3 (e GsSh Jslaall f Udla LaS

ABal) 0ld (8 iy 5 pary Wuny LEBe g i) o (8 il Lgihaad 5 Sy (3ok it 5, g cudal)
Jsladl 3
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Concentration of the solution: it is amount of solute in a particular solvent or
solution.

Solaall o cudal) (e dma 48 A ol ) L 40) Ady a5 0Say 1] glaal) 3uS 8

The Concentration of the solution can be descriptively expressed the terms dilate and
concentrated are used to describe concentration of the solution.

ciua gl concentrated S« s Dilute cidda alhas asdioy g LS o) Ldaag Jglaall 5855 0 i) ¢ay
Jotaad) 58 5

Dilute solution: Solution with relatively small amount of solute.

el (pa Ly A8 4aS 5 giny o3 J plaal) 52 Ciidiall ) glaall

Concentrated solution: Solution with large amount of the solute.
Al (a B S e (s g (o) Jslanall ga S sall () slanall

A concentrated solution can be changed into dilute by adding a large amount of the
* solvent.

Agl) ariall (a ] e AdLaly Ciida Jgtaa 1 S sall () slaall 3y a3 (S

As high qualitative expression, concentration of the solution can be expressed in various
ways.

Agar) (3l ph Bany Jlaall S 55 e ) (iSay LaS el

4-4-1 concentration by mass percentage Sl 45 5ial) dpilly 38 3

It is the number of grams of the solute, which are dissolved in 100 grams of the solution.

Jslaall o al 2 100&9‘9.&‘;\3\ Gldal) cla) S 3e g

The percentage of mass ratio of the solute and the solvent is calculated as follows:

1l LaS Gunlal) g Guldall 40t 4 gial) dpedl) Cuasal
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Percentage concentration of

Mass of solut (mq ) x100%

solute = Mass of solution (mr)
(M)l Al et e o
0] P — Aalt
100% x ) d A il dall ANl Al
Mass of solution (mT) = m1+m2
Solute%s = Z5otute (1) 10004
mr
Percentage concentration of solvent = —essof solvent inz) 4350y,
mass of solvtion (mry)
0 (mz)_Ae;\.‘J\ PAKS A w . e - .
%100 x (T = el ) dpd)
(my)mass of solvent
Solvent%o = x 100%
(mg)mass of solution
Whereby —> (m1) refers to solute mass CH L
—> (m2) refers to solvent mass ” $
—> (mr) refers to the solution mass
(Total massed of both solute and solvent) (A)

mr=mi+m

Generally the mass percentage of any component can be expressed in the
following mather metical relation.

. t
Mass for any component of the solution = 225 0f component 45, L _
mass of solution Figure 4-8
Concentrated solution
') Dilute solution

| RVEN

) AL (my)

pal) AL (1)

(Gudal) 5 ildall AL £ gana) J slaall AL (M)
. sall A 58 AN o ill dpidaly ) Adpall IS O (S ple JSy

SRR . G veer 4
%100 :j:m:s = Jsbaall i gSa (e (8 (oY ) Al
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Example 4-1 what is the mass ratio of the solute and the solvent of a solution made of
15.3g of salt dissolved in 1559 of water.

L slal) B aS155 (8 Glda plakal) mha a215.3 (e (195a I staal qudall gl all A0S dpail) La 14 ¢ 45

Solution:
Mass of solute (salt) = 15.3g = ma
Mass of solvent (water) = 155g = m2
Mass of solution = mt = m1+ mg
=15.3+155
mt =170.3g
Mass percentage of the solute = Z—; x 100% il dall A0l Al
15.3,

= x 100%
170.3,

Solute % = 8.98%

Mass percentage of the solvent = =2 x 100%
T
= 2% 4 100%
170.3,
Solvent % = 91.02%

Exercise 4-1
A Solution is formed by dissolving 48.2 g sugar in 498 g of water what is the mass ratio of
sugar and water in the solution?

Solution:
Mass of solute (Sugar) = 48.2g = mz
Mass of solvent (water) = 4989 = m2
Mass of solution = mt=mi1+ m2
= 48.2+498
mt = 546.2 g
Mass percentage of the solute = Z—; x 100%

_ 482,

= 0,
546.2, X 100%

Solute% = 8.82%
Mass percentage of the solvent = % x 100% Cudall 4ty duall)
T

498
= 9 x 100%
546.Zg

Solvent% =91.18%
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Exercise 4-2

20g of hydrochloric acid is diluted by 80g of water. What is the mass ratio of the acid and
water in the solution?

A HCI (4 p20 Cisfiad s slally el 508 5 ) Gaala oo J LS 4 giall Ll qanea) 2-405 65
sl B 280

Solution:

Mess of solute (acid) =20 g =m
Mass of solvent (water) =80 g =m2
Mass of solution = mt = m1+ m2
= 420+80
mT = 100g
Mass percentage of the solute = ::—; x 100%
= % x 100%
Solute% =20%
Mass percentage of the solvent = Z_: x 100% Clall 1KY duit)
= % x 100%
Solvent% = 80%

Example 4-2
A sample of vinegar contains 4% of acetic acid by mass. How many grams of vinegar is

required to obtain 20 g of acitic acid.

S0 galinT a1 JA0 LoaS Lo LAY Ganla o 4% L e S o e (g siny JAD) (ha g sai 24t o
SR aala 20g o Juand

Solution:
mz1 =20g (acid)

mT ZJJH-‘ =Mvinegar

m solute

Mass percentage of the solute = ————— x 100%
m solution
4% =2% x100%
mr
2000 . .
T=—— — mr=500gof vinegar is necessary

4
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4-2-2 Concentration in volume percentage:

It is ratio of volume of each component of the solution compared to the total volume of
the solution multiplied by 100.

Aaaal) & glal) duailly 38 2-4-4
Ada B g paa Jlaall S aaal) ) Jglaall ciligha (a (y9Sa JS paaa A A g

volume of solute (V1)

Percentage of volume for solute = x 100%

volume of solution (V1)

VSO ute
Solute 9% = —=22<¥) 10004

solution (V)
whereby volume of solute V1 volume of solvent is V2, volume of solution is V1, total
volumes of solute and solvent (V1 + V2).
Generally, the mathematical formula can be written to express Concentration in terms of

percentage of volume.
volume ofcomponent

Percentage of volume for component = x 100%
9

o W)l 1 daaal) dundl
%100 x o L2 = il Gaaal 4

volume of solution

ale JSdug (V1+V2) qudallg iiall aaa Jiayg (V1) dstaall aaa (Vo) cuiadl aaa (V1) Gidall anad 3a
sl g giall ppaill dpdaly ) ddpall ST (Say

%100 X 0 = Jglaal) il gSa (ha (198 6 dpanal) ol
NEI

volume of solute (V1)

Percentage of volume for solovnt = x 100%

volume of solution (Vr)

Vsotute (v
solovnt % = —2¢¥0 10004
solution (V)

Units of volume which are commonly used liter (L) or milliliter (mL) or cubic centimeter
(cm?)

Conversions between these units are as follows:

1L =1000 mL
1L = 1000 cm?
1mL=1cm?d
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ey cmB ceSall jiaiiad) gl ML sildall o) L Al & ale dasidiciall aaall cilaa g o) S ol Ua 4y
slagin Lagh Jygal)

Cra aaal) Jagad Uag 13, 1000 = sy Allall 8 58 psual) Baa gl ) Al A g Sl aaal) Bas g Jygad die
IOOO&HEJN‘UJ‘JM\@JSJMSAAJ

1L =1000 mL
1L = 1000 cm?
1mL=1cm?3

Example 4-3
Calculate the percentage of volume for both acetic acid and water in a solution formed by

mixing 20mL of acetic acid and 30mL of water.

30mL s <Llil) (aala (e 20mL hld die G985 Jglaa A plall g chlil) (aala (e J81 Aaaal) L) Gasa)

sl (a
Solution:
volume of the solute V1 = 20mL (acid)
volume of the solvent V2 = 30mL (water)
volume of solution V1 = V1 + V2 =20ml + 30ml
V1 =50ml
percentage of volume for solute = ? % 100% = % x 100%
T ml

Solute % = 40%

percentage of volume for solvent = Z—Z x 100%
T

— 30m 0
= x 100%

ml

Solute % = 60%

(V) ana AW w o
[1) - = \ ‘
%100 Ve Dy cudall draaal) dadl
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Example4-4
What is the volume of ethyl alcohol expressed in ml that is required to be added into

water so that the total volume of the solution would be 50 ml and its percentage of volume
would be 80%

4-4 Jba
Aaesd 0388 ML 50 S Jslaall aa muad slall 4%l o 3¥) (ML) SAldally JE5N) Jsas J slaal) paa e
%80 dzaaal)

Solution:
percentage of volume of component = % x 100%
T
80% =2t x 100%

_ 80x50

\Y
'~ 100

= 40 mL of ethyl alcohol is required

Exercise 4-3
It 80mL of pure water is added to 20 mL of sulfuric acid what will be percentage of
volume for both sulfuric acid and water?

Solution:
volume Of the solute =20 mL = V1
volume Of the solvent =80 mL = V2
volume Of solution V1 =V1+ V2
=20 mL + 80 mL
V1 =100mL

Solute % = 22 x 100%
100

ml

Solute % = 20%

Solute % = 2%mL » 100%
100

ml

Solute % = 80%
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4-3-3 Expressing concentration by mass / volumepxal) / sl 5.€ Al

Sometimes, concentration is expressed by mass unit of the solute (gram) in a given
volume of the solution (liter)
the unit for this kind concentration is (gram/liter) (g/L)

mass of the solute (m)
volume of the solution (V)

Concentration (g/L) =

38 Ban g (1985 g (LAULY) Jolaall (e Cpma paa B (el ally) caldal) ALS B g3 38l o lal) gang A iny
(A p18) g 381 ¢ g 5

1Al (7)) LS . e
plAlGn) el A5 = (A al2) 381

7100 x e =

It is worth noting this expression of concentration itself is the definition of density which
is the unit for volume mass. If density is symbolized by the Latin character (p), mass (m)
and volume (V), therefore, density is expressed by the following relation.
A8 U Jay 138 o gaad) ALS Baa g A (Al g ABUSY Ciy o dadl g8 38l (e panil] 138 0 LA JSAL pasd) e
ABMally i ABUSY Ale g (V) aaally (m) Al (p) 990 A dialy

(e )iy A/ daigt)

(et
_m(g)
V(L)
Density (g/L) = —V:"lijzsga)/)

_m(9)
pla/L) =7
Other units can be used for volume like (mL) or (cm?)

Can) Sf (Ja) Jin aall AT Baag (o) aladiad oSay
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Example 4-5
5 grams of copper sulfate are dissolved in 0.5 L of distilled water. Calculate the

concentration of solute in the solution with g/L unit.

g/L Jstaall A Gldall 38 55 ual jhaiall slal) (e 0, 5L 3aball & (uladll Gy S (0 5 g

Solution:
concentration (g/ml) = :/n(ff.]z)) = Oifm =10 g/ml
Example 4-6

calculate the mass percentage of methyl alcohol in a solution containing 27.5 g of methyl
alcohol and 175 mL of water and assume that density of water is 1.00 g/ mL

LS (2 B slall b 175 ML 5 Jdall JsaS & 27.5 g Ao ssia Jstaal Jial) J sast A0S Lpnadl) Guna]
1.00 g/ mL skall

Solution:

_m)
p(g/L) =S

19/p= 22 _m@=1gmix175mL=175g

Mass of methyl alcohol m1 =27.5¢
Mass of water m2 =175 g
Mass of solution mt =m1 + mz
=275+175
mrt =2025¢
Mass percentage of methyl alcohol = ;"1—; x 100%

27.5g

2025 g
=13.6%

methyl alcohol % = x 100%

Exercise 4-4
what should be mass of sodium hydroxide dissolved in 1 L of pure water in order to
obtain a solution with 0.5 g/L concentration?

Miay Jglaall B Lgda 38 55 o Jguandl jhiall jlall cpa S (8 Lghald) a D)  gad guall daaiS g pa0 AL La
0.5g/L

Solution:

concentration (g/L) = _1; ((Lg))

59/1)="2 - m(g=05(@
m = 0.5(g)
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Exercise 4-5
KCl is 5.80% by mass in solution calculate mass of KCL in 0.337L of the solution.
(Suppose that density of the solution is 1.05 g/L)

LS a yid) |, Jolaal) B 0.337L A 335254l %5.80 i<l KCL 4o Jolaa 2 KCL AL G
1.05 (g/mL) b J slaal)

Solution

mass of solution

Density of solution = -
Volume of solution

1.05 (g/ml) = —=selution___, my iution = 1.05 x 337 = 353.85 ¢ Jstaal) AlLis

0.33724% 1000;"71

e iy g g/ml Bas gy Cudae ) ABUSY (N M| Bas g ) 4L gail 1000 = 0.33 anad) G 8 Ua ¢ Aiadla
AT g Agliia aaal) Cilaa g

Msolution = 353.85 ¢ = mT

KCL% =2 x 100%
mT
5.80%6 = - x 100% — ml =202 — mye =20.52
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CHAPTER (4) QUESTION

4.1 Write a definition of the following terms. 4 clalhaal) (i 25 i)

1- Solution: it is a homogenous mixture composed of two or more pure substance having
no chemical reaction between them.

2- Saturated solution: is the solution which contains a greater amount of the solute and
the solvent can dissolve no more of solute at the given temperature and pressure.

3- Electrolytic solution: the solute ionize in the solution.

4- Concentrated solution: solutions with large amount of solute.

5- Concentration by mass percentage: it’s the number of grams of the solute which are
dissolved in 100 grams of the solution.

6- Concentration in volume percentage: it’s ratio of volume of each component of the
solution compared to the total volume of the solution multiplied by 100.

7- Solubility: the maximum amount of a solute which can be dissolved in a given amount
of a specific solvent to result in a saturated solution at given temperature.

8- Dilute solution: its solution with relatively small of solute.

4.2 [/1/] which answer is true example for solid solution?

a- Juice b- Coin c- Salt solution

/] 2 /] what is the definition of weak electrolyte solution?

a — If solute ionize completely in solvent.
b- If solute not completely ionize in solvent.
¢ - If solute fast ionize in solvent.

/1 3 I the solubility of the sugar in hot water is faster than cold water. What is the main
reason of this?

a— The energy of water molecule reduces under high temperature.

b — The energy of water molecule increases under high temperature.

¢ - The energy of sugar molecule increases under high temperature.
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/I 4 /] How can we convert concentrated solution to dilute solution?
a — by the help of increasing concentrated of solute.

b — Heating solution.

c- By the help of adding much more solvent to solution.

4.3 Compare the following terms:

a- Dilute and concentrated solution.
b- Weak electrolyte and strongly electrolytic.

c- Super saturated and unsaturated solution.

Dilute solution Concentrated solution

Solution with relatively small amount of
solute

Solution large amount of solute

Weak electrolytic

Strongly electrolytic

The molecules are partially ionized in the
solution.

The molecules are completely ionized in
the solution.

Super saturated solution

Unsaturated solution

When the amount of the solute is greater
in any solution that the solvent is able to
dissolve it.

Is the solution, which contain less amount
of the solute that is required for
saturation?

4.4 There is 19 g dissolved matter in 158 g solvent find mass percentage of the matter?

Solution:
mr=mi+m2=19+ 158 =177 g

Matter % = =X x 100%
mr

=296 » 1009% = 10.73%
177 (g9)

07704370050 :LL, ,.
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4.5 5q of copper sulfate is dissolved in 20g of pure water: calculate mass percentage of
solute and solvent?

Solution:
mrt=mi+mz
=5+20=25¢g

Copper sulfate (solute) % = = x 100%
T

_5@ of = 500
25(g)XlOO/o 20%

Water (solvent) % = =2 x 100%
T

:Mx 0] = [0)
25 (a) 100% = 80%

4.6 How many liters of water is needed to add 10 g of Potassium hydroxide to obtain a
solution with 2.05 g/L concentration?

€(2.05 g/L) 38 dstaa o Jantl a ganilli gal) LS g 508 (a 910 ) Adblial a1 jhaal) plal) aaa La

Solution:
; _m(9)
Concentration (g/L) = YO
_1log __10g _
2.5(g/lL) = o = V= 2050 4.87 L

4.7 1f 25 ml HCL and 75 ml water are mixed what will be percentage of acid and water
by volume in the solution?

Solution:

VT=Vi+ V>
=25+75=100 ml

HCL% =1 x 100%

_ 25ml
~ 100 ml

x 100% = 25%

Water % = ? x 100%
T

_ 75ml
100 ml

x 100% = 75%
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4.8 Calculate the mass percentage of Nacl in the solution if 15.3 g Nacl and 155.09 g
water are mixed.

Solution:
mrt=mi+mz

=15.3 + 155.09 = 170.39 (g)

Nacl % ™ x 100% = —>39)_« 10004 = 8.98 %
mr 170.39 (g9)

4.9 A solution is prepared by dissolving 27.5 g of methyl alcohol in 175 ml water .

Calculate the concentration of the solution in g/L.
8L 175mL B e Jiial) J5aS 00 27,50 Ao (s 580 Jslaal jill) / analdl Bas oo 508 Al Guasal
: Jall
1000 Ao el | A mL 3aag ¢ paal) Jgad

Solution:

Concentration (g/L) ==& = 2729157 14 g/,

vV
Q) 1000 mL/L

4.10 A sample of water is taken from the Habbaniyah Lake. Assume that it contain 8.5%
carbon dioxide what is the mass of carbon dioxide in 28. 6L of the lake water? (Density of
the lake water is 1.03 g/mL).

L) AGALS A La 0 g SN Bis) A (e AL, 08,5 (5 giat dilal) B ey (e B3 gaka slall (e Al
(g/mL 1.3 Jslaal) 43S) Al Jelaal) & 131 28.6 (& Qs

Solution:

Density = m\@)solution

V solution

_  msolution : " TN .
1.03 g/mL = 28.6Lx1000mL/L 1000 ¢ o sl () A G p2al) d g

m solution =1.03x%28.6x1000 = 29458 (g) Jstaall Akis

CO2% = —2%2_ % 100%

m solution
_  mcoy _ 29458x8.5 -
8.5% = 70158 100% — mco2 = T 2503.93 g
116
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4.11 Mass percentage of sugar is 11.5% in juice also juice contain 85.2 g sugar what is
the volume of juice (Solution=1 g/mL)
Solution:
Sugar % = = x 100%
mr
85.24

11.5% = x 100%
MT(solution)

85.2 x100 =740.87 g

11.5
mass of solution

Density =

mr =

740.87,

— 1g/mL =

volume of solution Vsotution

Vsolution = 740.87 mL

4.12 What are the factors that effect on solubility

Cagie 2l 9 JS 7 sl ¢ Auilysll) o 55 AN Jal gall AL

1- Nature of the solute and the solvent.

For solute, solubility increasing when shaking and stirring, and if the if the solute is
powdered.

For the solvent, the polar solubility dissolves in the polar solvent.

2- Temperature: solubility increases in the solvent by increasing the temperature.
3- Pressure: solubility increases as the Pressure of gas on the surface of the solution
increases.

4.13 Calculate the mass percentage concentration of the following solutions:

a- 10.2 g Nacl 155 g of water.

b- 48.2 g sucrose in 498 g of water.

c- 0.245 g acetic acid in 4.91 g of water.

Solution:

a-mrt=mi+mz2=10.2 + 155=165.2 g.

Nacl % =™ x 100% = —>29 x 100% = 6.17%
my 165.2,
Water % = ™2 x 100% = —29 x 100% = 93.83%
mr 1652,
b-mt=mi+m2=48.2 +498 =546.2 g.
Sucrose % = ™ x 100% = —229 % 100% = 8.82%
my 546.2,

Water % = ™2 x 100% = —229_ x 100% = 91.18%.
mr 546.2g
C- M7 = M1+ m2 = 0.245 + 4.91 = 5.155 g.

Acetic acid % = ™ x 100% = 22239 x 100% = 4.75%.
my 5.155

g

Water % = ™2 x 100% = —229 x 100% = 95.25%.

my 5155
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4.14 Find mass percentage of sugar, which contain 309 g water, and 45 g sugar?

Solution:
MT = M1 sugar + M2 sugar

=45 +309 =354 ¢

Sugar % = ™ x 100% = =9 x 100% = 12.71%
mr 354 (g)

4.15 The mass percentage of NaCl on Ocean water is 3.5% HOw many grams of NaCl
can be obtained from 474 grams of Ocean water?

Solution:
Nacl % = —1aeh) o 10004
mry (solution)
3.5% = L x 100% — m=232X"-9g59g
474 g 100

4.16 Find the volume of alcohol in milliliters present in the following solution :

1- 480 ml of solution containing 3.7% volumetric percentage of the alcohol.

Solution:

Solute % = —selute % 100 %

solution

Valcohot X100% 3.7 X 480
—_—_— e V =
480 ml alcohol 100

3.7% = =17.76 ml

2- 103 ml of solution containing 10.2% volumetric percentage of the alcohol.

alcohol x100%

vV 10.2 X103 ml
10.2 % = Valcohol = ——————

=10.506 ml
103 ml 100

3- 0.3 ml of solution containing 14.3 % volumetric percentage of the alcohol.

|74 x100% 14.3 X 0.3 ml
14.3 % = —alcohol 777 - Valcohol = —————— = 0.0429 ml
0.3 ml 100
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4.1 7 How many grams of KCL is present in each of the following solution ?

a- 19.7 g solution consist of 1.08 % solute by mass.

b- 23.2 kg solution consist of 18.7 % solute by mass.

c- 38 mqg solution consist of 12 % solute by mass.

Solution:
a- Solute % = ™ x 100% — 1.08% = -~ x100% — mi=021g
mr 19.7
b- Solute % = ’;—; x 100% - 18.7% = m";ﬁ x100% — m1=3384¢g
c- 12% = % — 12% = m:;::% —  MkcL= % — mkcL = 0.00456
1000 mg/g
g

4.1 8 fill in the blanks:

Substance | Mass of solute | Mass of solvent| Mass of solution | Percentage of component
A 155¢ 238.1¢
B 22.8¢ 12%
C 193.3 ¢ 21219
D 3152 ¢ 15.3%
Solution:

A- mt=155+238.1 =253.6 g.

0% = my 0% = 15.5
Solute% o x 100% 533

B- Solute % = =
m

T

=190g Jslaall dlis

22.8x100
12

M2 =190 - 22.8 = 167.2

mr =

C- mr=mi+me

x 100% = 6.11%.

x 100% — 12 % = 2:1—8 x 100%

T

culal) A< = Mass of solvent = mp

212.1=m1+183.3 > m1=28.8g <l il

Solute% = =t

x 100% = 228 % 100% = 13.57%.

mr 212.1
D- Solute% = ™ x 100% — 15.3% = :22 x 100%
mr mr
_ 31.52x100 _
mr= 222220 = 206 g
mr=mi+m: — 206=m1+31.25 — mi=177.48¢Q il dli
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Substance Mass of Mass of Mass of Percentage of
solute solvent solution component
A 155¢ 238.1¢g 253.6¢9 6.11%
B 22.8¢ 167.2 ¢ 190 g 12 %
C 28.8¢ 183.3 ¢ 212.1¢ 13.57 %
D 174.48 g 3152 ¢ 206.0g 15.3 %
4.1 9 Fill in the blanks:
Substance Mass of Mass of Mass of Percentage of
solute solvent solution component
A 2.55 ml 25.0 ml
B 4.58 ml 3.8%
C 1.38 ml 27.2 ml
D 23.7ml 5.8 %
All
Vsolution = Vstate + Vsolvent
=255+ 25
=27.55ml

% Solute = —ZSelute » 10004

solution

2.55ml
= X 0
27.55ml 100%

=9.255% =~ 9.26%

B/l
% Solute = —>2_ x 100%
solution
38% = —22 % 100%
solution
Vsolution = 43—5;3 x 100%
=120.5ml
Vsolvent = Vsolution N Vsolute
=120.5-4.58
=115.94 ml
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cll
Vsolute =27.2-1.38
= 25.82 ml
% Solute = 22 x 100%
=5.073 %
D/l
5.8% = 2::,1 x 100%
Vaoluton = == x 100%
= 408.62 ml
Violwe  =408.62 -23.7
= 384.92 ml
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 Chapter 5

aasl M 5 H_olic
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At the end of this chapter, the studying is able to:

1-l1dentify the location of group IVA in the periodic table and the names
and symbol of its elements.

2-Know the general characteristics of group 1'VA elements.

3 — Write the electron configuration for the silicon atom.

4-know the occurrence of silicon n nature and its importance.

5- Understand the process of preparation industrially and in laboratories.
6-Recognize the physical and chemical properties of silicon.

7- Recognize the natural and industrial compounds.

10 Ao 18 llall 65 Jaadl) 138 Al 33 (pa LYY day
W palic jgay g slend g g ol Jgaad) B8 a3l adge i oy -1
Bl paliad dalal) cliial) (e Ao dasy -2
- CsSlead) B S5 SN Gl 1) 4183
A g dagadal) (& ¢ gSaliad) a2 g (Ao i risd
el b it ¢ sSilud) judaad 448 agds-5
Ailasl g Ay 3l dusl g e i i 6
s lkal) g ddal) ¢ gSalaal) LS ja o a7
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5-1 Group IVA elements:

Group IVA consists of the following elements:

1- Carbon (C) 2-silicon (Si) 3- Germanium ( Ge) 4- Tin (Sn) 5-lead (Pb)

1L
1A

VIliA

| 3 £ -
2 LA " 15 18 b
H | na

mA VA YA via via | He
| Li | Be B|CYN|O|F |Ne
‘Na >-“E iB B Ve Ve Vim l‘:‘ Vit 2 slAdlgErlsiala

| ‘ \ i . .
K| CG|S|Ti|V]|C| Mn | Fe| Co| NI | Cu| Zn| Ga| GeJ As| Se | Br | Kr
|

Rb| Se| ¥ | Zzr [ Nb| Mo| Tc | Ru| Rh| Pd| Ag| cd| In

Sb| Te| I | Xe

sn
Cs | Ba|La| Hf| Ta| W[ Re| Os| 1e | Pt | Aul Hg| ™ | P8 Bi | Po| At| Rn

Fr| Ra| Ac| Rf| Db| Sg| Bh| Hs | Mt | Usn| Cuu| Cus

5-2 general characteristic of group 1VA:

Group IVA is more various and numerous in the characteristics of its
members than other groups in the periodic table.

@ G AY sl A b palic cliiall b ot g WA e 31 ST Ll 3 e 3l 038 il
s Jgaad)

1- The members of this group show a clear tendency to transfer from
the nonferrous to metal characteristic as we go higher to lower in the
group, i.e. as the atomic number increases. Carbon is nonferrous,
silicon and germanium are metalloid and tin and lead are pure
metals. Thus, tin and lead have the physical characteristic of metals
such as high density, and thermal and electro conductivity together
with bright color and high malleable and ductile prone. The melting

and boiling point of group 1V elements also decrease as we go from
the top to bottom.
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Cro LML) LalS 453080 ciliaall ) 45000 clial) cre Lol g YWD jgdis W palic -]
OsSelad) 5 asslajall, B Y e Sl L oM axadl 3ol o) Wi gad 3 a3l oY)
Al 38 Glia Lgie JSI (ala ) g pudalll A8 ) 38 ala ) g bl | <l 18 sl
Olaalll g canadly 3okl Alid g ol ol Al Juagilly dgllal) ABUSH Jia <) 8N

il (1) 8 3300 A (e JEINL B a3l ualind jlguad) g lalad) da o J5 | Clallad)

2- The elements of this group are also known to have four valance
electrons in their outer shells. They need to gain. Lose or combine
four electron to reach the stable. Electron configuration. Due to the
difficulty of gaining or losing four electrons via making covalent
bonds to reach the tetra_ oxidation case (+4) in fact. Silicon and
carbon compounds are actually covalent compounds of tetra
_oxidation.

O ) pliad Ll Cua AJAl e B g sl day )i LgSSlialy B e 31 B8 Ll -2
Lgualy  Alwa g8l il ) Joasll clip < day b pblad g 2B g CundSS
il g i) Aag jl A jLiall ) i 3 a3l 0da ualie b il g sl day )i ibudiS) g )ad
O A8dal) b (+4) swaiall Aol sl Ala ool Laalidi ) gf (985 31k 0

Al 2l Alla I3 bl LS 0 (2 (S g @ gSalaad) LS e

3- Germanium tin and lead on the other hand, combine to make ionic
and covalent compounds in the ionic compounds, only two electrons
are lost to make Ge, Sn and Pd. The elements of this group weather
metalloid or nonmetals, have low level of activity they react with the
nonmetals such as oxygen but they need heat to do so.

Sl pal) B e gl 9 dpealad @lS e S pabally pauallly o gailasall -3
o) A AN clbal) cld Lgia o) g B a3l oda pualic () Jald oy ) faBd a5y A )
Fliad Ly CpamS ¥ Jia il M aa Jo Ui g8 ddad A lad 430000 cliual) il

Ly 80 )

Q / explain the reason
1- Elements of the (1) group tend t share four electrons?
i g A sl AS jldial) 1 Jal dag) 1) 3 a1 jualie -
A | because there are four electrons in the outer shell and the
difficulty of gaining or losing four electrons.
o) Eh o) GluiS) 4 grual (a9 (o AL AN B g Sl aa ) A9 9 e /
.Z\SJW‘ LQJ‘M(;CA&MQHJJm‘
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2- The elements of the (1) group tend to form covalent bonds and the
state of oxidation (+4)?
$(+4) Sl A g Adpadlidi yual g) (3 985 AN Ja Aat) 310 3 g 1) jualic -2
A/ because they tend to participate with the four valence electrons and
make (+4).
J(F4) ligy) G dmy ) 8L il g Sl AS Ll ) el WY / 7

5-3 silicon:

Chemical symbol: Si

Atomic number: 14

Mass number: 28

Shell symbol | Shell number | Electron number
K 1 2
L 2 8
M 3 4

The Figure 5-2 show the electron configuration of silicon. It shows
that silicon has four electrons in its outer shell. As it is so difficult for
an element to gain or loss four electrons to form compounds, most of
which are covalent silicon compounds. Its valance electrons are four.

) o iy Adl sedhy G O el puaind (g AN i AN (2-5) JSAN G
oSy g il g sl day ) 388y o coal) (e 4] Lagg | AR ABE b el g sty
oSl LT (9 9 Aab Ll (¢ gSabal) S pa S () 58 Lgd o Ly Gl
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5-3-1 Occurrence in nature:

Silicon is the most abundant element in the earth s crust after oxygen. It
constitutes more than quarter of the earth s crust, approximately 28%. It
occurs mostly in combination with oxygen in soil or as various forms of
sand and clay deposits. It does not occur as a pure free element in nature. It
is most widely distributed in rocks as silicon dioxide (Sioz). It is in the form
of quartz and sand. Silicon has two main forms; the first form of silicon is
crystallized of dark brown color. The second form is non-crystallized of
dark gray color. The crystallized form is less active than non-crystallized
one. Both forms have a formula similar to diamonds.

5 Gl gy con ST JS s S S 32y 2 ) 5 4B B 1 LAK Y1 puaiall (gLl
JUi e g Al (B cpans oY) pa 1aata (ke LIS Eum 280/ (M) e Ay Apia )
Al Ala o )duall b aa g it daglal) ) s pShad) 2 g YL dulay 5 Ak il 5
GsSabuall | Jallg 598l (8 o g o g Sl califa cuS 5 8 JA g & sSlual) 2paS
O5Ss Wab g Bshiia 1 s AV Bald (s (G samnall (g (19 L B shita Labaal (1) g
o g (5 el IS 5 s i) o Aol B e 555001 5l st 5 pcadl (351
sl

A- Preparation in laboratory :
Non-crystallized silicon can be produced by heating potassium element
in silicon tetra fluoride (SiF4) according to the following equation:
SiF4 + 4K - Si + 4KF
The crystallized silicon can be obtained by melting silicon in aluminum
then cooling the solution. Finally, silicon crystal can be separated from
the solution.
T A 0 juand
g 0 sSelond) 3 old oLy a0 52 (B pamalind) Gy ) sliia yadl O sSilad) juany
85 a5 gial¥) pguaia (b ¢ gSalaad) A0y pudany ) eliall ¢ sSalunal) Lol Afluad) Adskaall
dtaall ge ¢ gSabiad) ok Jualll Cua J glaall
B-Industrial preparation:
Silicon can be prepared industrially by reducing silica using high
temperature and carbon or magnesium (figure 5-4) as a reducing
element, as in following equation

Si0, + 2C 5 si + 2CO1
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5-3-3 Properties of silicon:
A- Physical properties

Silicon is a metalloid. It is a very rigid element, with a high melting point
of approximately (1410°C)

It has a gray color and a metallic luster. It is also a semi-conductor. Due
to this property, it is used in manufacturing of electrical devices and
applications and also in computer industry. In addition, it is used in
manufacturing solar cells. Which convert the solar energy into
electricity

Sl ol sa

iy ) (a3

(1410°C) 4l Jlgual) da 0 4| I aha wais gag . AN sladl (e ¢Sl
dclia 8 dpaldl) o2 (e iy 5 Al g8l L G ga dnds g g, (Adra (B30 0 sgdaal
Al Ladd) LAY delia B Qi y A g fSY) cilaadad) g 4l g <l il gall 9 3 3¢aY)
Al g ) Lpwadil) ABUlY ) gas

B- Chemical properties:

Silicon does not react with most acids. It melts in aqueous solution of
bases according to the following reaction:

Si + 2NaOH + H20 — NaxSiOs + 2H>
Silicon is very reactive with chlorine as in the following equation.

Si + 2Cl; - SiCl4
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‘.,MM
Si + 2NaOH + H20 —»Na2SiOs + 2H>
Aldlaall B LaS 51 ol o Jlad ¢y sl 39555
Si + 2Cl, >SICly

Silicon is not prone to react at room temperature. It reacts at (950°C).
Silicon and its natural compounds (silica and silicate) are not poisonous.

(950°C) ais Je iy 4d) V) Lok ¥) 51 padl cila ol die ¢ sl ¢ gSalaaad) il Y
Al e (Sl g Sl dagdal) 45U a9 ¢ gSelaadl

Q/ Give the reason:
Silicon is used in manufacturing of electrical devices?

A / because it’s semi-conductor.
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5-3-4 Uses of silicon:
Silicon has a wide variety of uses. It used in:
1

Electronics industry, electrical appliances and in manufacturing
solar cells.

Melt bars used in different industries.

Glass, cement and ceramics industries.

Organic Silicon materials which are very important commercially in
the production of oils and plastics.

R

OoSalial) Jlantion)

sl dal g claddiiad ¢ sSabualt

Lpsadd) LAY A g ALalSiall il gall delial 41 g i) deliall A -1

Adlida cleliall 8 asdid Al i) & -2

el ) 9 lacd) g zla diclia gﬂ -3

L) g g 3 L g A lail) Al cld Ay guand) 435 sabaad) 3 gal) dslia b -4

5-3-5 silicon compounds
Silicon forms a great number of compounds such as:
O5Sd) LS ya
Lt SA5 sl Lt 55 (Al LS jall (o S 220 llia

a- Silicon compounds with hydrogen silicon hydrates (silane)
(OoSead) Sy G g pgd) aa O pSalandd) LS 10
These compounds consist of silicone and hydrogen. SiHs is an
example of such compounds. It’s prepared by the reaction of
magnesium silicone Mg.Si with the acids such as hydrochloric as
in the following equation:
Mg.Si + 4HCI - SiH4 + 2MgCl.
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O S pall 1 pdany g SiHY, Leda (gl g GuSilaad) (e 9858 LS ja A
sl sl paalas Al (sl gadl e M QoS p gaediall sl Jo S

Hydrates are so active compounds. For example silicon (1) hydride
burns spontaneously in atmosphere and forms silicon dioxide and
water as in the following reaction.

b- Silicon compounds with oxygen:

1- Silicon dioxide (silica) SiOa:

It occurs in nature as pure silica such as quartz and flints.

They are highly solid substances and are used in cutting glass and
scratching steel, the other form of silicon dioxide (silica) (SiO2) is the
impure silica such as sand and clay it contain different quantities of
Impurities which give it a wide range of different colors.

(s 9¥) e G oSldd) LS 0 -
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The most important properties of silica are:

a

It is not reactive when reacts with chlorine, bromine, hydrogen or
most of acids.

SiH4 + 202 — SiO2 + 2H0
It reacts with hydrofluoric acid and bases.
It reacts with oxides or metal carbonates by high heating. The
resultant compounds are known as (silicates)
Silica gel is mainly used as a drier due to its large surface and
great ability to absorb water.
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Q/ explain the reason:
Silica jel is mainly used as a drier?

Al because it’s large surface and great ability to absorb water.

2- Silicates:
Silicates occurs so widely in nature.

clsbad)-2
_@H\@MUSJMQLS;\M\M
Among other types of silicates. Sodium silicate is the most widely used it is

soluble in water and its concentrated aqueous solution is called *"water
glass" or (liquid glass)

ISl Al L plae il g plall B ol g2 ALY 2 500 gaal) Sl & L) g1 g0 iS]
(@2 sla) (pam

It is commonly used in various industrial fields such as providing passive
fire protection for textiles and papers. It is also used as a cheap adhesive.
Cement can be strengthened by mixing it with sodium silicate in order to
be used in buildings.

Bala Allaxical g (Al (o (3 901 9 AdiadY) (lamy Alan Jia Adlida Lo lia c¥laa (B addicy
DAY A gE Culad) pa Adaldy pUi) 8 Allaxini g Aaid ;) ddaY
Q/ what are the uses of water glass?
A/ 1- providing passive fire protection for textiles and papers.
2- A cheap adhesive cement can be strengthened.
3- used in buildings.
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C- Silicones

These compounds are organic compounds of silicon. They are not
poisonous and are very stable along a very wide range of temperature
variation silicon oils are the most important of these compounds. They
make the surface anti adhesive and moisture and are used to cover the
roofs of buildings. (Silicone rubber). It maintains flexibility at a wide
range of temperature variation. It is used in manufacturing of molds
and as a sealing substance in baths. And kitchens. Silicone resin is used
in electrical insulation and in making construction materials. Water
proof, too

oAl clasd (e puly e o BTy dabu € (oSbuall 4y glae LS 0 (A
S Buail daile Aok sl Jdo diual Lol diat AN g Shidl Cig Lgaal
aly s (B O Aug eShd) Bidaa g Ll g A £ gl Jia Ay gk Ul Baliaa
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Q/ what are the typed of silicones?
A/ 1- Silicone oils.
2- Silicone rubber.

3- Silicone resin.
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CHAPTER FIVE QUESTIONS

1-write the following reactions.

1) Magnesium silicide and hydrochloric acid.
A-

Mg2Si + 4HCI - SiH4 + 2MgCl:

2) Magnesium and silicon dioxide.

A-

2Mg + SiO2 — Si + 2MgO

3) Silicon dioxide and carbon>

A-

SiO2+3C - Si +2CO

2-wrute electron configuration of following elements and ions:
Si and Si*

A-

14Si 182 252 2P® 35?2 3P?

14Sit4 182 252 2P® 330 3P0

3- Where are silicon and its compound used?

Write six of them. oSt etlantin) Cow 23
ALS a9

A-

1) Electronics industry, electrical appliances and in manufacturing solar
cells.

2) Metal bars.
3) Glass, cement, ceramics industries.
4) Organic silicon materials.

5) Quartz and flints are used in cutting glass and scratching steel.
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6) Water glass used as providing passive fire protection of textiles and
papers.

4) How can silicon be prepared in laboratory, explain by chemical
reaction?

A-

Non-crystallized silicon can be produced by heating potassium element
in silicon tetra fluoride (SiFs)

SiF4 + 4K - Si + 4KF

The crystallized silicon can be obtained by melting silicon in aluminum
then cooling the solution. Finally silicon crystals can be separated from
the solution.

Q5/ Complete the following:

1- There are two types of silicon dioxide (silica) in nature, first on pure
AS teeiieiiniennes ) 1 Ui And non-pure such as

(A) Quartz and flints

Sand and clay

2- It can be prepare ................. From extreme heating silica with
metal carbonate or metal oxide.
(A) Silicates

3- The elements of the fourth group has common oxidation

(A)
Al AaSUl) e Aol ) B e H) ualind o
4- The oxidative state ......coeevuee is more stable in carbon and silicon.
O5Shadl 5 gl A B tiea (4983 Agacusial) Allat)
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(A) Tetra
oxidation (+4).

5- The silicon react when it heated to (950°C) with oxygen or aerated air

(A)Silica and silicate.

6- The most the characteristics in group IVA ...........cciinneen... When
we move from the top of the group to the bottom in this group, also
the elements of this group .......c.cceevviennnnnnnn. Decrease as we move
from the top to bottom.

SIS 85 5 Lgdhad ) B a3l o) e WIS LalS L ........... Slieal) 343
a3 Jad (N A G e CUASHT § Lglda Uiy

(A) Transfer from the nonferrous metal Melting_and boiling points.

7-silicon has two main forms, the first form of silicon is .....................
has ...ccovvvvvnnnna Color, the second form .................. , and has
...................... color

(A)

Crystallized dark brown

Non-crystallized  dark gray
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