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Chapter one
JsY) Jaadll

Atomic Structure for Matter
salall (g A S Al

1 — 2 Evolution of the concept of the atomic structure : -
SN bl pggan jglas

Solid Sphere model or 1 - 2 - 1 Daltonls MOdeI - L)}*-”J CJ}‘U

Bowling ball model

Q / What is Dalton's model of atomic structure?
Dalton perceived an atom as a hard indivisible
sphere, and that these atoms are connected through
Figiire i-1 simple methods to form combined atoms.

Dalton’s Atomic Model Al Al o il Chﬁ"j sl e
Baste Gl Y sSl Aasan (3 ks Alate <A o3 5 (R0 Al ALE e Aala s S5 HAN o glly el
1-2-2 Thomson's Model : - Ogemogh Z3ga)

Q / What is Thomson's model?
§ o Themeew.  Thomson' perception of the atom is positively

1 charged sphere on which negatively charged
= Blection electrons are attached to balance the charge therefore

o the atom has neutral charge.
Thomson’s Atomic Model duzgo diein dgine 8,S PHESRV Ogungs yguas TOgungs 390 9o Lo /Y0
Azl dolaie 801 0555 (”_;L'UL.Jj (i) &l ga) dimeid) Al W98 g Jays
1 — 2 — 3 Rutherford Model : - 399933 Z3ge3

After the discovery of the proton: (a positively charged particle, the

mass of which is greater than that of the electron).
(05 SIY) AL o ST Al ¢ Ain il i ga ppesn) (55 5_l) CLES) aay

O%ﬁm/ﬂﬁﬂ/ é(?/ffﬁﬁ/ (jﬁé/éjé
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Q / What is the concept of Rutherford's model?
e The protons are situated in a tiny area at the center

AT T of the atom called the nucleus which contains most
) // of the mass of the atom .
. & “ DA plaae o g iad 18l et 853 3K e 5 i Hilaia 8 i ) o

e The number of negative electrons around the

nucleus balance the positive charge of the protons.

Figure 1-3 .ls e 5 il 3] o L el . s .
Rutherford’s Atomic Model S S 1315l Jsa dalld) a5 STV dae () 3) s

e Electrons rotate around the nucleus in various orbits
with varying distances from the nucleus.
85l (e 45 glite Cliliney Aaliae il Hlae 88 il) Jsa i g I 5
Therefore, this model is called the planetary astral
model. ST el 3 gailly 23 gail) 128 sy U

U Why is the Rutherford model called the planetary model ?7

1 — 3 INTRODUCTION TO THE MODERN ELECTRON
STRUCTURE
Gapaall (5 IV Ay 6 dadia Y-

There had been problems with Rutherford's Model. Assuming

Q /' Why Rutherford failed to his perception of the atomic structure?

Rutherford's conception of the atom failed due to two assumptions:
rOmal ) a3 (e 25850 55 S8 Ll

(No.1 Assumption), that negative electrons are static these electrons

will be drawn to (magnetized) nucleus with the positive charge .
Ao e indiy (Aaias) 3153 (M) il IIY) 038 o s G Dullad) g ST o ¢ (Y B Gial 58Y)

O%ﬁm/ﬂﬁﬂ/ Ag/ﬁﬁa/ (jﬁé/éjé
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(No.2 Assumption), Given that moving electric charge which is
under gravitational force releases energy, so there must be loss in
the energy of the moving electron which would eventually slow
down its motion. This slowing down electron would move around
in a circular motion and finally falls into the nucleus.
O5Ss of 2 D ¢ Ak 3l A3lal) 3 8l auadd ) AS paiall Al 5eSU Aanil) of ) kil (Y 48 Ll 58Y)
oabaial) (s I 18 i 45 pa sl ) Al B (25 Law S paial) 5 SSIY) A8 b5 s Slia
Bl b5l haiy g 4y 10 AS ) 8
In both assumptions, the atom must collapse, This is impossible
because atoms do not collapse, so there must be something wrong

in Rutherford's Atomic Model.
o lad @l 06 o 0 W 1A e Y A Y Jiaivss 138 5 63 A1 e O camg (aal BY) NS 8
oM 3,80 ) Zasa

1 - 3 -1 Bohr's Model BTN

Electron —_— Q / What is the Bohr- model?
s ‘;S‘)Lnlﬂ\ ?ﬂ.d\ C).\B\

e The electrons rotate around the nucleus in a fixed

energy levels .
AGE A8l ) gl 815l s g SIY) ) 505

e Each energy level has a distinctive number
Energy Level describing its energy, this number is called principal

Figure 1-4
Bohr’s Atomic Model quantum number )

s S a8 ) sy B 511138 5 ¢ 4Bla Chmy s ol )4l A8l (5 giue US

e The farther from the nucleus the more the level of energy .
Al (5 giia a1y WdS3) i) (e Baaty) LIS
e An electron may travel within energy levels through gaining or
losing energy . Bl G | QL) IR (e 48U il giase Gana (5 IY) iy 38

Note: The first principal energy level has a lower energy than the

second energy level, and so on.
J3Sa 5 ¢ U ALY (5 gise (pe JBT A8 Al Y1 a1 Q8L (5 gise ida sala

O%ﬁm/ﬂﬁﬂf é(gfﬁﬁa/ Qﬁé/éjé
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Q / How can an electron move between energy levels?
¢ A8l L e Cp JE O 0 S Sy S/

An electron can move between these energy levels when it gains or
loses energy. Al 4312 5| 4L i o2a ELal) Sy shana e S 0 05 SN Sy

Exercise 1 — 1 / Which one of the followings has high energy level?
Sl o Al (5 gina o (5 im0 b Laa

A) First Energy Level C)Third energy level
B) Second Energy Level D) Fourth energy level
1 -3 -2 Modern Atomic Theory : Liaall 2 2 4 el

Many scientists worked hard to lay down scientific foundations of
the modern atomic theory .
Apaall 45 )3 4 plall el (und) aaca sl g elaladl (e daell Jae

The major hypotheses of the modern theory :
sl 2 ) e ) o )

i e The atoms consists of a nucleus surrounded by

Lo electrons with varying levels of energy.
|'/ : \I Al (e dalise b gliee D Gl g yiSIL ddalaa B) g (pa ol A (o oS
\

&
\ 7 o Electrons rotate around the nucleus on a distance, in
—— energy levels, these levels are represented by
Fioure 1.5 numbers called principal quantum numbers, which
=] . -, = -
Ones of orbital shape (or- positive integers The nucleus at the center of the

el 2l atom consists of the protons and neutrons.
eV st a8 1 il givsall 038 Jiiad aly g ¢ 48U €l sise b ¢ Al e 31 i) Jea g SSIY) g Y
55 ) a3 Al 38 e (883 g sall 81530l () oS5 A gall dagnall e V) (e 0 6SE S 5 ¢ Apull) A 5aS))
G) byl

<

o)

Explain / Hydrogen atom is the simplest atomic structure
LA b A sl 33/ e

Answer / Because it contains one proton and one electron
a5 s sl 5 sl s O sisn e gsing Y [ Glsal) )

O%ﬁm/ﬂﬁﬂf é(f/ffﬁé/ Qﬁé/éjé
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Orbital: The electron cloud surrounding the nucleus.
B sally Adaaall A g STV Aol s 1 5Y)

Exercise 1 — 2 :- What is the electron cloud?
a5 SV sl o La - 1Y)
Electron cloud: The area of space surrounding an atom where an
electron can potentially be found.
4 05 S 3 sy iy 53 Tamad) £ (g o (4 ;g IV Al

1 -4 ENERGY LEVEL ZL (5 e

To express the different energy levels of electrons, scientists used
numbers called secondary quantum numbers .

S Al e Lal8 i elalall andial ¢ il g SO Aabiaall A8l il sise (e el
Secondary quantum numbers :- is the numbers which describe fairly

all features of the orbital as well as those the electrons in these

orbital .
Il 850 g sl il g IV SIS laall il gan Lo aa ) Gl ) A8 o - Sl dlae Y

1—-4—1Primary Energy Levels A0 59 AUal) S sise
These levels are expressed by the principal quantum
{ . number (n), it holds a positive value equals
Energy 6-n 1,2,3,4,56,7..... , the greatest (n) has highest the
) 5-nenergy, (n) cannot be zero at all .
§ B cv&}mm},qw@}c(u)wj\@ﬂ\@jldhwqbw\mzucw\?u
§ ; Y e 1 ha 0S8 o (S Y (o) ¢ A el aual () ST
oo =1
g Table 1-1
& Level symbol KO PR ([ M PNE [ onER O
I=n value of n 1 o g IR L I [
. —_——
Fygure 1-6 , Energy increasing
When value of n increases
the energy level increases.
O%ﬁm/ﬂﬂ/ é(glﬁﬁé/ Qﬁé/&g‘ﬁ
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The higher the (n) value, the further the distance of the electron from
the nucleus and consequently having more energyi,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 .

1—4 -2 Secondary Energy Levels 4 ) A8Lal) il e

, Primary energy levels (K ,L ,M ,N) have secondary
7 energy levels (s, p,d and f). These levels difer in
. e terms of shape and number of electrons.

- fod p ¢shaliiih clsinald (N M (L« KA alall el g
rd T s S ae KA G el giaaal o3 Calins,
Orbital (S) has a spherical shape s (S) 5.8 J<a 4l

s orbital

Figure 1-7

Shape of s orbital

As for the second level (P) it has three orbitals and each orbital
consists of two equivalent sides distributed in three vertical
directions (Px, Py, Pz).

Ll ) Clalas) 4320 b cpe jse S Gaga s (e O5ST e JS 5 0l lae 45D 4308 (P) AU (5 sl L
(Px, Py, Pz)

p, orbital p, orbital p, orbital

Figure 1-8

As for the secondary levels ( d, f) they have more complicated

interstitial forms . aiad ST AR QIS agals (5 ¢ 2) A gl il sinaall Al Ll
O%ﬁm/ﬂﬁ/ Aé/ffﬁé/ Q%7 D
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Primary energy levels have secondary energy levels as follows :

Primary level K (n = 1) has only one secondary level type s
Primary level L (n = 2) has two secondary levels p and s
Primary level M (n = 3) has three secondary levels s,p and d

Primary level N (n = 4) has four secondary levels type s, p,dand f
To determine the secondary level of any of the primary levels in
symbols, (n) value is written from the primary level then 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 becomes (2s), and the

secondary level d of the four primary level 4d and so .
Oe Al () LS A ¢ el (8 A5Vl siaall e Y 6 s (5 sl aaail

:: et ¢ 5 (5 ginsal) U8 i1 (5 sl o) ) 5 LAY (5 S 5 shasall S
(N) n -4 % 138 5 4d Alany) il s Axgyf (e d s S8 (s sl 5 ¢ (28)
4s - -
d 1 — 4 — 3 Number of orbitals and Electrons in
b = secondary levels Ay ) Al yall 3 ol I 5 i laall 23
(L) n 2‘
(K)yn~1 1

Secondary levels have many different orbitals indicated by as
follows :- Sl gl e L) i) Zaa ) ol jladl) e el Led 4y s il sl

Secondary level s has 1 orbital ]
Secondary level p has 3 orbitals (T 1]
Secondary level d has 5 orbitals [(TT 1]

Secondary level f has 7 orbitals T T T T T 71|

O%ﬁm/ﬂﬁﬂf é(?/ffﬁé/ Qﬁé/éjé
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An orbital has as much as two electrons only. but an orbital can have

one electron or empty,therefore,secondary level filled as follows :-
il ¢ 0 sl aals s Sl e laall (sing o (Sar o115 s G i8I ) ey e o laadl (5 58

:‘;J\ﬂ\ j;_d\écdy\_xﬂ 5 giuall &JAe-UG
s maximum hold up 2 electrons

p maximum hold up 6 electrons

d maximum hold up10 electrons 4[4[ 4[] 1]

f maximum hold up 14 electrons 4[4 Lh[H[8[4]0]

Because the electron spins around itself at the same
Qd\ time as it spins around the nucleus. When two
| electrons are coupled in, the spin in one orbital is

U reversed, with the first rotating clockwise and the

Rgmes 1-10 second rotating counterclockwise, cancel their

\) Electron spin around

nucleus. repulsion.

B)Two electrons spin around - w . . R U .. . K
their own axis as they are Ol S8l xie '°‘}'f\ JP 48 JJJ{ L..sj\ g_ﬁ:}j\ Q"‘s"& A"“'s" dss Jsn o sl L.J\j
in same orbital, Lae clguSe (Sl delull i as Js¥) sad claaaal o) g3 Sty ¢ g yi)

Exercise 1 — 3 :-
A) What is the number of orbitals in the first and third primary
energy levels? SR 5 531 A ) AU e b il e a L

B) What is the number of electrons of second and third primary
energy levels ? SN Al A0 V) A8 il gine il 5 K 220 ga La

Clitimmed et QY
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L (n=2)

K (n=1)
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1-5ELECTRON CONFIGURATION s A il

Various elements have different numbers of electrons, these
electrons are configuration around the nucleus in the atom, this order
is called the electron configuration, and the following rules are

considered when electron are order in levels :
¢ 31l e Ly oS5 A <l g SIVY a3 g ¢ g IV (e ddlide daef e dalidd) jualiall (g gias
sl sasall b clig I G 5 vie Slae W) 8 AU ac ) gall dal K g ¢ s SOV (oS5 i il 138 e

1 -5 -1 Aufbau Principle :- FERRNN

states that secondary energy levels
are filled with electrons according to their energy

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.
il i) e (sS Of g ua e U yaa (oA aaall 06 o g ¢ 53 (Y s I 0S5 A S
Dol e el ) sl i Sale (i o35 ¢ g Al Waaed U glose Uil S 45 ) siall dpaglal) 3,00

1s 2s 2p 3s 3p 4s 3d 4p 5s 4d 5p 6s 4f

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 right of the symbol (s) represents the number of electrons in

this level this goes to all symbols .
353 sall Bl iy Ly ¢ (1) (sl () )1 ) (o s A8 (5 s 3oy sy Sl g sl o )1 iy
- sl gen () iy (31 (5 stasall 138 8 g I ae (G5 ll) el (e el (s slall ¢ el 8

’ level from lowest to highest.
0 (n=5) Al (o sl W5 sy KIVG Aile 4y ) A8UaN) il sie o) e (a1 gl sl T
N (n=4) L_ALY\ LAJ @3\2{\ )
M (n=3) 3
\2\\\

O%ﬁm/ﬂﬁﬂf é(gfﬁﬁa/ Qﬁé/éjé
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energy level(s)

Number of electrons in secondry)

3s!

/ A\

/

Principal quantum | | Secondry level
number (1) of energy

Figure 1-12
Electron configration
writting method

1 —-5—-2 Hund's Rule: 358 sacld

Hund's rule: This rule shows that no two electrons are
doubly occupied in the secondary level unless its
orbitals are singly filled.
s el (A 53 30 JSG (plsadia (g iKY aa g Y adl Bacldl) 038 i i 10 ga Bacld
ke JSE) Ailies 43) lae il 13 Y (g s
This rule applies to atoms whose electron
configuration end with secondary energy levels of p ,
dand f. Two electrons cannot occupy one orbital until
assigning one electron to each orbital in the secondary
energy level .

Sa¥ f5dosp oedoyl s Gldue S SV Leh <8 i Al A e 3ac Wl oda (3t
. A8l (5 e 8 e IS aal 5 05 S Ganadd ol s 3al 15l ) sy of g SIY

Example 1 -1

Write the electron configuration for the following subshells? p3, d?,
f6’ p4 ’ d7’ fll’ p5

p? 11 ¢d7 ¢ pt ¢ £6 d4 ¢ p3 ¢ A A ) o) 323U (o5 IY) 055 i€l s Y- Jlie
Solution :
p?
d* [r[r]e[2] |
f  [rlrfefrft]t] |
p*

d° [F74[1[1]71]

O[]

P> 7]

O%ﬁm/ﬂﬁﬂf é(ﬁ)/ﬁﬁa/ Qﬁé/éjé
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Example 1 -2

Write the electron configuration for the followings elements ?
1H, 2He , sLi, 4sBe € A pealiall 3 IV (530 )

1H 118t

oHe 1 182

sLi : 152 28!

sBe : 152 2S?
Examplel — 3

Write the electron configuration and order of electrons in the

primary energy level for each of the following elements:
PANEN jealial) o SV Y1 AELN (5 sinna (A i SISIY) i 5 5 SV 0S5 S0 YY) e

5B, 80, 10Ne , 12Mg, 13Al , 15P

Element | Electron configuration | Outermost energy level

5B 152 282 2Pt 252 2P?

8O 1S% 282 2P4 252 2pP4
10Ne 1S% 282 2p° 252 2p°
12Mg 1S% 282 2P% 352 332

13Al 1S22S%2P°3523Pt | 3S5%23P!

15P 1S22S%2P®3323P3 | 352 3pP3

O%ﬁm/ﬂﬁﬂf é(lél/ﬁﬁy/ Qﬁé/éjé
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Exercise 1 -4

Write the electron configuration for the following subshells?
¢ Ll e Sl o) a3l 5 SIY) (oS5 i)
p2 d6 d3 p5
Exercise 1 -5

Write the electron configuration for the following elements:
Al ealiall (5 S (9 oS5 i)
oF , 1451, 18AT
Example 1 -4

Write the electron configuration of sodium atom, 11Na than, indicate

the gradual energy according to the primary energy levels .
A 51 A8 il gisal 188 g gy Hail) A8 L) ey ¢ (e 11N a0 saall 33 g STV (g oS (S)

11Na : 1S% 252 2p% 35!

3st 3P 3d

& (T T [CLITT]
(90
[}
> 282 2p8
£
> (] [TV 1]
o
c 157

O%ﬁm/ﬂﬁﬂf é(léz/?fﬁé/ Q%7 D
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Example 1 -5

Write the electron configuration of chlorine 17Cl then indicate the

order of secondary energy levels from lowest to the highest .
(e V) 3 (e Ay D A8 il ssa i 5 20 5 17C] SIS S oS i€ 0-) Jla

17Cl : 182 252 2P6 352 3PS
3P°
357
2P°
257

182

Energy ingreases

Exercise 1 — 6

Write the electron configuration for the following atoms then

indicate the gradual energy according to the primary energy levels
A0 5 AU by sinsal U 5 dmy il A8UD das 5 20Nl AN o g IV (o 65 CiS)

15P , 3L
Exercise 1 —7

Write the electron configuration the for following atoms then

indicate the gradual energy according to the secondary energy levels
A AN A8UAL O gusal G 5 Apay 5ol A8UAN aas 3 3000 ol HAN 5 STV o oS5 (S

13Al, 8O

O%ﬁm/ﬂﬁﬂf é(léglffﬁé/ Qﬁé/éjé
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Example 1 -6

State the number of electrons in each primary energy level around
the nucleus. 3153 Jon (ol Al (5 gine JS (b s iSIY) 2ae saa
sB , 10Ne , 12Mg

Solution:

5B : 1s% 252 2pt

First primary energy level n = 1 contains 2 electrons.
Second Primary energy level n = 2 contains 3 electrons.
10Ne : 1s? 252 2p°

First primary energy level n = 1 contains 2 electrons.
Second Primary energy level n = 2 contains 8 electrons.
12Mg : 182 252 2p°® 352

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 :  aliall s3gd 15l A8l (5 sise JS & g <IY) e 58 e
oHe , 7N
1-6 LEWIS ORDER (LEWIS SYMBOL) susl e

Lewis's symbol depends of the number of electrons on the last shell

(external energy level) which is called valence shell.

&J}Lwﬂ‘;\j\j(MJM\:ﬂﬂu\dw)).\AY\&JM\LAQbip}d\x_}hj)ﬁﬁY\Alcéswu)j)A)M
s

O otrarmmed Aﬁ/ffﬂﬂ{ Q.
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The symbol of the chemical element 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 follow :
OB iy jlaite ke ¢ 13a) g U 3 Jiad ddats JS ¢ Jaliny Unlae i€ el paial) 3oy - igmdd 3e)

sle OS5 Cna e Gl e (g sias Ay yhay clalad) Axy ) (8 Bl o3 )55y ¢ i FEY) e LBy
L;L\S\ };'J\L.;‘; ¢ aUJi LJL’L‘Q"} ovu.:;)\ d\_\ks.\ ¢ ‘)Lu..)j\

[ I )
e Symbol e
[ ] [ J

Example 1 -7
Write Lewis symbol for the following : 12Mg , 10Ne , 5B, 1H , 14Si
Solution:

We must order electrons first for each element to determine number

of electrons in the outer shell. See the table below:
Jsaall il s el Cadlall (b il g I sae yaadl peaie JSHY g I i e ang )
5Ll

Element Element configuration | Electrons in the outer | Lewis symbol
1H 1St 1 He
5B 152 252 2Pt 3 g
10Ne 152 252 2P8 8 *Ne
12Mg 152 252 2P° 352 2 *Mg*
L
145I 1S% 252 2P 352 3p? 4 eSie
L
O%ﬁm/ﬂﬁﬂf é(légffﬁé/ Qﬁé/éjé
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Exercise 1 -9

Write Lewis symbol of the following elements : ,0Ca , 1sAr, 13Al
20Ca , 18Ar , 13A] : AW jualiall oy b ey uiSH: 32 (i

Example 1 -8

An atom, the electrons of which are ordered as follows. 1s? 2s? 2p*
1s 282 2p4 : Sl =il e Lt yiSI) 35 s e 3530 A=) JUa
1 — What is the total number of electrons in this atom ?
€5 oda 3 i s KIS aaall a Le
2 —What is the atomic number ? ¢ oMl L

3 — How many secondary energy level filled with electrons ?
¢ by yiKIVL ¢ slaall 45 gl Adall (5 gie 22c 52 La
4 —What is the number of single electrons ? ¢ s ad) i 5yl se s L

5 — Write Lewis symbol for this atom ? € 5,3 o2l sl 3a) I

1- The number of electrons are 8 . A s Sy 2
2- The atomic number is 8 because it equals to the number of
electrons . s S s g b A A s (5, aaal)
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 is only two .
4l gl 23 o Ml 5 56 slan e 68 2p Ay Lol il g SV Leking 95 5 1 5 s (5 sianall
Lasd L) g culs g yISIVL 36 gladl)
152 252 2pP4
L] L) L]t

4- It is noted that the number of unpaired electrons are two only .
casd L) ga daa gl e il g iKY aae o) aadl

O%ﬁm/ﬂﬁﬂf é(lééﬁﬁy/ Qﬁé/éjé
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5- Lewis symbol is oo
e symbol e
o0

Exercise 1 - 10
If atomic number of an element is 6 : T osa e yeaiad Al S 1Y)
1 — Write its electrons configuration . il o S (5 55 445

2 — How many secondary energy level filled with electrons ?
Tl 5 ySIYL ¢ slaall 4y gl AUl (6 g 22 08 L

3 —What is the number of single electrons ? 2 gl el <yl e s L
4 —Write Lewis symbol for this atom ? €3 o3g) sl ey S
1 -7 PERIODIC TABLE s Jsaal

The periodic table : is table for understanding the physical and
chemical properties of elements in the same group or period.
Bl gl e ganall ud A jealiell ALl g 400 5l Gailiadll agdl Jsan g 5 sall Jsaall
1 — 8 CLASSIFICATION OF ELEMENTS IN THE PERIODIC
TABLE ACCORDING TO ELECTRON CONFIGURATION
O ASIY) (oS8 s (55l Jgaadl (3 paliall Coviias
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 as follow :
§) = aliall 5 5 SV 0 5S3 Leo atiy ) (o 53 (s snall g1 53 Wy ¢ U o () ealind) i Sy
:A;J\.ﬂ\ )A-ﬂ\ A_‘,J:. ¢ (fcd ‘p ¢

O%ﬁm/ﬂﬁﬂf é(ﬁ/ﬁﬁa/ Qﬁé/éjé
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1 -8 -1 s-Block Elements : s — Block _walic

« They are elements on the far left of the periodic table

» including groups IA and IIA, whose -electron

s 3d | 4

(S T— _configuration ends with (s), except for heI!um (He) ,it
N f Is added to the noble elements at the far right. Group
. IA includes elements whose last secondary energy

levels have one electron, for group IIA it includes
elements whose last secondary energy level have two

electrons
s S L 585 gy s ¢ TTA 5 TA i sanall @3 8 Lay (555 Jsand) Sl (il 8 jalic L)
aliall TA e senall ol | Cpadd) (sl 8 ALl jualiall ) atila) &5 ¢ (He) asilied) ol ¢ g =
5T i (o Jaii oo TIA A yanall Lol ¢ 2al5 05 5 o &l Lt Sl sinna AT (g i )
s S| Gl 3 s gl iy sinae A

1 -8 -2 p-Block Elements : p — Block alic

These elements are located on the right side of the periodic table,
whose electron configuration ends with (p) and include six groups,
the first five of which are (IlIA,IVA, VA, VIA, VIIA) and the last
group on the far right of the periodic table (group VIIIA or group
zero), it is called the noble gases group. Elements completly filled
with electrons at the secondary shells (s) and (p), and noble elements
are called (represented elements), Called IA group alkaline metals ,
group A it is called alkaline earth metals , group VIIA are called

halogens.

G analyg P = (o SIY) 4 65 iy A ¢ sl Jpanll e e ilall e pualiall oda aa s
Oy (ol 8853 Y) Ao sandlly (VITA VIA VA (IVA dIJA ) 8 eie ued Jsl ¢ Gl gana
Sy jualiall i Al < Jlall Ao sana (il ¢ (Lina Ao sanall 5 VITTA e sanall) (553l J2ad)
e TA e pandl) ooty ¢ (Aliaall yualiall) Al jualiall sy ¢ p s's G sl Aile ) 8 g y<IYY

- i sllell VITA Ao sanal) aniis ¢ 45l (ia )Y (glae TTA de ganall ansis ¢ 4508
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1 -8 — 3 d-Block Elements: d — Block walic

These are metal elements whose electron configuration ends with (s)

and (d), they are called transition elements or d- block elements, at

the center of the periodic table .

d- block wabic 5 4l jualic cauiy e d 58— (s A Leb oS gt (Al Apianall jualiall 4 o3a
cgos Jgall oy A

1 -8 — 4 f-Block Elements f — Block sl

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 .

JEEY) jualie ety ¢ f Cipally s pSIY) 4 5S5 gy 2l (5 )5l Jsandl Jawl (3 jualiall 028 2258

Bllock s Block p .
1A vilia
H | WA VA VA viA vita | He
Li | Be Block d B|c|N|[O]|F|Ne
Na|Mg| s we VB ViB VIIB <« viiB —> 13 up | Al si|p|s|clAr

K | Ca Sc|Ti| v | Cr| Mn| Fe| Co| Ni| Cu| Zn Ca Ge| As| Se ‘Br Kr

Rb| Sr ’Y Zr| Nb| Mo| Tc| Ru| Rn| Pd| Ag| 'cd| |'In|Sa|sb| Te| 1 | Xe

Cs|Ba| | 1a| Hf| Ta| W| Re| Os| Ir| Pt| Au| Hg| |11 | Pb| Bi [ Po| At| Rn

Fr| Ra| | Ac| Rf| Db| Sg| Bh| Hs| Mt| Uun| tus| Gub

Block f

Ce| Pr| Nd| Pm| Sm| Eu| Gd| To| Dy| Ho| Er [ Tm| ¥b| Lu

Th| Pa| U | Np| Pu| Am| Cm| Bk| Cf| Es| Fm| Md| No| Lr
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1 — 9 FINDING PERIOD AND GROUP NUMBER OF ANY
ELEMENT IN GROUP A de senall L3 yeaie (Y de senall 3e 55 5l alay

To find number of period and group for group A , the following steps
hold be followed : DA ) ghadll oLl o ¢ T e senall Ao sanall 53 sall aae e ) siall

1. Write the electron configuration of the element .
o paindl (g SISV G 5SS
2. The number of the period is the highest number of the n, which
the electron configuration of the element ends .
- il (5 S 0 S5 g sy By Ao sa 5yl 8

3. The number of the group can be found as follows :
Dk S Ao senall Q8 ) ala) (S

¢ If the electron configuration ends with s, thus the number of

electrons in this level is the number of the group.
A sanddl 85 ot (o siusall 128 (8 5 S 22 (b ¢ 5 (05 IV 055 gl 1)

¢ If the electron configuration ends with the (p), thus the number

of electrons at this level as well as the secondary levels in the

primary level which fills before it represents the number of the
group.

(5 simall (2 33l ginnall IS (5 ol 138 g YD 230 0ld ¢ () = S (o sSS el 13

Ao sanall o8 ) Jiay 4l Say 531 5V

¢ If the total number of electrons is 8 ,then it means that this

element is in the noble gases group, except for helium, the last

energy level of it ends with s and contain two electrons only .
e Ly ¢ ALl & lall de sane (8 2 9a o yeaindl 138 ()] i 13g8 ¢ A il g SIS JleaY) daall (IS 1Y) -

i g ) e (s sing g g o ade A AUl (5 giue g ¢ o siligl
Example 1 -9
What are the period and group for the following elements?
10K, 10Ne , 17Cl , 8O

O%ﬁm/ﬂﬁﬂf é(ﬁ)/ﬁﬁa/ Qﬁé/éjé
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Solution :
g0 : 1s? 252 2p*

The last main level is level (2). Thus, the period is the second period.
The last secondary level (p) contains (4) electrons. 2 electrons from
s are added before saturation and the total numberis: 2 + 4 =6
(group six) Oxygen is in the second period in group 6 in the periodic
table.

17Cl : 182 252 2p® 3s? 3p°

The last main level is level (3). Thus, its period is the third period.
Its last secondary level (p) contains (5) electrons in addition to (2)
clectrons from the underlying level (3s). The total number is (7).
Chlorine belongs to group seven of the periodic table. Thus ,
chlorine is in the third period of group (7) of the periodic table.

10Ne : 1s? 252 2p°

The last main level is level (2) so its 2nd period The last secondary
level (p) contains (6) electrons in addition to (2) electrons from the
underlying level (2s). The total number is (8). Thus, its group is the
eighth. Accordingly, neon belongs to the second period in the (zero)
group or (\VII1A) group of the periodic table.

10K : 182 252 2p® 3s? 3p°® 4s?

The last main level is level (4) and its period is the fourth. The last
secondary level (s) contains one electron and its group is the first.
Based on this. potassium belongs to the fourth period in the first
group in the periodic table .

O otrarmmed Azé{ﬁﬂa/ Q.
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Example 1 — 10

What is the common property between the locations of the following
elements in the periodic table? 1,Mg , 11Na, sLi

Solution :

sLi : 1s? 2st group (1A) /2" period

11Na : 1s? 2s? 2p® 3st group (1A)/3" period
12Mg : 1s? 2s? 2p® 3s? group (2A)/3" period

According to the above, the common property between Li and Na is
that they both have the same group (Group 1A). The common
property between Na and Mg is that they have the same period 3™
period .

Example 1 — 11

What is the common property between the locations of the following
elements in the periodic table? 4,Be , 5B , 7N

Solution @ 4Be : 1s? 2s? group (2A)/2" period
5B : 1s? 2s? 2p* group (3A)/2" period
7N 1 1s? 2s? 2p2 group (5A)/ 2" period

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. Beryllium (Be) is in the second group, Boron (B) in
the third group and Nitrogen (N) in the fifth group .

Exercise 1 — 11
What are the period and group for the following elements ?
13Al, 6C , 3L

O otrarmmed Azéz/?fﬂé/ Q.
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Exercise 1 —-12

What is the common property between the locations of the following
elements in the periodic table ?

15P , 6C , 14SI

15P , 60, 1451 € sl Jsaall 8 Al jealiall a8l ga (p A8 sidiall dpalal) o Lot VY2 G
1-10 PERIODIC PROPERTIES

The physical and chemical characteristics of the elements in the
groups and periods of the periodic table vary according to their
atomic radius, ionization energy, electron affinity and

electronegativity as arranged below :-
Lﬁ)_ﬁﬂ‘ Jganll Sl R A_lLG_}AMGB Hw@w\jhh‘)ﬂ\ uaibasl) calias - 2»...3‘)_5J oalbad Vo)
olial (54 ot LS Ay jg S Al g ¢y SIVD oyl g cplil) A8 5 5 )3 a ylad ol i

1-10-1 Atomic Radius: U il Caas

The atomic radius can be defined as: "Half of the
minimum distance between two identical and

chemically-combined nuclei of the element."
Ottt (3 6 C Loall ALl Caat™ il e g Al Skl Chual Cay jad (S
S paiall BilesS (inaa g

¢ ltisnoticed that the radius of the elements in one period decreases
as we move from left to right, as their atomic numbers increase.
The attraction energy between the electrons negative charge with
in one main level and the positive charge of the nucleus increases

with increasing in the number of electrons in it.
aadlact a3 Gua ¢ Gl () bl (e US et WS Gl Basl 5 558 4 jealiall had Cial Gf Jaadl
330 goo 81 5l An gl Ainll 5 n) 5wty (5 suse (o8 i 5 ISID Alal) sl da) A 33 A
. L 30 g gall i g yKIY) 2ae

O%ﬁm/ﬂﬁﬂf é(zég/ﬁﬁa/ Qﬁé/éjé
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Explain \Why does the radius (atomic size) decrease within a period as
the atomic number increases?

Answer I This js due to the increased attraction energy of the nucleus
on the electrons within in one main level.

¢ On the other hand, ®®"@"/ the elements radius
increases as we move from top to bottom in

o o AN the periodic table , ™"¢"/ because the number
feTelelis Z‘ o 0 of shells increases when the atomic number
5 5 o 5ls o o s increasing due the number of electrons

90 oloolele o [¢ increasing.
6**3 T 3 ; '*J; Ve L) e e LS 5t LS pualiall 5l Couai 2133 ¢ 530 &ali e
LS L R | | om | mi | P LA e C_A:LL&:\L;‘)M\ 22=d) 2l Ladie J\J‘}:M_E\A...aiﬁ\ 22e Y ¢ Lﬁj}ﬂ\ Jgasll =
o st A il g SV aae 33

Example 1 - 12

Arrange the following elements according to increasing in their

atomic radius : oF , sC , 8O, 3L
@A L ylad (a8 5al 388 A pualiall iy z VY-Y Jle

Solution :

sLi : 1s? 25t

6C 1 152 282 2p?

g0 : 1s? 252 2p*

oF : 1s% 282 2p°

Notice that all the elements above end with the second main level.
This Means that they are all in second period of the periodic table.

Thus, the arrangement of these elements according to the increase

in their radius is as follow :
Jsaall e Al 5yl (8 Gas agdl i 138 SEN ot )l (6 sl g ool jualial) auaa o TaaY
Dok LS Wl Caian 30l U Wy yealiadl o i i (56K ¢ b s 50l

3Li >6C >0 > oF

O%ﬁm/ﬂﬁﬂf é(zéffﬁa/ Qﬁé/éjé
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Exercise 1 — 13

Arrange the following elements according to the increase in their
atomic radius . U Ll Caai a0 Wy A pualiall i

20Ca , 12Mg , 4Be
1—10 -2 lonization Energy : BEEUECIR

lonization Energy is defined as : ""The amount of energy required to
remove one electron from the outer energy level of a gaseous atom."
Mg 5Ll 5 Al daa LAY A8 (5 giie (pe aal g oy s iKY AL SY A glaal) Zaal laie Ledl to o) A8l (ol

As in the ionization of Sodium atom :
:eﬁd‘}m}\ﬂjhwu&us

Na + ionization energy Na* +e-

¢ In the same group ®®@"/ when transed from top to bottom as
the atomic number becomes greater the ionization energy of
an element decreases , ""¢"/ the reason behind this is that the
outer shells' electrons stay away from the nucleus which in
turn,increases the tendency of the atom to lose one of the

electrons.
aind ) A8l Bl ST Al daell maay s Jiul ) e e JEEY) ) Ledie de ganall i b
aJﬂ\JubAL:)L_A\aJJA_\L;JyWo\}J\QQa.\.uu‘ss.uG;JL;“ ezl C_!LI}).\SX\ u\jidh;\)}k_\.uﬂ\jc\.ﬂ
JRSEEPRN Y R Y|
¢ In the same period B@""the jonization energies increase as
the atomic number of an element increases A"/ because of
the increase in the positive charge of the nucleus and the
increased 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
3aly 35 B sl A gl Al 3 Bl 3 sy yeaiall (6500 22al) Bl ) ae il B ol 35 ¢ Bl s b
)5l s gl clin il A 53 ¢ g SIY) dad dall A8l 2l 5 A8UAN a1 (5 sasal) it 8 i 5 5iTY]

However, there is an exception to this . 13gd ol llin ¢« b aag

O%ﬁm/ﬂﬁﬂf é(zégﬁﬁa/ Qﬁé/éjé
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If an atom has a secondary saturated shell such as
(ns?) or half saturated shell such as (np®) , its
ionization energy is greater than the ionization
energy of the following atom An example for this
Is Nitrogen, which has greater ionization energy
than the ionization energy of Oxygen, in spite of
the fact that oxygen atom has a bigger atomic
number than the atomic number of nitrogen and
that they both belong to the same period. Noble
gases have the greatest ionization energy so they

do not lose electrons easily.
0585 g Al ol &8l 6 " np Jie padie Cral Gdle ) (ns) Jie padie g 518 GDIe 3 IS 1)
st )l e O J ol 48l (e ST i A8 Ll 0 N ¢ el e Jlia s ¢ U 530 il 3l g S|
Al 5 il udt ) oty Laa SIS Gy o5 53ll 5 W 2aall g ST (653 00 e ComnsV 553 () s (00
U gy i IV S Y gd I ¢ s A ] AL Ul

1 — 10 — 3 Electron Affinity :

Electron affinity is defined as: ""The amount of energy released when

a neutral gaseous atom acquires one electron."As in fluoride atom :
Adlaie 43le 5,0 S Ladie: auiall &8N jlade cadl e o5 i) cHlE caait o 5SS o)l
ruo skl 30 8 LS Jaal 5 G ]|

F+e- —— F-+energy

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

oo 20a1l Baly ) e il yiall (3 pealiall (a9 STV o lE Al 3
However, the elements in the same group face more difficulty to

acquire an electron as their atomic numbers increase.
LW analael 3al ) ae G5 Sl e Jpanll 8 ST grin 4n side sanall (udi 3 pealial) (8 ¢ b pa g
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1—-10-4 Electronegativity : PPN

Electronegativity is defined as: "The tendency of an atom to attract

bonded electrons towards itself in any chemical compound”.
" S S o B L ol A sl s Y bl 8530 e el e g 5o o

Fluoride, of all other elements, has the greatest electronegativity .

A eSU 80l e 538 HSTapal ¢ o AV pualiall an (g e ¢ 25l

In the same period Electronegativity increases as the atomic number
increases with some exceptions.

L BT amn & Lﬁ)ﬂ\ 22211 320 ) & Ay ala yi e yial) puds c_sﬁ

In the same group, electronegativity decreases as the atomic number
Increases. 6 A 2anll 530y 5 e A 5 S B8 55 ¢ e ganall uli B

As for the noble gases, they are considered
exceptional because the noble gases have a very
high electronegativity.

A 5eS 5o Ll Al ol SRl (Y Al i b ¢ Al ¢ Sl dully W
Jas Alle

1 —10 -5 Metallic and Nonmetallic Properties :
Apaeadl ye s dgiaeall (ailiadll

The metallic and nonmetal properties change according to the
changes in the atomic number of the atoms in a same group and in a
same period .

Bl (i 85 Ao sanall i 8l A o Al aae) 8 ol jnall 188 5 dpiaea D) 5 Apiarall Galliadl) s

In the same period the metallic properties decrease and the
nonmetallic properties increase As the atomic number of the atoms
INCreases . i all soall all 3aly ) o & SUSUN Gl sl 3 535 Aiamall Gl s Ji55 il (s

O%ﬁm/ﬂﬁﬂ/ é(zé’{?fﬁé/ (jﬁé/éjé
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In _the same group, the metallic properties increase and the
nonmetallic properties decrease as the atomic number increases .
(A 022 By ) e Aideall e (al sA) (i g Apiamall (al sl 2 3 ¢ e ganall (a8
All the elements in group IA and group IlA are metals .
e A [TARe sanall 5 [Ade sanall A paliall asas

The elements in group VIA and group VIIA are nonmetals.

I VIALS seadll 5 VIALS saaall & jialiall
The elements in the rest of the groups are not of the same type. For
example,nitrogen in group VA shows nonmetallic properties
antimony and arsenic show metalloid properties. While Bismuth is
the last element in group V and it shows metallic properties.
Ac ganall (8 Gons Al eda ¢ JEAl dass (o g gl Gl e Candl Sle sanall (b (8 53 5a sall aliall
onaiall g Siga ) Lty S sl (ailad gl (satil) Jedng ¢ Adneall ye (ailadliVA

Lnaea) (ailiadll jelays Lualal) de gandl 8 53y

As far as the periods are concerned, the two elements in the first
period (hydrogen& helium) are nonmetals.

L Las (o sibiel 5 s el (W18 S 8 e el (fd ¢ gl (3l Lk
In the following four periods, there is a gradual change from metallic

to nonmetallic properties.
Agaed) ye gailiadll ) dpsea) paibadldl (e a8 s a2 0 Y1l il

All the elements in the sixth period are metals except the
last two elements nonmetallic .

.L“g‘)lﬂ‘).\.cw‘)m.\c )Aj ;Mhui&a@&udu\a‘)ﬂ\uﬁ)@bﬂ\@m

The seventh period includes only which are metals.
Ll lal) Jasd (Jads daglial) 3 yial)

~ The transitional elements shows metal
“ im. properties, as well lanthanide and actinides
B8 ..:.0000:s@mesze  Which are internal transitional elements show
5% Biiiiiiitesesai:  metal properties too
SErLEANRITRIRGRERER i€y g ) IS § ¢ dpana (ailiad AJEEY) jaliall el
llElllllllllllll R e T i e
LR EEEEEE T o T
EEEEEREEETaESE
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CHAPTER QUESTIONS 1
Q1) Choose what is correct from the following :  Llwzas ol sl

1. The most stable electron is that located in
& 3 sall g 151 sl SSY (5 Sy

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

2. Which one of the following primary energy levels has more
electrons g JEKIY) e 5T 220 e g ging A0 Al Y1 A8l il s (g0 61

a) First primary level.
b) Second primary level.
c) Third primary level.

3. Maximum how many electrons are there in second primary
energy level (n=2) ?
§(N-2) 4l 2 g¥) A8l (5 siue 32 s sall g STV 2ae oS aadY) 2al)
a) 32 eletrons. b) 18 electrons. c) 8 electrons.

4. What is the number of orbital of (f) sublevel ?
= A (f) Gsiwall Jlaead; oo L

a) 3 orbitals. b) 7 orbitals. c) 5 orbitals.

5. Which of the following electron configuration is correct for d

sublevel which has 6 electrons according to Hund's Rule ?
¢ Hund sae s s y€) T e (5 sing 31 d o il (s stusall mmmaall a5 S8V 05 (00

a) [1]1]r]1]1]
b) [4THT4] T ]
) [t[r[t[1[H]

O otrarmmed Azég/ﬁﬂa/ Q.
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6. The third main energy level contains a number of orbitals
ol lad) e 232 e Gl aa )N AU (¢ ghasa (s siny

a) 4 orbitals b) 9 orbitals c) 16 orbitals

7. Electron configuration of one of elements is as follows:

1s? 2s? 2p° What is the atomic number of this element ?
¢ aiall 13¢] (A1 saadl 5 La: 152 2627 2% IS jealinll aaY ()5 5 0 oS3

a) 5 b) 4 c)7

8. Electronic arrangement of neon Ne Ol (s Y i
a) 1s? 2s2 2p°®

b) 1s? 252 2p°® 3s!

c) 1s? 2s? 2pb 32

9. In the periodic table the elements of block d are located
(d) Al yalie ;;ggJJJ\J}A;A\Q

a) Below the periodic table.
b) on right of the periodic table.
c) middle of the periodic table.

10. Inthe periodic table the elements that assemble the right of the
periodic table are o s Jsanll ey i A ualiall (55 5all Jsaal)

a) Block p elements

b) Block f elements

c) Block s elements

11. Halogens are the elements of the group 4 sesd) jalic s il Sl
a) IA b) VIIA c) VIIIA

O otrarmmed é(géo/?fﬂﬂ{ Q.
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12. What is the electron configuration of an element which ends
with 3p3 ? 3p3 = (i eainl 05 S 0S5 5 Le

a) 1s2 2p° 3p3

b) 1s? 252 2p° 3s? 3p°

c) 1s? 2s? 2p® 3p°

13. The discovery of the nucleus of the element is attributed to the
scientist : Allall jmiall 3l 53 LA (5 ay

a) Rutherford b) Bor c) Thomson

14. Atom element ends with electuonic level 3s! atomic number
of this element IS : 55 G sins oA ominll et 38T sa jmiall I3¢] (5,30 el 5

a)8 b) 13 c) 11

15. The amount of energy required to remove one electron from

the outer energy level of a gaseous atom is called :
o g el 5 Al das LA ABUA (5 sivee (e dal 5 0 s Y ALY A slaall d8UAD daeS

a) lonizationenergy.  b) Electronegativity.  c) Electron affinity.

16. Anatom of an element ends with electronic order in secondary

level 2p°, what it's group and period :
sl a0 e sana o La e 200 (55U (s sl 8 g Y st i e peaie 33 g0

a) Fifth group, second period.
b) Second group, fifth period .
c) Seventh group, second period.

17. An element in the fifth group and the third period, the final

secondary energy level is :
: Y o s AU (5 i s A 5yl 5 duselall Ao sanall & jaic

a) 3p° b) 5p° c) 3p°

O otrarmmed Agél/ﬁﬂa/ Q.
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18. Which of the following elements has highest
electronegativity? Al oS el e (g ging L jualiall (e g

a) Fluorine. b) Chlorine a) Bromine

19. The radius of elements increases within same period as :
nob LS 8 il i A pualiall el Cia 13 3

a) It has less atomic number .
b) it has larger atomic number.
c) as we move from left to right in samne period in the periodic table.

20.  Which of the following is true for the Lewis structure of argon

(18Ar) element ? € (18Ar) OsaLY) sl gl A e Galaty b lea g
(] ( N ]
a) eAre b) :AI’.. C) eAre
[ N ]

Q2) Explain Rutherford's atomic model and why his model was
failed ? € dnd gai (38 3Ll y 53 355853 3 e ol

Rutherford introduced his perception :- <t oyl g 53 a8

e The 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 .
oM A alaaa e (g giad Al 81 gl and 5 A S je (33 ks Adhaia A CUgi g ) &%

e The number of negative electrons around the nucleus balance the

positive charge of the protons.
(il g gl A gl Lin ) 31 g3l) g Al s g SN dae ()3 s

e Electrons rotate around the nucleus in various orbits with varying

distances from the nucleus
815l (e 5 slitle Cililisay Adlide Ol lae 855l Jom i g SSIY) 5

O%ﬁm/ﬂﬁﬂf é(gézlffﬁé/ Qﬁé/éjé
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There had been problems with Rutherford's Model. Assuming
(No.1 Assumption), that negative electrons are static these electrons
will be drawn to (magnetized) nucleus with the positive charge .
s e Aindiy (Aaian) 315 (M) il YD 038 o s G Bullad) g ST o ¢ (Y B Gial 8Y)
(No.2 Assumption), Given that moving electric charge which is
under gravitational force releases energy, so there must be loss in
the energy of the moving electron which would eventually slow
down its motion. This slowing down electron would move around
in a circular motion and finally falls into the nucleus.
058 b 2 28 ¢ A 3l Apdall 5 8 auads Al AS jaiall Al el sl of ) SRl (Y 48 ) Gl i)
bl o IV 138 @yt 4T ol ) Al 3 (55 Lan a5 IV Al 35 s llin
i) A5l iy g 4y ila AS a4
In both assumptions, the atom must collapse, and considering that
the atoms don't usually collapse, so there must be something wrong

in Rutherford's Atomic Model.
058 O o Gl ¢ 3ale Jlem Y AN ol Jlaie W) (A 3R ae ¢ B3 e o cang ¢ Gual EY) DS

Q3) Write briefly about : oo el )

1) lonization energy
lonization Energy is defined as : "The amount of energy required to
remove one electron from the outer energy level of a gaseous atom."
"G 3L 5 daa LAY ZEURY (5 ghue (e dad g s Y AN Y A glaal) JaUAD laia Ll e ol ddl (ol
In the same group when transed from top to bottom as the atomic
number becomes greater the ionization energy of an element
decreases

Lo el i) Al Gl ST Al aaed) ey Jiul ) el e JEEY) ) Ledie Ao sanall i b
In the same period the ionization energies increase as the atomic

number of an element increases
aindl A aaad) 33l 5 ae il il )y 3363yl ds

O%ﬁm/ﬂﬁﬂf é(é/ffﬁé/ Qﬁé/éjé
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2) There is no electronic repel in same orbital

when two electrons are coupled in one orbital one would spin
clockwis and the other would spin anticlockwise i.e., they cancel

repulsion in this way

e oladl peSe s Casn DAY el Hlae e Laaaal Hoa ¢ aaly e 8 glis 5 () ) Levie
Ay Hhall o2gn sl 2l ol ¢ deludl

3) Thomson atomic model

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.
@ 1 8,50 dzrgall dieidl Jold (31 diad) ddles U9 SOV Leede 3aails At durgo 8,5 5
L) Aol

4) Secondary energy levels

Primary energy levels (K, L, M, N) have secondary energy levels
(s, p,dandf). These levels difer in terms of shape and number of

electrons.

il siasal) o320 RS g d op ¢ g AslAi clhgua W (N M ¢ Lo« K )il Y &l cl st
ol FSIYI sae 5 JSA s e

Orbital ( S ) has a spherical shape @l (S) 8 JLaal

As for the second level ( P ) it has three orbitals and each orbital
consists of two equivalent sides distributed in three vertical
directions ( Px , Py, Pz).

Aanl ) Clalasl 30 8 G ) e lSEe Gaga g e O5SE )lae IS5 ) jlae 3D 4uali (P) S (5 sivall Ll

(Px, Py, Pz)
As for the secondary levels ( d, f) they have more complicated
interstitial forms . Jagas ST AIS JIKET agaald (d | f) Al ol siusall dlly Ll

5) Electronegativity is defined as: "The tendency of an atom to
attract bonded electrons towards itself in any chemical

compound".
" e S e gl B Lai olad Adas el <l g SSIY) adad B A Ja el e Ay jeSh) o S

O%ﬁm/ﬂﬁﬂf é(ﬁ/ﬁﬁa/ Qﬁé/éjé
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Fluoride, of all other elements, has the greatest electronegativity .
Ao 350 e 5 ST agal ¢ LAY paliall puea (s (e ¢ ) )

In the same period Electronegativity increases as the atomic number

increases with some exceptions.
&_3\;:\_\.\.:“\}“ Ul & ng.ﬂ\ Qdal) DJMJ & 4_\.’)@5]\ J\.ﬁ).\ a‘).\sj\ u.usd Lﬁ

In the same group, electronegativity decreases as the atomic number
Increases. g 23al) 5aly 3 ge A sgSU 5,08l J ¢ Ao samall i

As for the noble gases, they are considered exceptional because the

noble gases have a very high electronegativity.
las Adle Ay 5eS 5 08 Led ALl ol Jad) ()Y Al il b ¢ Alual) el Ll dlly L

Q4) Two elements 12Mg and 16S :

1) Write the electronic configration for them indicating the
secondary energy levels A 1) A8 L iase L e gl (g SSIY (5SS

12Mg : 1S% 252? 2P® 3S?

16S 1 152 252 2P 352 3P4

2) Period and group of each Lagie S0 e panall 53 il
Mg : Period =3 , Group =2

S :Period=3, Group=6

3) What is common between these two elements in their location in
the periodic table ? €5 sl b Lagal s b (ippeinll 53y siiall a e

The common in the same period.

4) Lewis order for both of them ? ¢ LagalSl G ol i 5
e Mg e eSe
[ X J
O%ﬁm/ﬂﬂ/ é(gégﬁﬁa/ Qﬁé/éd—é
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Q5) Electron configration for fluorine is : 1s? 2s? 2p®

1) What is the atomic number for fluorine
The atomic number for fluorine =9

2) What is the number of secondary energy levels that full with

electrons, and named it
Lerand g i g yISIYL (e Al 4y o8 A8l culy sise 22 58 L

The number of secondary energy levels that full with electrons = 2
1S and 2S

3) What is the number of un paired electrons in fluorine atom
ol 350 A48 Rl pe Sl IV dae e e

The number of unpaired electrons in fluorine atom =1

Q6) Arrange elements by decreasing in their atomic size :
1Y Lpana (G alliilly jualiall ()

oHe , 10Ne |, 18Ar

oHe : 152 Period=1 , Group =8

10Ne : 182 252 2p° Period =2 , Group =8

18Ar : 15? 252 2P8 352 3p°¢ Period =3 , Group =8

All this elements in the same group , therefore the arrengment as
following :

oHe < 1gNe < 1gAr

Q7) What is the common thing between the following elements :
AV paliall o @ il ga

1) sLi , 1H
aLi : 152 251 Period =2 , Group=1
1H ;18! Period=1 , Group=1

The common in the same group.

O%ﬁm/ﬂﬁﬂ/ é(gééffﬁé/ (jﬁé/éjé
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2) 13Al , 17Cl
13Al : 15? 252 2p® 352 3Pt Period =3 , Group =3
17Cl : 182 252 2P 352 3P° Period=3 , Group=7

The common in the same period.

Q8) Name the period and group for each element : 1gAr , 11Na
18Ar , 11Na : raic Jde ganall 93 i) drandy o8

18Ar : 152 252 2P 352 3P6 Period =3 , Group =8
11Na : 152 2582 2P 35t Period =3 , Group=1
Q9) Write Lewis symbol for each of the following: 1S , sB
oo 16S , 5B 1sh lea JSI G g ey S
16S 1 152 252 2P® 352 3p4 eSe
[ X J

5B :1522522P1  eBe

Q10) Which elements are called noble gases in the periodic table
and what is the most important characteristic of these elements ?

¢ paliadl 28 Jaay Lo a8 Log oy sall Jsaadl (8 Al & 3Ll s Gl pualinll 8 Le
The last group on the far right of the periodic table (group VIIIA or
group zero), it is called the noble gases group. Elements completly
filled with electrons at the secondary shells s and p, and noble

elements are called (represented elements)

3l e sana cansi ¢ (i de ganall 5 VA Ao sanall) 55580 Jsaal) aay (ol 83 paY) de gandl)
(ALiaal) jualiall) Alill pualiall awiy e p 58 4 sl Adle Y 8 il g IVL JalSI juabiall lia 2Ll

Q11) How did elements blocks in the periodic table are arrange, and

what it's position ? ¢ lendse o Lo g sl Joaall 8 UK jualie (i 3 3 Cas

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 as follow :
S ) = paliall g IV 0 sS3 Le gt ) (5 ) (5 sinal) g1 3 g ¢ JIS )l () pualindl i ¢Sy
:glﬂ\ )Aﬂ\ A;s: ¢ (f‘d ‘p ¢

O%ﬁm/ﬂﬁﬂ/ Aé/ﬁﬁa/ (jﬁé/éjé
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1. s— Block Elements :

They are elements on the far left of the periodic table
s Jsaall oy oadl 8 jalic L

2. p— Block Elements :

These elements are located on the right side of the periodic table
LSJJJ\ d}-‘éj\ (e w—’y\ &—\-\\AM L_;.:: )ml_:zj\ FRY J;).a

3. d — Block Elements:

These are elements at the center of the periodic table .
cgos Jeall o g A pealiall oda

4. f— Block Elements

These elements are located at the bottom of the periodic table
s Jsaall Jaul 3 jualiall s34 2 g3

Q12) How many secondary levels and orbitals and electrons in each

of primary energy level (second , third) ?
(S ¢ ) A 5V ABUAl il s (e s sse JS 8 il g IV 5 <l laall 5 Ay sl O gtsal) dae oS

The second primary energy level contains two secondary levels (s,
p) , four orbitals, and eight electrons

The third primary energy level contains three secondary levels (s, p
, d ), nine orbitals, and eighteen electrons

Q13) Answer the following questions according to 17Cl and 11Na ?
917Cl and 11Na 4 5 40 3yl e sl

1- Write electron configuration of them
17Cl : 152 252 2P6 352 3p°
11Na: 182 282 2P6 331

2- Show Lewis structure oo
: cl ® e Na
( X J
O%ﬁm/ﬂﬁﬂf é(gégffﬁé/ Qﬁé/éjé
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3- Show primary and secondary energy levels
17Cl 1 182 252 2P 352 3P°

3p°
]

H

332

N
)

P

Energy ingreases

N
(]

S

182
|

11Na : 1S% 252 2p® 35!

351 3P 3d
o LT T LT TT]
2
‘é’, 252 2Pt
é (h] T4
@ 182
-

4- \Write number of unpaired electrons
Number of unpaired electrons of chlorine = 1

Number of unpaired electrons of sodium =1

O%ﬁm/ﬂﬁﬂf é(é)/ﬁﬁa/ Qﬁé/é d‘é
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5- Number of electrons for each primary energy level around each

nucleus

Chlorine :

Number of electrons for primary energy level n = 1 contain 2

electrons

Number of electrons for primary energy level n = 2 contain 8

electrons

Number of electrons for primary energy level n = 3 contain 7

electron

Sodium :

Number of electrons for primary energy level n = 1 contain 2

electrons

Number of electrons for primary energy level n = 2 contain 8

electrons

Number of electrons for primary energy level n = 3 contain 1

electron

Number of secondary energy level that are filled with electrons

Number of secondary energy levels that are filled with electrons for

chlorine = 4

Number of secondary energy levels that are filled with electrons for

sodium =3

7- period and group for each atom and what is the common
characteristic between them

17Cl : Period =3 , Group=7

11Na : Period =3 , Group=1

The common in the same period

O otrarmmed Aﬁ)fff@/ Q.

CHAPTER 1 | —




m

Q14) How metal and nonmetallic properties are classified in for

each ( second period fifth group)
(el G ganall 4000 5 yiall) JSI A panadl) 5 dpanall Gl sl Caliat o

In the second period, there is a gradual change from metallic to

nonmetallic properties.
Jgiaeall e (ailiadll ) Al ailiadd) e a i s clia ¢ 40 s ) &

Nitrogen in group VA shows nonmetallic properties antimony and
arsenic show metalloid properties. While Bismuth is the last element

in group V and it shows metallic properties.
S ] aibiad gy 3l 5 G sadiiY) i ¢ Aanal) e Gailadll VA de sanal) A un s i) seday
dpiaeall Gailadl) jela g dudall de ganall 8 Al jaiall s gl Lty

O%ﬁm/ﬂﬁﬂf é(fl/ﬁﬁa/ Qﬁé/éjé
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GAPTER 2

GROUP IA & [1A
2—1ELEMENTS IN GROUP IA& GROUP 1A

Elements in group IA and group IlA are found on the left side of the
periodic table as in the figure below. The first group (1A) consists of
the alkali metals: Lithium (Li), Sodium (Na), Potassium (K),
Rubidium (Rb), Cesium (Cs) and Francium (Fr). Francium is the
only element in this group which is prepared industrially. Group I1A
consists of the alkali earth metals: Beryllium (Be), Magnesium

(Mg), Calcium (Ca), Strontium (Sr), Barium (Ba) and Radium (Ra).
OsSE obal JSAN 8 LS (5 ) sal) Jsandl (e sea¥) cailad) e 1A de senall 5 1A Ao sanall A paliall 2a 53
(Rb) pssxus V5 (K) pssulisdl s (Na) posmdsall s (Li) asalll i) il 31 e (1)) (JsY) de sandll
OS5 Gelia o jumald ol (Al de ganall o2s (8 an gll juaiall s o sausl Al (Fr). o sesil Sl 5 (Cs) o5 sanadl 5
(Sr) pusiii s sindl 5 (Ca) pssnd Sl 5 (Mg) pspssiaall 5 (Be) pssbisall tdyslall (= 81 alae (e 1A Ao sanall

. (Ra).as) )5 (Ba) pseoldls

These elements are arranged according to the increase in their

atomic numbers . L0 ladlae | 8ol Gy yealiall oda i 53 ol
1 18
_hl_ VIIIA
H lle llllsA 1{/4,\ \Ifi \’IIGA vﬁ,\ ‘He
Li | Be Blc|N|[oO|F|Ne

| 1 13 14 15 16 17 I8
3 4 5 6 7 8 9 ;o on 1 £
Na| Mg| s w8 vB vip viB,«—viis—s 8 us |Al| Si| P [ S [ Cl|Ar

K| Ca lS(: ‘lTi V Cr| Mn| Fe| Co Nl ”Cu ‘”Zn ;Ga ere \As Sc MBr Kr

4

Rb| Sri Y | Zr| Nb| Mo| Tc| Ru| Rn| Pd| Ag| cd| In|'sn|sb| Te| I | Xe

b

'Cs| Ba| La| Hf| Ta| W| Re| Os| Ir | Pt| Au| Hg| T1 | Pb| Bi | Po| At| Rn

104 10

“ Fr .mRa ‘Ac Rf | Db Sg Bh Hs Mt ‘U""'Iltluu Uub

Ce| Pr| Nd| Pm| Sm| Eu| Gd| Tb| Dy| Ho| Er | Tm| Yb| Lu

“Th| Pa| U | Np| Pu| Am| Cm| Bk| Cf| Es| Fm| Md| No| Lr

Wﬁgfﬂmﬁﬂ/ é;é/ﬁﬁa/ Qﬁé/éﬁ‘é
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2 — 2 GENERAL PROPERTIES OF GROUP IA AND IlIA
ELEMENTS

1. The elements in these two groups have low electronegativity

and low ionization energy.
Amidie (i 4l 5 Aumidie Al jeS Ll Gie senall (ila b yualial

2. The outer shells of all the elements in group IA have one
electron whereas the outer shells of the elements in group 1A
have two electrons.

o omabiall Do LAl T Y) (g i Laiy 3ty 55 el TA e sanall (8 jualiall guand dua jlal) ZaleY)
Oy S e TTA e sandll

3. Belin /1t is not found free in nature . A=’ Because of their
reactivity. el Gy Aaglall 85 5m a5 Y

s Bvlin 7 The jonization energy of the elements in Group A is
greater than those of the elements in Group IA A"/ because
of the decrease in the atomic volume.

aaall (aliss) i TA 4o ganall 8 jualially Lalal) @lli e ST ITA de sanall & jualiall ol 48l
oM
Explain / Why lithium (sLi), sodium (11Na), and potassium (19K) are
placed in the same group despite their different atomic numbers.
@A a2l 8 LedDlia) ae ) Baa 55 3a ) (s 19K psanlisll 5 11NA a5 el 5 3L o silll jalinll pua 53
Answer / This is because the number of electrons in the outermost
energy level is the same. . a1 G s sied) & el 5<Y) sae (55 oy

The most important physical properties of group IA and IIA
elements :

1. Melting and boiling points decrease when the atomic numbers
of the elements increase.
- mabiall 00 e Y180k ) ae Gllill 5 Jleai¥) s 3 (adat -)
2. The compounds give different colors to the flame of Benzen
lamp. such as :-
= Lithium gives scarlet color .
= Sodium compounds gives shiny yellow color.

Wﬁgfﬂmﬁﬂ/ é;éfﬁﬁa/ Qﬁé/éﬁ‘é
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= Calcium gives dark red color .
= Strontium gives scarlet color .
= Barium gives yellowish green color.

3 A Gl s 0l i s o Al Al Ul S 5ol o

0 SR S ST S K\ VSR s PPV L SOSTR YOS ST B SVS P VERON T I 9N

hadll iV Gl b gl aey

3. The increase and decrease in the density of elements are

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

AU o eV 8 32V ae ¢ o lade B3l ae Aaliiie ye pualiall AU 8 Gliaiill g 5ol ) () S5

(Basie a2 YO) bl a A po die oLl ASUS (e B (K 5'Na s Li) ¥ DN jualial)

Some Chemical Properties : LSl pailiadll (s

1. The elements in group IA have one valence electron and the

elements in group |1A have two valence electrons in their outer
shells. They have the tendency to lose their valence electrons
when they inter into a chemical reaction. Elements in group 1A
form positively charged ions (M) and elements in group IIA
form (M*?),

Leidle 3 3015 5 S L) TTA e sanall b alinll 5 nl 5 1S5 (5 5S0 Lgd TA e sanall i juslinll -)
o maliall JSE | e Jelii b JA Ladie agy Aaldll ESH lg KU i Jua agadl L oa Al

JIA (M*2) i sanall JS& A jualic 5 (M*) Lndll Lo ge <ol TA de sanall

2. The combine with nonmetals to form stable salts with high

solubility except ®*«n/lithium which is less soluble in water.
Answer /- Because, lithium has small volume and the great
attraction energy of its nucleus to electrons.

A asialll O¥ el 3 GLsall 406 J8Y) A sl lae Le e olisd s Al 23l (Sl ol 31801 pa 2ai Y

ol g S ) il 5 508 i ALy s paa

Cy{/fﬁﬁgfﬂmﬁﬂ’ é;j/ﬁﬁa/ Qﬁé/éﬁ‘é
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&%
3. Belin 7 These elements are very active reducing agents.

Answer ' They tend to lose the external covalence electrons easily
because they are easily oxidized. ="/ Elements of group IA
are called "alkaline metals™ A"/ because their solutions are
highly basic. &/ Elements of group IIA are called "alkaline
earth metals" ~v/pecause some of their oxides are known as

"alkaline earth"
sl LY A gy o LA aablual) clig ySl) oplags ) Jaas Al ddads J) i) dalse o8 jealiall 22a-Y
ITA 4o senall jualic ot Aall dpulad Llgla Y "0l i " TA 4o sanall jalic oand A sun
) I iy e Sl s (Y ") G ) e

2 -3 SODIUM
,»'/" N \\
F Z e %\ Symbol of Number of
A b R / Energy level
F o \ energy level electron
| & | + \ A \
(W 11P | @ 4
& | 1 T §
@\ Ry /0 '
\ \ \ @ / 7 | K 1 2
\ X / /
\\ ~0— / //
N gt L 2 8
o 7
: g M 1
Electron configuration of 3

sodium element.

Chemical symbol : Na
Atomic number 11
Mass number +23

2 — 3 -1 Occurrence

Belain/ Sodium does not occur as a free element in nature A"/ 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.
JSin Al gAY jualiall ae daglall 8 syl Alelds Gy Gagdall 3 ja ainS o geall aa g Y
ol Al g o 50 guall GG 58 5 2 03 geaall 2 IS Jie 3 e LS 5
Belain/ 1t is preserved in liquids, with which it does not react like pure
benzene and kerosene A"/ pecause it burns when exposed to air.
o) sall dum ya die (5 ying 45V (pms g S0y I il i Lgma Jelity Y il g B Jai

Cy{/fﬁﬁgfﬂmﬁﬂ’ é;éfﬁﬁa/ Qﬁé/éﬁ‘é
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2 — 3 — 2 Properties of Sodium
A — Physical Properties :

1. Sodium is a soft metal and has a bright silvery luster when it

is readily cut. A sgans 4ndad oy Ladie ga¥ (b (3 g Al 5 peli (2na o 503 saal
2. It's density is less than the density of water. oL i< oy il L
. It melts down at (97.81°C). (Rasieda 2 AV,A)) die gy
4. Molten sodium boils at (882.9°C).

_(:\:\)&&)J/\/\V,Q)EJ\P:\;JJMQM\eﬁjﬁ\&

w

B — Chemical Properties :

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.
2xg M L) a3 ¢ a1 o sell o gl (o o Sl ok (e Lt (€Y o 85000 25
coanY) sl dadaall laats s jual 8
Explain / Why does the shine of a freshly cut piece of sodium
disappear after a while? €55 2y Bins o ghaiall o 503 gl Gl el 555 13

Answer / It's due to the intense oxidation of sodium by oxygen in

the air, converting it to sodium oxide.
s sall 2l ol Y 3ae ce) sell 3 CmnSY) Aaisl 0 a2 53 saall 5230l 5001 ) lld 3 gay

2. It directly combines with chlorine and burns when heated

together : Do e Ak die § a5 )5l a8 e ¢ ey
2Na + C(Clg — 2NaCl
Sodium  chlorine gas Sodium chloride

3. It reacts vigorously with water forming sodium hydroxide and
releasing hydrogen gas :
O soded) Ole (Bl g a0 geall S g Hua U Sa slall xa s g8y Jelihy

9Na + 2H:0 ———— 9NaOH + Ho 1t

Sodium Water Sodium hydroxide Hydrogen gas
O oammeed Admed QB oh
46
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4. It reacts vigorously with the dilute acids forming acid salt and
releasing hydrogen gas :
Cnsouel) e Gllhays oandla rle TS Adidall (alea) ge 55 Jeliy

9Na + 2HCl—— 2NaCl +  Hf
Sodium Hydrochloric acid Sodium chloride Hydrogen gas

5. It reacts with many oxides and chlorides as in the following
equations : A0 Yl 8 LS il oIS 5 2dSY) (g apall pe Jeliy

2Na + MgO ——— Na:20 + Mg
3Na + AlCl3 — 3NaCl + Al
2 — 3 — 3 Uses of Sodium: Y TLPION | JERINREC

1- Bxplain/ Sodjum is used as an active reducing agent in some of the
organic interactions A™"¢"/ because of its high oxidation.

A 52uSY) Ao W) Gy 4y gumall OO Glany (8 Jlad J) 380 JalaS 00 saall a2dliy

2- It is used in the production of sodium cyanide which is used in
purifying gold and in many other industrial applications.

G AY deluall cliphail) e el b Cndl) A5 8 addig Al & s seall il ) 8 addiy

3- 1t is used in mining to remove the oxygen of air which is

combined with the metals or which is found in their molten.
8 jeuaia 83 g sall sl Galaally abisall o sedl GuansT Al 3 cpaadll 8 anding

2-3-4  Test of sodium ion in its compounds
ALS jo 8 a s saall ol Ll
Flame test (dry detection) is used for this purpose.

Sodium gives the flame the yellow color .
a1 sl gl g o g0 suall | m ) 13g) (il ) ol gl paaiy

Flame of sodium yellow color

Wﬁgfﬂmﬁﬂ/ é;ilfiﬁﬂl Qﬁé/éﬁ‘é
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2-3-3  Sodium Compounds
1 — Sodium Chloride (Table Salt) : (Alakall k) o500 gaall 2y

Table salt (sodium chloride) NaCl is the most abundant sodium
compound in nature :
alal) 85 85 0 g geall LS je ST s NaCl (pspdseall 3 )5K) plakall #e

e It occurs in nature as rock salts . Lo S Al b s
e It also occurs as underground salt deposits .
oY)t mde Gl g JSE e Wyl aa 0 WS
e It is abundant with huge quantities in springs, seas and lakes.
oS Sy Gl sl g jlaall g anliall & iS5

Sodium cloride crystal

a — Extraction of Salt : alall 71 Al

If salt exists with high concentrations in sea water, the water is

pumped into large shallow pools to be vaporized by the sun .
UM‘LAJMJB)JJSM&)J@A:‘A\C“AH‘H\A:MEQLC &_\\).\S‘).ucid\ APJMBLE

Wﬁgfﬂmﬂd éjlz/ﬁﬁa/ Qﬁé/éd-é
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b — Uses of Sodium Chloride: s geall 3 6lS claladia

1. It is used as an essential raw material in the preparation of
many sodium compounds such as sodium carbonates (washing
soda) and sodium hydroxide.

(Jaadl 12 gam) s geall Gl )€ Sl agasall LS o o pall jaaat Gl G4 83lS aadiuy
psdsall 1Sy 2

2. Belan’ Sodium chloride is used in preservation of consumable
food for certain period of time such as meat and fish
Answer I hacause the concentrated sodium chloride liquid kills
harmful bacteria which case putridity.

208 il a5 o galll Jia Aima dia ) 5 yidl ASlginal) 4303800 ) gal) Jadn (A o g guall 518 aadiiny
) s 18 5l L) 56y S 5l o g0 sual

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

AR ) sl a5 ) i) U ¢ ghal) ALy b o g sl 3y 5 S catiy
¢ — Properties of Sodium Chloride : psnsall 25K (al A

Sodium chloride does not absorb water from air, it does not hydrate
whereas regular salt has the property of absorbing water (humidity)

from air .
25l (e

Hydrolysis : The process of absorbing water from air being wet .
Sl 6l sel) e slall (aliaial Ll ;" L) Jlall”

Explain / Table salt is a hydrated substance. Aok ) sala pladall mle / =

Answer / The reason for this hydration is that it contains impurities
of calcium chloride or magnesium chloride or both. These two

compounds have strong tendency for absorbing water from air .
O LeglS gl o spielall )50 1 sl 25 IS e il gl el giad cuda i 138 e /sl
1 sed) e slall pabiaia¥ (58 Jae Legd (S Al

Question / what is the difference between table salt and sodium

chloride ? Why ? €IS € g sual) 305 o5 alalall b (s (3l La /
Cloammmed Noomed QS o/
49
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2 — Sodium Hydroxide (NaOH) : (NaOH) 42 small 30085 08

Sodium hydroxide is a solid substance and it is hydrated when
exposed to humid air. The hydrated layer of sodium hydroxide
reacts with carbon dioxide in air to form a layer of sodium
carbonates Na,COs; which is insolube in concentrated NaOH

solution. A dry layer is formed on sodium hydroxide grains.

2S5 e Al il Jelins b )l o) sell Lguia o die Lgha 55 oy g dolia Bale a0 seaall 2S5 0

Gl A8 e s s NagCO3 asseall Gl g S (e dda 0 58 6 gl (8 G 5 <)) 1S U ge p 523 puall
s sall 1Sy pam Sl e Aila dik o <5, Sa NaOH Jslas

2NaOH + COg ——— Na2C0s + H20

Sodium Carbon Sodium Water
hydroxide dioxide carbonate

Explain / When sodium hydroxide grains are left in a humid atmosphere, they
form a dry layer. Al Hiak JS5 Ll by s o oyl S 50 i oy Laie

Answer / Because the hydrated layer of sodium hydroxide reacts with carbon
dioxide gas, forming a layer of dry sodium carbonate.

532 eal) 535S (Al A1S8A (g g0 S ST G 5LE e Sl o 503 eall 305 52 (g Ailal) A (Y

PHN
Sodium hydroxide is a base with a great tendency
to dissolve in water. It is used in many industrial
fields.

Aaladinl oy elall A Ll S Jae I3 328 (e B le o g geall 2S5 0
deliall @Y e oall 3

Q/ What are the uses of sodium hydroxide?

Sodium Hydroxide 1. Soap and detergent industries, textile, and paper
manufacturing. Gy ceeill s clilaiall s o sbial) clelia

2. It is used as an essential raw material in the

preparation of many chemical compounds used

In various industries.
8 Aandiaal) AlaSl LS yall (e el jamad 8 dpulal Bl 5alS aadind
Cleliall Calisag
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2—-4 CALCIUM
/‘_\
N \\
‘///’ = N ) \. \ Energy level PrinCipal Nlln]ber Of
T N . N\ \ quantum number electron
y.. & / A \
[ [ / X
009 ( foor) ) o 20
0o\ G ) 99 K 1 2
\\\ i N : ,//’
. - )
\ \\\ ~Na o o’ ,’/ / L 2 8
\\ \\\ L J //, /
M 3 8
Electron configuration of calci-
um element. N 4 )

Chemical symbol : Ca
Atomic number 120
Mass number 240

2 —4 —1 Occurrence

Bxplain /- Calcium does not occur as a free element in nature

Answer/ pecause of it's high activity.
sl adalis g daplall (& s aieS s gaullSlh aa 5 Y

Q / Where is calcium found in nature?

¢ It occurs in combination of other elements as in the forms of

carbonates such as alabaster and limestone, sulfates such as
plaster, phosphates such as calcium phosphates or silicates.

il sl 5 gl saally jeall Jie il g SI QIS 8 Jad) 58 LS (5 AY) jualiall (e de sane go 23

Sl gl a sandlSI i b Jie ciliu gill 5 anll Jia

¢ Calcium is obtained by the method of electrolyzes of molten

calcium chloride and fluoride.
sty s o g€ 3y SIS L S Qi A8 sl o gl e Jemnll o

¢ It occurs in some kinds of food such as milk and fish.
Al 5 Caudall Jie daxdaY) ¢ gl Gany (8 2 s
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2 — 4 — 2 Some Calcium Compounds
1 — Calcium Hydroxide Ca(OH); :

It is prepared by adding water to calcium oxide CaO
(quicklime).This process is called "hydrating lime" which results
calcium hydroxide which is known sometimes as "hydrated lime".
Pure calcium hydroxide solution is called "pure lime water" as in the

following equation:

i s " Sl el Dleall s iy (a1l ) CaO sl Sl ) el A8zl o jucand oy

"l el o IS 2S5 50 e e "ilaall el s Uliad G jay 5301 5 S 20 5 000
) Alslaall 8 LS

CaO + HLO —— Ca(OH):

Bxplain 7 \When exposed to carbon dioxide, CO, lime water

becomes impure A"/ because of calcium carbonate as in:
Gl K 48 e 4yl bl i ¢ COg 0508 sl JlE Lga jas xie

PP PAPPIRAILN|
Ca(OH): + COy —— CaCOs}+ Hz20
Solution Calcium Carbonate
(lime water) | (White precipitate) |

(turbid solution)

Calcium Sulfates occur in the form of plaster CaS0O4.2H,0 whereby
two molecules of water (crystallization water) combine with solid
calcium sulfates. When heating gradually removes crystallization
water, plaster turns into "Paris Plaster" (CaS0,),.H,O Paris plaster

is used in building, statue making and casting .

Gl S e (sl ele) elall e cp ja 2adhy Cus CaS04.2H20 pas JSE e o Sl Gl S 2a 6

Paris " (CaS04)2.H20 ") asll dsaiy ¢ skl sla Uag )y cpdndll 3 Ladie Abiall o <Y
. uall g Jiladll aiiay el & Paris g=s a23%w Plaster

Wﬁgfﬂmﬁﬂ/ ééé/ﬁﬁa/ Qﬁé/éﬁ‘é
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Chapter Questions 2

2 — 1/ Choose from the brackets to complete the scientific meaning
in the following : P ) b alall el JLSY el Y1 G e i)

1 — Which one is the first group elements ?

a) Helium b) Radium c) Sodium d) Boron
Ososd (2 assall (z asnlll (@ asled (i ¢ e ganall jualic Jl Legd- )

2 — Why potassium is more active than element of lithium?
a) Its atom has two valence electron.

b) Its atomic radius bigger.

c) Its atom don't have valence electron.

d) Because its free in nature.
Sasflll juaic (pe Uali ST a gl sl 13- ¥

S 05 ) e 50 (558 Y (g ST ol Lkl i (o (S 0 ) Gl g0 5 (]
Ldrndas 3 LY (2

3 — What is the oxidation number of magnesium element in its
compounds? (1,2,3,4)

(£¢Y ¢Y 1) als po b aspmina) paic 3auSioe ale- ¥
4 — If Lithium atom loses its equivalence electrons, it convert to
a) single positive charge ion
b) a negative charge
c) dipositive charge ion
d) di-negative charge ion

S Jsai Lld ¢ Alalaall Uil g iU ol 5,3 candd 13)- ¢
qu‘;;u:moﬁi(g :\;ﬂ\@mmdﬁi(c Alls daas (@ sm):\g;ﬁmoﬁi(i
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2 -2/
1. What is the difference between normal plaster and Paris plaster ?
$ ub pans gl paadl G @Al L) /Y - Y

Normal plaster : Chemical Formula is CaSO4.2H,O occur in the

form of plaster whereby two molecules of water (crystallization

water) combine with solid calcium sulfates.

la) elall (e Cpija 2athy Cua s I3 e S8 CaS04.2H20 (& il Ll s galall (aall
Adiall sl Sl Sl S ae (sl

Paris Plaster : Chemical Formula is (CaS0O.)2.H>O When heating

gradually removes crystallization water from normal plaster turns

into Paris Plaster .
@bl Gaall (e bl ela U i el i 5 Ledie (CaS04)2. HoO (o Ailbeasl Lpall 1w ) an
ool e Al dsady

2. Why sodium chloride is important for industry ?
§ dcliall aga a9 guall 3 ) IS 1ALI-Y

It is used as an essential raw material in the preparation of many
sodium compounds such as sodium carbonates (washing soda) and

sodium hydroxide.
(Jawssdl 13 50) a5 guall Cligi)S Jia agdsall GlS e o 22l juiasd 6 dulad ald 30laS axdinyg
s sall 2S5 5

4. Barium has more metallic properties than beryllium. Why ?

I sy pall e ST Aiaea Gl 52 e o g L) (5 iy T
Because Barium and beryllium are located in the same group. When
the atomic number increases the metallic properties increases
within the group, So Barium is more metallic than Beryllium

because it is the most atomic number .
Jals Al aibadl) sl 3 ¢ g M aaedl a5 Ladie Ao sanall (i (8 Ol sa se syl s as il O
Lot ST A ol e 430 ST g U (068 I ¢ e sanal
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2 — 3/ Explain the reason of followings: Y o 53

1) Aluminum 33Al is not found in |A group .
TA 4o sana (8 253 50 e Al psiialY)

Because it has 3 electrons in a last shell .
S REH D RCT LR R i PP NP

2) Sodium is stored in petroleum. Js il G o s sl (G 335 oy
Because it burns when exposed to air . o) sall 4 a3 e (5 yiny 43V
3) Group IA is called alkaline metal. 38 Gana ool TA Ao sl
Because are solutions is high basic. Ale Lol el glae (Y

4) Sliced Sodium loses its shining after some time.
Bl pany )5 e 2m Lely g a g seaall ) i 26 £

When a sodium is exposed to moist air, loses its shining after some

time because It directly combines with oxygen and the form a layer

of sodium oxide .

O Al (S5 €Y1 e plae (S8 3T asY 858 2ay s 2k ) 6l sell g gl ia jas Lasic
. o5 saall STRLY

5) When granules NaOH are left in wet atmosphere, they first fade

and then form a hard shell.
Aalia 3538 IS5 5 Y 5l 33 Lild ¢ by a8 NaOH cls & 555 Laxie (©

The hydrated layer of sodium hydroxide reacts with carbon dioxide
in air to form a layer of sodium carbonates Na,COs which is
insolube in concentrated NaOH solution. A dry layer is formed on

sodium hydroxide grains.

235500 (e Al Al Jeli o ) o) sl Lan ye5 i Ly 55 5 Al oo o 503 suall 200 5 yum

s JE e 58 s NagCO3 assmall s S (e dida 0 Sl 6 5l (8 () 52 )SI 20T (36 g 0 503 gual
esmeall 2550 Gl o Ails Ak S5 S NaOH Jslas

2NaOH + COg —— Na2C0s3 + H20

Sodium Carbon Sodium Water
hydroxide dioxide carbonate
O oammeed et QS
55
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2 — 4 Explain :
1 — Calcium loses two electrons easily A gy (315 1) 0 spuall Sl i,

The valence electron are located far from the nucleus so its
lonization energy decreases so it is easier to lose.

i Jeuyy Ul 5 43 Lalad) ol d8la i 1A ¢ 3l i) e 13y SISHN ()5 ) a8y
2 — Put the elements Lithium, Sodium, and Potassium within the
same group, although different in the atomic number,

(A el 3 Aalide oS ) 5 e senall udl e a sl sl 5 a5 eall 5 o sl palic aua oY
Because this elements It contains one electron in its outer shell. So
they have the same physical and chemical properties .

AlaasSl) 5 A 5l pailiadll i agaad SN s LAY LBl A aal s o)) e (g siad pualiall o3a Y
2 — 5 What is the difference between pure salt (NaCl) and unpure
(NaCl) ? (NaCl) &l e s ( NaCl ) il mld) g il L

pure salt (NaCl) : Its does not contains impurities and it does not
absorb water from air.  clsell e eldl aie Vs il e 50 Y 2 (NaCl) o e

Unpure salt (NaCl) :

it contains impurities of calcium chloride or magnesium chloride or
both. These two compounds have strong tendency for absorbing

water from air .

O LeglS ol o spninall 208 ol sandlSH 2y I (g0 il 55 e (gging © (psdseall 2 I) B e e
sl (e elall Galiaial (5 8 Jie Legd (LS all
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CHAPTER 3

GROUP 1A
3—1 GROUP IIIA ELEMENTS

The outer shell in IIIA group atoms contains same number of
electrons despite they are different in their atomic numbers. The
elements of this group are: Boron (B), Aluminum (Al). Gallium
(Ga), Indium (In), Thallium (TI), as illustrated in the following

periodic table.
(T1) a5 ¢ (In) psexY) ¢ (Ga) psalad) (Al) pssial¥l s (B) Ososil (o8 de sanall 028 pualic (g3
A sl Jsaall (8 mimse 2 LS

|&=

CHAPTER 3

. H | ua He |
metalloid ——
Boron B Li | Be BYC|N|O|F |Nef
! ‘,\‘.1 Mg m'n |\‘n \\n vin \w.u <‘7 u}m g :.‘- |J|';| ARl si|p|S|a | \IJ
Aluminum ; vl
A] K |Ca|Sc|Ti|V|Cr|Mn| Fe| Co| Si| Cu| Zn| G&§ Ge| As| Se | Br| Kr/|
: Rb| Sr| Y | Ze| Nb| Mo| Tc| Ru| Rh| Pd| Ag| Cd| In}| Sn| Sb| T I | Xe
Gallium Ga Metal - ? ‘
Cs| Ba| La| Hf| Ta| W| Re| Os| Ir| Pt| Au| Hg 1] Ph| Bi | ¥ At| Rn|
Indium Wln | Fr| Ra| Ac| Rf| Db| Sg| Bh| Hs| Mt| V) U] Uuby
Thallium |7y \,‘3,% Pe| Nd| Pm| Sm| Eu| Gd] b Dy o £ o] 10| 10
‘ Th| Pa| U | Np| Pu| Am| Cm| Bk| Cf hl Fm| Md No| Ir

3 -2 GENERAL CHARACTERISTIC PROPERTIES OF GROUP
IHA ELEMENTS

1. The elements of this group are metals except Boron which is

metalloid. S8 s sl e Le galas e B le Ao sanall o3 yualic

2. Belen/ The jonization energy of group I1IA elements is less than
the ionization energy of group I1A elements.

MA 4o sanall joalial () 28Ua cye JE A 4o sanall jualial ol 28U

Answer The main reason for this is that the elements of group [H1A

elements contain one electron in the secondary shell (p) following

a saturated secondary shell (ns) .
COe any () 8 MR 8 aal s D) e s 513 TTTA de sanall yualic () g Al i Sl )
(ns) g 5 58

Cy{/fﬁﬁgfﬂmﬂﬂ/ ééi/ﬁﬁa/ Qﬁé/éﬁ‘é
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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 increase of their atomic volume.
ol ddla b alass) ) ale JS (il ) el () de ganall 2 pualial (500 22l 352l 3 o
Lo Lpaaa 330 ) s Ll A
3. It is the oxidation number of these atoms is (+3). However, they
tend actually to form covalent bonds.
Apaa b Jasl 55 0S5 () @5l (8 ol Laild ¢ lld gy (F4) 58 il o3 3] ae
4. The oxides and hydroxides of the elements of this group are
characterized with an increase in the alkaline characteristic and a
decrease in the acidic characteristics as the atomic number
increases. Thus, the agueous solutions of boron oxides are acidic,

whereas the aluminum oxides are amphoteric.
dpaaall cliall 8 (nlessl s d lll Lualall 8 5al 3 de senall 028 jualic ClanS s a5 Sl lia- ¢
Aoide i V) ST o G B ¢ Apaen (5 sl 20l SY Alall Jllaall ¢ L 5 5530 aaed) B0 ) ae

Exercise 3—-1

Compare between the ionization energy of elements in group I1IA
and I1A. TTA 5 ITIA e senall (b jualiall (ol 2Ly ) )18

Gallium (Ga) Indium (In)

Wﬁgfﬂmﬂd ééz/ﬂﬁa/ Oﬁé/éﬁ‘é
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3—-3 ALUMINUM

Shell Symbol | Shell Number (n) | Nurmber of Electrons
K 1 2
L 2 8
M 3 3

3 -3 -1 Occurrence :

/’_\\
// ” ",h(:._\ N
/ (’ . N \\\
/ a9 = \
/ A / + I\ \
*2 | 13P &
\ @ 4y |/ @ y
e /
\\-O-/
Electron configuration of
Aluminum

Chemical symbol: Al
Atomic number : 13
Mass number 57

Dodsxs

Aluminum metal is reactive chemically . It is found combined in a
great number of different compounds. Aluminum is the most

abundant metal in the earth's crust.
ST 5 gt ) AR LS Jall e S 230 6 dadine Lgle ) gial) o LilaeS Jeliie p sl 3ee

A,V B il 85 85 alall

It makes up about 8% by weight of the earth's solid surface.

alaall V) e (355 e ZA s IS

The row material of aluminum is ;

D o saia s AENIEEN|

1. bauxite Al,03.2H,0 . It is the aqueous aluminum oxide and it is
the main source for aluminum extraction.

stz A0 st N saadll a5 Sl o siie s 2S5 5 A15O03.2H20 anSsll )

2. Cryolite (NasAlFs) is a fluoride of sodium and aluminum (sodium

hexafluoroaluminate) it is one of the most important sources used

in the extraction of aluminum.

pal 2l 5oy (asseall Clisadll 5518 (oulan) osaial¥)y osiageall 25l 58 (NasAlFs) cul s SN LY

sl (adaiul A deadinall jaladl)

59
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3 — 3 — 2 Extraction of Aluminum: sl Gada)

The Hall process : is the major industrial process for aluminum
extraction . o il 21 5350Y s ) e liall dlaall s 1 J el dulee

Alumina (Al,O3) does not exists naturally. It exists in the ore of
Bauxite (Al203.2H,0) with other impurities of iron and others.

sl (e A )58 aa (Al203.2H20) oS sl pla (8 22 0 anhs IS5 353 90 e (AlO3) Lise 51!

L

e The Bauxite (Al03.2H20) is chemically purified to exelude

impurities to obtain pure aluminum oxide (Al203) (alumina)

which has a high melting point and being melted in molten

cryolite.
(Al203) &l o sia 1Y) 20l o J semall il 5l 21 AY WaasS (AL203.2H70) s sl 25 oy
J_}@-A.AAM n_\ﬂy‘)g\‘_ga‘)@.aﬁ}:\_\kc JL@..A.I\‘LESJ‘U@AM (hu_gjy‘)

Explain / Being melted alumina in molten cryolite.

il gy KU Ui Y1 53 S/ 5
Answer / The molten cryolite decreases the melting point of
alumina. Lisa 1Y) lgaail a3 o geaiall il g SN J / Gl 5a)

e Itinvolves electrolyzing pure alumina (Al>O3) in molten cryolite

bath at a temperature of (1000°C) by using carbon electrodes.
(Rasieda o) v v) 5ol ada o die ) seean il S dlea (8 (AlpOg) 4 Ui 1Y (5 S sl ey

O S Sl alasinly
e The molten, then, is poured in an

electrolytic cell.
A g iSRS 8 ) geemall S ¢ lld amy

o As the current passes
through,aluminum accumulates at the
bottom of the cell. Then, the molten

aluminum is pulled gradually
pial¥) ins oy 8 AN 18 8 stV aS) 55 ¢ L) 5 0 e
l\;ﬁ).ﬁ )}@..AAM

Ny

Al
Hall cell which is used to obtain aluminum.

Wﬁgfﬂmﬁﬂ/ ééé/ﬁﬁa/ Qﬁé/éﬁ‘é
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3 — 3 — 3 Properties of Aluminum :  assial¥) al

1 — Physical properties : 40 5l Gaileadll -

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

ebeSl 5l sall an dhage 8 5 da gale JSE il AUS 33 acls b (32 st sl
2 — Chemical properties : : Al (al 521)
A/ Oxgen effect on Aluminum asial¥) e s 1 il

Explain / Aluminum has the ability to resist corrosion .

LSU A glie e 5 )adll o gl @lliag [
Answer / Because that the surface of Aluminum oxides 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 .
858 (Gaarli o gria oY) 20T (g 488 ) Aikay iphait o o gl A o Nie st 51V 2lST s O / Gl sl
58V e 2 jall el g andany
B / Aluminum powder burns vigorously with a bright flame
releasing great energy . BopS Al (llay paY gl e B 5 (3 i o skl (3 e -
The reaction occurs according to the following equation :
:adll) Adatall @éj Jelatl) Chasy
4Al + 302 —— 2A1203 + Energy

Aluminum Powder
C / Aluminum is a reducing agent Jise ddle 8 asiaslVl -

Thermite process : is 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 .

8ol al e S 38 we Al (g 58 Je il (TTT). wasdl 205 o saialY) (3 sansn (pn Jeliil) o rule il dlee
oA e Sl 5 a3 gl 5 ¢

The reaction as in following formula :

2A1 + FeaO3 — AlOs + 2Fe + high temperature

Aluminum  Iron (ITD) oxide Aluminum Oxide Iron
Powder
O oammeed Admed QS
61
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¢ This reaction is used in welding steel machines
bl alad eyl G Jelal) s aading

¢ Aluminum is also used to extract some metals
from their ores
Lolald e galaall (s 2 5350Y  srial) aading LS

D / Reaction of aluminum with acids and bases :
Daelsill g (el pe o saial¥) Jeli -

Thermite Reaction  Alyminum reacts with dilute hydrochloric acid
easily to produce hydrogen gas and aluminum

chloride component :
Dot sl 2518 0 Sa s s el e LY Al sean Caidall ol IS5 Huel) e g saial) Jeliy

2A1 + 6HCI 2A1Cl3 + 3H>
Aluminum Hydrochloric Aluminum Hydrogen
acid chloride gas

Explain / Aluminum does not continue reacts with both concentrated

and dilute nitric acid .
aiiiall 5 5 el ol il (e e JS e i) 8 o ssialY) el Y/ £ 54
Answer / Because aluminum oxide (Al,O3) forms a layer which

isolates the acid from the metal, therefore the reaction stops.
el ci g by ¢ gandl e pmeall a3 A JS& (A1203) pssie sV 3asT 0 / 3aY)

This property helps to use aluminum containers for storing nitric
acid. i) mala 0 530 o sl il s aladind 8 dualal oda el

Aluminum reacts with basic solutions like sodium hydroxide or

potassium hydroxide to release hydrogen gas and aluminum salt.
O souell e BIRY o salisall 2S5 50 sl o g0 gaall 2 5 pa Jie L) illaal) ga o sialY) Jeliy
ool lay

It is worth noting that aluminum reacts with acids and bases to

release hydrogen gas in both cases. This behavior is called

Amphoteric Behavior.
138 oy Ol WIS 8 Cpm g nell 5le Gl a5l 5 paleal) ge Jelith o sbal¥) o 3 LYY aais
il @l gl &l L)
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Exercise 3 — 2 / Compare between Aluminum and iron oxidation
reactions that effected by Air .

o) sl S A paadl g o a1 sansT e (s ¢ 8/ YSY G e

3 — 3 —4 Uses of Aluminum o sl Cilaladiud

aluminum is a metal with "self- protection™ against erosion. This is

not the case with iron why ?
3L panll ae Jadl 2 138 Gl ST (e A0 dlea Al (haxa a sasall)

Aluminum when exposed to air, it forms a thin but firm layer of
aluminum oxide which sticks to the metal and protects it from

oxidation .

B2SY) (e gty Gnalls (paaili o sria 1Y) 2l (ha Aiia (K1 AES ) Alda JS o ggll A s die o gaialY)
While this is not the case with iron because the thin layer of iron
oxide (erosion) is very thin and fragile, it lets air, oxygen and

humidity penetrate the metal. Therefore, the erosion continues.
e Lld ¢ Adin 5 s 488 (JSU) aaa) 2T (e 488 1) Al (Y sl ae Jad) a Gl 138 O s 3
S ey ¢ AL Ganall (3 5380 Ay gl )l 5 CamnSYI 5 6] 5l
1. Aluminum can be used in electrical wires whereby its
connectivity is twice as much of that of copper, therefore, the
diameter of Aluminum wires is larger than that of copper.
Gl e a Ml ¢ Culadll Jlad) ieca alua 6 o) Sy i Al 5eSU SLY) 8 o saial) aladin (e
ol i e LS e}:ﬁ“m‘
2. BelainAlyminum is used in electrical wires in on a limited level
33350 (5 sl o Al eSH LYY 8 o sl padiy / Jle

Answer / Because is expands and shrinks 39% more than copper
when exposed to the same heat.

Bo1al) (il dm e die Gl (ga ST TR iy (el g 2adhy 40 / AlaY)

3. Thin aluminum alloys are used to make kitchen utensils, plates,

chairs and many other products in Irag.
& oAY il (e el s o S5 G saaall g gdaal) )l Aelia 8 488 )1 4 gl el aadiis
REBS

Wﬁj;ﬂmﬂ/ ééé/ﬁﬁa/ Qﬁé/éﬁ‘é
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Explain / Aluminum alloys are also used to make cans and

containers to preserve liquids at a very low temperature such as

oxygen, argon and nitrogen .etc.

P Laddia 3 ) s da ) ie Jil gud) Jlo Blialldie V15 el delia (8 Wiyl o srie oY) @lilas axdins / Jle
sl s 0 sa Y5 ey i

Answer / Because of the fact that the lower the temperature the

harder aluminum gets.
Al S a sV el ¢ Bl jall da 5o Cuzadds) LS s Al Cas / Gl sl

¢ As for the elements mixed with aluminum in making alloys, they
are lead, copper, zinc and magnesium.

o smiall 5 &b 5l uladll 5 (alia )l g8 liludl delia 8 o il Vlids g jaall jualiall L

3 —3 -5 Aluminum Alloys : D pssia i) il
The most important aluminum alloys are :

1. Duralumin Alloy : HSTOT BYSEINIVEY

This alloy 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 .
Sl e g 5ia3 8 o sainall g el (e b jpiis $aS A s saie 1Y) e Al asd (g A0l 230 () S5
il ) el sl aadid gb 131 dlin 5 46da ASpull oda U

2. Aluminum Bronze Alloy : 135l 5 o saie oY) ibass - Y

This alloy consists of a small percentage of aluminum and a high

ratio of copper and other metals sometimes.
Blal oAV Galaall y Galaill (g Alle iy o gaie 1Y) (1 8 pm dansd (e ASsauall 02 (S5

Cy{/fﬁﬁgfﬂmﬁﬂ’ ééj/ﬁﬁa/ Qﬁé/éﬁ‘é
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3 —3 -6 Aluminum Compounds : ! pasieslY) IS 5

1 — Aluminum hydroxide Al(OH)3 : : A(OH)3 astiesl¥ 2S5 50 -

It is result of a reaction between aluminum aqueous solutions of
aluminum salts like (aluminum sulfate) Al>(SO4)s with sodium or

potassium hydroxide .
& Al2(SO0)s (psiesl) SiS) die psie V) 23y L) psie ) Qs G Jolis oo gy
PETNL PP JPPTEPTR TR PR

Aluminum hydroxide is a white gelatin material insoluble in water.
el (B LA ALE y eliay 35Dl 32be o sieslY) 2S5 2

2 . Aluminum Oxide Al.O3: P AloO3 pssie sV 2ausi-Y

Results from excessive heating of aluminum hydroxide as in the
following formula :
A Ll (LS e g1 305yl Dol il e gty
2A1(OH); ——— Al:03 +3H20
3. Alum: Dl -y

When two equal amounts of aqueous aluminum sulfate and
potassium sulfate with crystallized water molecules in a fixed mass

ratio .
Ao 85 ) slaiall elall Gl da ae o sl sl il S 5 Al o srie sV G 5SS (e 4 lsia ClLaS D9 5 2ic

RULELS
The general formula for Alum is KAI(SO4)2.12H,0 . Itis also called

Potassium alum .
ol d Ul ey s KAI(SO)2.12H20. (& il ddlall daguall

Wﬁgfﬂmﬁﬂ/ ééé/ﬁﬁa/ Qﬁé/éﬁ‘é




m

_—— | CHEMISTRY 5

Normal Alum has many uses as : P Jie sae cilabadiul (galall il

1. A sterile minor cuts, whereby it helps blood to clot easily because
it dissolves in water and Al(OH)s deposits on the wound and

stops blood so it clot.
zoal e AIOH)s oS ks slall (2 s Y A s Lalaill e aal) aelod Cua Al Addna =5 0n )
Lalatid aall (il 5y

2. Itis also used to make dye permanent on textiles .
il saiall e dails dxpall Jead axdiing Ll LS Y

3. In purifying drinking water . ol oloe A 4 Y

3-3-7 Test of Aluminum lons in Solution of Aluminum Compounds:

Do stie Y1 S je Jslae 8 asrie oY) gl lsial vovLY
Aluminum ion is identified in its compounds by basic solution such
as sodium hydroxide or potassium hydroxide whereby they react
with aluminum ion AI** to form a white gelatin deposit which is

aluminum hydroxide Al(OH)s as in the following formula :

S50 ol a s peall 2S5 e Jie bl Jolae Aol 50 48US je (B asia sl ol o oaill o

pstia sl 2S5 o 8 elian AiiDaa anl g ) (oS AT 4 sia sl Ol e o sle iy G gl o)
3l daall 8 WSAT(OH)s

Als* + 3NaOH —— AI(OH); } + 3Na*

Aluminum  Sodium Aluminum Sodium
ion hydroxide hydroxide ion
For example :

AlICls + 3NaOH — AI(OH)s + 3NaCl

The amphoteric behavior of Aluminum hydroxide :
o stie SV 23S 5 yugd el L)

¢ This precipitate, Al(OH)s, dissolves when sodium hydroxide

NaOH is added because dissolved sodium aluminate is formed

A3 o g0 el el 0¥ NaOH o smal) 2S5 3 Al vie ¢ AIOH)3 ¢ sl ) 138 sl
¢ It Al(OH)s also dissolves when an acid is added .

aea Aila) vie AI(OH)s Wad <y

Wﬁgfﬂmﬁﬂ/ ééé/ﬁﬁa/ Qﬁé/éﬁ‘é
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CHAPTER QUESTIONS 3
Q1) Which of the following elements is not found in group IlIA.
a) 31Ga b) 13A c) 12Mg d) 5B

Q2) Choose from the brackets to complete the scientific meaning in
the following terms :

1- What is the role of Aluminum for Thermite reaction?
a) Catalysis. b) Reducing agent.  ¢) Oxidizing agent
2- What is the percentage of aluminum in aluminum bronze
alloy ?
a) High b) Small c) 100%
3- Galium Ga is a member of group ( first, second, third)
Q3) Complete the following statements :

1. Aluminum reacts with acids to release hydrogen gas , while
when reacts with bases it release hydrogen gas, 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 the surface of
Aluminum oxides 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 .

3. Heavy heating of Aluminum hydroxide gives Al,O3 , H20.

4. Salt composed from potassium and aluminum elements called
. Potassium alum

5. The Aluminum behavior when reacts with acids and bases is
called Amphoteric

Wﬁj;ﬂmﬂ/ ééilfiﬁﬁ/ Qﬁé/éﬂ‘é
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Q4) Explain the extraction of aluminum and draw the figure.

e The Bauxite (Al03.2H20) is chemically purified to exelude
impurities to obtain pure aluminum oxide (Al203) (alumina)
which has a high melting point and being melted in molten
cryolite.

e ltinvolves electrolyzing pure alumina (Al,O3) in molten cryolite
bath at a temperature of (1000°C) by using carbon electrodes.

e The molten, then, is poured in an electrolytic cell.

e As the current passes through,aluminum accumulates at the
bottom of the cell. Then, the molten aluminum is pulled gradually

+

Negative cathode
Positive anode pole
. le (graph
(giaphice) pole (graphite)

Melted Na AlF_in
ot Co,
cryolite ALO, in

Q5) Select from list (B) what fits each statement in the list (A)
(A)

1- An element with amphoteric behavior. ( 4)

2- A reaction in which Aluminum reacts as reduced agent and
releases high heat energy that dissolves iron. (1)

3- Aluminum oxide ( 3)

4- Double salt of potassium sulphate and aluminum ( 2 )

5- One element of group 1A which is semi-metal (6)

(B)
1- Thermite 5 - Indium
2- Alum 6 - Boron
3- Alumina
4- Aluminum
Wﬁj;ﬂmﬂﬂ’ AL, Qﬁé/éﬁ‘é
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CHAPTER 4

SOLUTIONS AND EXPRESSIONS FOR

CONCENTRATION
HSA oo paidly Jod ool

4 —1 INTRODUCTION

Solutions are important in chemistry science with a great extent,
especially liquid solutions because they are the medium for
chemical reactions, whereby they help to happen interaction among

reacting substances.
e laill Al s LY AbL Jdlaall Lala g ¢ jaS an ) elasll Gl dage Jallacal) it dadie V- £
Alelaiall o gall g Jeld Gagan 8 2o lod Cua ¢ ikl

4 —2 SOLUTIONS

Solutions : It is a homogeneous 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).
anis ¢ aS Jelis Lagin aa g ¥ ST 5l Gl (il (g 0585 Auilate Lallae (e 5 ke a5 1 Jslal)
(P12) ansi Jslaall & JBY) 0 g sl 3 3alall 5 (Caudall) Jsbaall 8 4pde Y1l saldl)

This relation can be represented by the following equation :-
Al ddalaally A8l oda JHia S

Solute + solvent ———» Solution
4 —2 — 1 Types of Solutions : Jlall g1 5

There are several kinds of solutions, the most important and most
common are : B s b STy Leaal ¢ Jlall (e 1 32 cllia

1. Liquid solutions : when the solvent is liquid. Such solutions can be
prepared by : JYA e Jslall oda juaad (K Sl ) ()5S Lenie -ALL Jllaal)

Wﬁj;ﬂmﬂ/ éég/ﬁﬁa/ Qﬁé/éﬁ‘é
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. a. Dissolving a solid material in a liquid : As in the
KO% case of dissolving salt (NaCl) in water to get the
saline solution or dissolve sodium hydroxide in

water (basic solution) .
Jslas e J gaall ;LA\‘;(NaC]) el 43 Al 8 LS i 8 Alia sale 400
() Jsladll) elall 8 a5 suall 2S5 5o 4413 ) ale
b. Dissolving liquid in another liguid : Like dissolving
alcohol in water. Ll & Jonslas) Jie s jal Jile s Jid) 4403)
c. A gas can be dissolved in a liquid : Such as
dissolving hydrogen chloride (HCI) in water, the

resulting solution is called hydrochloric acid

solution (acidic solution) .
Jslaall amsy ¢ slall 8 (HCL) comsonell 2518 4130 e rdiles 8 Jadl 413) (e
(e dislaa) @l 5lS 5 haell Gaea Jslaey ol

Basic solution

HCl

H,0
HCI » HCI
Acidic solution Hydrogen Chloride SOlUtiOﬂ Of hdeOCh|Oride
‘ gas acid

2. There are other types of solutions as dissolving gas in another gas
like air . e sell Jia JAT e (A Sl 31 Jie Jolal) e a1 )il lia
3. Solid solution in another solid solution : like various alloys,

mostly coins and gold alloys .
A @il g el el Lgakina ¢ ddlidall i) Jie ;AT alia Jslaa A cila Jlas

4 — 2 — 2 Nature of Solutions:

Names of solutions vary according to the amount of the solvent and

the solute and also the nature of the dissolving process.
Ol Alee Aada U 5 QIR 5 culall daeS Cadialy Jllaal) lend Caliss @ Jglall danls

Wﬁgfﬂmﬂd é’;gﬂzﬁﬂ’ Oﬁé/ég‘é




ﬂmh

> L CHEMISTRY 3 CHAPTER 4

1. A 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.

2 A3 ol it Vs Il e ST A8 o (g sing 530 sl b tie sl

_M\M\}BJ\)&\&;)JJ&Q U\JAJ\UA

2. Super saturated solution : is the solution which a mount
of the solute is greater in any solution that the solvent is
able to dissolve it under normal conditions.

i3] el bty Jslaa (5 (8 ST 4 ol all 4aS (55 (53 Jslaall 5 sl (3 Jslae

Agalall oy Ll b

3. An unsaturated solution : is the solution which contains

less amount of the solute that is required for saturation

at a particular temperature and pressure.
da 0 die guiill Cgllaall ) (e Ji A0S e g iy oM Jgladd) oo rpadie e Jslas
el 95 ) s

Unsaturated solution

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.

Ladie 55 el oy o oSa 06l il Jglae 4l (lay ¢ Jslaall b 203l iy sa ol Laie
Sl 5l el mes Jie Jslaadl 8 Ll 4y ja ol

/

B HCl—H +CI
§F -
o a_"'cr

Weak electrolyte solutions : are solutions whose molecules are
partially, moderately or slightly ionized.

S e 5 G i Ly o 0555 Al il (b gl a1 il
like hydrofluoric acid, whereby it slightly ionizes in the solvent, its
ions are at equilibrium with the non-ionized molecules.

Al e el ge 03155 Al B 4t 0 5S¢ ) (8 S (i Cam ol ) ol g paell e i
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2 In the formula, HF H* + F -, reversed

e = arrows indicate that the slightly ionized substance is at

S equilibrium with the resulting ions.
1 8 LB Al salal o ) A el agud) i (HE = H + F -« Gaall
' Al ) e )5 s

Non-electrolytie solutions : are solutions whose molecules don't
ionize at all. GIULY) e Ll sa o Y A dallaall a1l eIl daiall e Jilladl)

such as sugar or ethyl alcohol in water . bl LAY J sl S Sl Jie
4 —3 SOLUBILITY

Solubility : is 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.
A0 die madie Jlae die i Gare Cude (e Aiime 4aaS 343 (K (2l QI (e 58 ol g8 1ol 53

Ala 3 s
Solubility varies according to: Caen b 53 AL Calias
1. The nature of the solute and the solvent. Cudall 5 el dnpida
2. Temperature. 55 pall da o
3. Pressure. Ll

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

feniall 5 il dagla
The process of solubility has to do with surfaces which are exposed
to dissolution . When the more exposed the surface of the solute in

the solvent, the greater the solubility.
LAl AE cal 3 ¢ cudall 8 el pdas (o et ol 3 LS ol sl A el sedansL ol sAll Alee (3lacs
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Explain / Sugar powder dissolves faster than lumps of sugar .
Sl S g gl s Sl (3 smae [/ Jle
Answer / Because the surfaces of the powder of sugar is greater than

those of the lumps of sugar whereby the more exposed the surface

of the solute in the solvent, the greater the solubility .
¢ catall b I s (o ped )5 LS s o Sl U mland e ST Sl (3 sase mland 0 / AaY)
Lokl b ¢l

Explain / the salt crystals dissolve more quickly when
a small amount of table salt is added into water in a

beaker when start the process of shaking.
b ) b aladall mla (e 3 yihn ApeS Aila) die ST Ao bl 55k 5N/ Jle
g ke cny2ie 3,50

Answer / Because the process of shaking helps to contact the surface
of crystals with water even greater whereby the more exposed the
surface of the solute in the solvent, the greater the solubility.
s et 313 WS G 51 JSE elally cul ol mhan ddle e aelis ) aY) dlee oY / LAY
Lokl Al chal ¢ cudall <t )
+* For the solvent, the nature of polarity determines its solubility,
according to a rule which says :

The similar dissolves the similar .
JJlaial) gy Jileall 1] g8 Bac el Liéj ¢ Okl 4l dndadl) danda 2T ¢ Cundall Al

+* Polar solvents dissolve polar solutes and vice versa .
g Sl 5 Al el (g Adadll iyl
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4 — 3 — 2 Temperature :

Explain / Sugar in the hot liquid dissolves faster than that in the cold
liquid. L Sl 8 3 s sall G gyl AL Sl 8 3sa sl Sl sl / Jle

Answer / Because the motion energy of the liquid molecules

increases in the hot liquid, making it more likely to collide with

surfaces of sugar crystals, this is why it dissolves quickly.

bl ae adbaill i jo ST Alaag Lae ¢ AL QLA 8 a1 35 ABL iy all 48 ) d8Uall Y / Gl sall
RS WERERPLYPL gk JURFI R KV PPN VW LN P

L

- A) Sugar dissolves in cold water slowly.

B) Sugar dissolves in hot water quickly.

4 — 3 — 3 Pressure :

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.
Sl Janca 50l ) ae sl LaE a1 35 G A 31 o) sl e Juadl S LAl e il pils el
Jlad) mhas e
Explain / In carbonate beverages when the cover
o Is removed bubbles are formed and move up in the
‘ liquid.
b ey @ jam g cule il (< eUaad) A1) 3] aie 4 s SI gyl 3/ Jle
)
Answer / CO, pressure will decrease on the
surface of the beverage and making it less soluble

and bubbles are formed.

L 8 alany g gyl mhane o i s S 2] AU e / DY)
el g o<y Gl sall
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4 —4 CONCENTRATION OF SOLUTION

Its a solution consists of two major parts : The solute and the solvent.

el s ARl G ol s e Jstaal ) S5y

Concentration of the solution : It is the amount of

SN = - - -
g?c\){%goo solute in a particular solvent from solution.
‘( %2?;%)‘5& Jslaall (e Gare cnde 8 QI ok gt laall 38 5
)5 ()@:Q R . .
\HEO55Y Concentrated solutions : It solutions which large
(A) amount of the solute .
€ > 3l a8 S S e 5 5ind ) Jslall s 1838 5l sl
=\
& Dilute solutions : It solutions which relatively small
2
o amountof solute.
A e G AL A0S e 5 sind Al Jlal) a5 s ladl)
(B)

A concentrated solution can be changed into dilute by

adding a larger amount of the solvent.
i) (g ST A€ Rilaly it S sl Jlad) st (S

A) Concentrated solution
B) Dilute solution

A concentration of the solution can be expressed in various ways :
D Bk B Jslaall 38 5 e el Sy

4 — 4 — 1 Concentration by Mass percentage :

Percentage of concentration : It is the number of grams of the solute
which are dissolved in 100 grams of the solution.

Jtaall Gaal e Ve 8 Qe laall il ja dae sa ;S ) Al
The percentage of mass ratio of the solute and the solvent is
calculated as follows : S il e Cudall s Colitall S Gl £ ghal dnall Gl 2%

mass of solute (mq)

x 100%

Percentage concentration of solute = :
mass of solution (mq + my)

Solute % = ———=24e— x 100%
masSsoiution (MT)
Solvent % = ———2ent_ x 100%

masSsoiution (M)

Cy{/fﬁﬁgfﬂmﬂﬂ/ 2’(7?/775&/ Qﬁé/éﬁ‘é
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Whereby (m;) refers to solute mass, (m,) refers to solvent mass and
(mT) refers to the solution mass (total masses of both solute and
solvent mi+ my). Generally the mass percentage of any component

can be expressed in the following mathematical relation :

U Maal) Jslaall A58 Y a5 (mp) 5 el A Y 5 (mg) ¢ A9 A Y (my) S Cua

Faaly 1 A8l (58 (5 S A sall Al o peil) (S ¢ le IS8 (M + Mg el Sl
ki

mass of component

Mass ratio of any component of the solution = x 100%

mass of solution

Example 4 -1

What is the mass ratio of the solute and the solvent of a solution

made of 15.3 g of salt dissolved in 155 g of water .
slall e an V100 3 QA ) (e a2 10, T (e g stian Jglaal Culall g ldal) A A L

Solution ;

Mass of solute : m; =15.3 g

Mass of solvent : my; = 155 g

Mass of solution = m+

mr=mz+ m; =153 +155=170.3 ¢

mass of solute (mq)

Mass percentage of solute = x 100%

mass of solution (m4 + my)

153 g
1703 g

Solute% = x 100% = 8.98 %

my

masSsolution (M)

x 100%

Mass percentage of solvent % =

Solvent % = —28 x 100% = 91.02 %
1703 g
Wﬁgfﬂmﬁﬂ/ AL, Qﬁé/éﬁ‘é
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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 acetic acid ?
oaea (ol a Yo e Jpmnll Cgllae JAI) (e ol ja oS ABSIG LA (cnen 7§ e (5 giad JAII (e die
¢ clawy)

Solution :

mass of solute

Mass percentage of solute = x 100%

mass of solution

20g
mass of solution

4% = x 100%

. 2000 . .
mass of solution = — - 500 g of vinegar is necessary

Exercise 4 -1
A solution is formed by dissolving 48.2 g of sugar in 498 g of water,

What is the mass ratio of sugar and water in the solution ?
S slaall S elally Sl ALK A 8 Lo elall e an €9A 3 Sl (e e €A, Y 410G J glaal) (4 5<5
Solution :

Mass of solute : m; = 48.2 ¢

Mass of solvent : m; =498 g

Mass of solution = mt

mr=ms+ my =48.2 + 498 =546.2 g

mass of solute (mq)

Mass percentage of solute = . x 100%
mass of solution (mq + my)
Solute% = ——£& x 100% = 8.82 %
546.2 g
Mass percentage of solvent % = Tz x 100%

masssolution (M)

498
Solvent % = —2
546.2 g

x 100% =91.17 %

Wﬁgfﬂmﬁﬂ/ 47?/775&/ Qﬁé/éﬁ‘é
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Exercise 4 — 2

20 g of hydrochloric acid is diluted by 80 g of water. What is the

mass ratio of the acid and water in the solution ?
?JM\@¢M\5M\MM@Q.¢N\C%&/\' 4&4’@5&&,})55})%@1\0.'4&&?;\“

Solution :

Mass of solute : m; = 20 g
Mass of solvent : m,; =80 g
Mass of solution = mr

mr=mi+m;=20+80=100¢

mass of solute (mq)

x 100%

Mass percentage of solute = :
mass of solution (mq + my)

20g

Solute% = x 100% = 20 %
100 g

my

masSsoiution (M)

Mass percentage of solvent % = x 100%

80
Solvent % = —2
100 g

x 100% = 80 %

4 — 4 — 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 .
Nve b Uy eme Jall I aaally &5 lie Jgladl) € (e 0580 S pas s gl

Volume of solute (V1)

Percentage of volume for solute = X 100%

Volume of solution (V1+V;)

Solute% = —/sotute v 10004

Vsolution(VT)

Volume of solvent (V;)

X 100%

Percentage of volume for solvent = :
Volume of solution (V1+V3)

14
Solvent % = ——=selvent 1000
Vsolution(VT)

Wﬁgfﬂmﬂd é’;zﬂm&/ Qﬁé/éd-é
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Whereby volume of solute is V1, volume of solvent is VV; and volume
of solution is Vr, (total volumes of solute and solvent (V1+V>).
Generally the mathematical formula can be written to express

concentration in terms of percentage of volume.
¢ il s il KU aaall ¢ Vip Jslaall aans Vo 58 cudall aaa b ¢ Va0 Il aas o Gua
(G geall 4 giall pndl) Eua e 3 G e pmaeill Al ) Apall UK (S ale JSE(V4+V)

volume of component

X 100%

Percentage of volume for any component = :
volume of solution

Units of volume which are commonly used Liter (L) or milliliter
(ml) or cubic centimeter (cm?®). Conversions between these units are

as follows :
@ Shan gl eda G OByl (Yan) canSe a5 () ilide ol (L) Sl Lealadind aady Gl el Cilas
HPATRPEN

1L = 1000 mi
1L = 1000 cm?®
Iml=1cmd
Example 4 — 3

Calculate the percentage of volume for both acetic acid and water in
a solution formed by mixing 20 ml of acetic acid and 30 ml of water.

i) e e de Yo dald (e 0685 Jlae 8 eld) s i) (maas (e JS aaall 4 iall dpaill Caa)
slall e da Yo

Solution:

Volume of the solute: V1 =20 ml

Volume of the solvent: V> = 30 ml

Volume of the solution V1(V1+V2) =20 + 30 =50 ml

Volume of solute (V)

Percentage of volume for solute = X 100%

Volume of solution (V1+V3)

Percentage of volume for solute = % X 100% = 40%

Wﬁgfﬂmﬁﬂ/ 473/775&/ Qﬁé/éﬁ‘é
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Volume of solvent (V3)

X 100%

Percentage of volume for solvent = :
Volume of solution (V1+V;)

Percentage of volume for solvent = % x 100% = 60%

Example 4 — 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% .

o v Jstaall laa¥ aaadl (558 Cum elall ) ailia) o gllaall Jlalls die el LAY Jsasll aaa o0 L
TN aaall & el Al 5855 ¢ Ja

Solution :

volume of component
Percentage of volume for any component = ily'v

X 100%

volume of solution

80% = ﬁ x 100% = 40 ml of ethyl alcohol is required

Exercise 4 — 3

If 20 ml of sulfuric acid is added to 80 ml of pure water what will

be percentage of volume for both sulfuric acid and water ?

elall ey ,)
Solution:
Volume of the solute: V1 =20 mli
Volume of the solvent: V2, = 80 mi
Volume of the solution V1(V1+V2) =20 + 80 = 100 ml
Percentage of volume for solute = —orame of solute W) 150y,

Volume of solution (V1+V3)

Percentage of volume for solute = % X 100% = 20%

Volume of solvent (V;)

X 100%

Percentage of volume for solvent = ,
Volume of solution (V1+V3)

Percentage of volume for solvent = % x 100% = 80%

Cy{/fﬁﬁgfﬂmﬁﬂ’ ééé/ﬁﬁa/ Qﬁé/éﬁ‘é




W

—— | cnEMISTRY 3 CHAPTER 4

4 — 3 — 3 Expressing Concentration by Mass / Volume :
taaall / AKIL 3 ) eyl

Sometimes, concentration is expressed by mass unit of the solute

(gram) in a given volume of the solution (liter), the unit for this kind

of concentration is (gram/liter) (g/L).
138 Bas 55 ¢ (L) Jslaall (e (e anan A () a) QI GBS 5as g 38 51 e el ¢ Glal) (axy b
(A e2) (A elo2) @ XS A Ge g A

Mass of the solute (m)

Concentration (g/L) =

Volume of the solution (V)

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 :

ALY jae 3 a3 13) ALY aas Bas g oA 9 Q8K Cay a3 ga 4813 2ay 35S il e Sl 138 o )8 LEYT jaad
DAl A8l UKl e ) a3 ¢ (V) aaadly (o) AU 5 (P) D) <aally

. M
Density (g/L) = ———9_ SJ()L) ) ) (g/L) = V((f))

Other units can be used for volume like (ml) or (cm?3).
(Y o) 51 (Se) Jie aaall Al Clas g alasiul (Ko

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.
8o 53 Jshaall (& il 385 cavalhiall bl e il 4,0 8 Galaill Gl 5iS e al e © A1) A
A s
Solution:

Mass of the solute (m) g _ 10 g/|_

Concentration (g/L) = Volume of the solution (V) T 05L

C%/fﬁﬁd/ﬂ/ﬂﬁa/ égﬁwg&/ Q%% dﬁ
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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

sl e Ja VYO 5 Jiiall JsaS (e pa YV, 0 e (o giny Jlae b iinal) J a1 A0 2 i) Apsil) Cones
Jafan Vv osbud ol DS ()] (yoa il

Solution :

Density (g/ml) = —22559)

Volume (ml)

Mass (g) = p (g/ml) x Volume (ml)

Mass (g) =1 (g/ml) x 175 (ml) =175¢

Mass of methyl alcohol : m; =27.5¢g

Mass of water : my; =175 g

Mass of solution: mr=m; + my=2759+1759=2025¢g
Mass percentage of methyl alcohol = Z—; x 100%

Mass percentage of methyl alcohol = 22072'55’; X 100% = 13.6%

Exercise 4 — 4

What should be mass of sodium hydroxide dissolved in 1L of pure

water in order to obtain a solution with 0.5 g/L concentration ?
€A/ a0 385 Jslas e Jpanll B clall o 1) 3 A0 o g peal) 205 50 NS e

Solution:

Mass of the solute (m)

Concentration (g/L) =

Volume of the solution (V)

— MNaOH

M (NaoH) = 05x1=05 g
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Exercise 4 — 5

KCl is 5.80 % by mass in a solution. Calculate mass of KCI in 0.337

L of the solution. (Suppose that density of the solution is 1.05 g/ml)
V,0 0 Jsladll QS o (1) Jslaall e 1+, TYY 3 KCALS ) Jslae 8 A1 7K CI 5.80
(SZYAFEN

Solution :

Density (g/ml) = 1.05 g/ml

Volume of solution =0.337 L

Mass percentage of solute = 5.80 %

Volume of solution (ml) = 0.337 x 1000 = 337 ml

Mass of solution (g)

Density (g/ml) =

Volume of solution (ml)
Mass (g) = p (g/ml) x Volume (ml)
Mass of solution (g) = 1.05 (g/ml) x 337 (ml) = 353.85 ¢

mass of solute
— x 100%
mass of solution

Mass percentage of solute =

mass of KCl
53.85

mass of KCl :%: 20.52 g

5.80 % = x 100%
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CHAPTER QUESTIONS 4
Q1) Describe the following :

Solutions : It is a homogeneous 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).

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.

Solubility : is 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.

Electrolytic solution : are the solutions that ionize in solvents into
anion and cation, Its divided into a strongly and weak ionized .

Concentrated solutions : It solutions which large amount of the
solute .

Concentration by mass percentage : It is ratio of mass of each
component of the solution compared to the total mass of the solution
multiplied by 100 .

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.

Q2) 1-Which answer is true example for solid solution ?
a) Juice
b) Coin

c) Salt solution

Wﬁj;ﬂmﬂ/ ééj/ﬁﬁa/ Qﬁé/éﬁ‘é
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2 — What is the definition of weak electrolyte solution ?

a) if solute ionize completely in solvent
b) if solute not completely ionize in solvent
c)if solute fast ionize in solvent

3 — 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
c) The energy of sugar molecule increases under high temperature
4 — How can we convert concentrated solution to dilute solution ?
a) by the help of increasing concentration of solute
b) heating solution
c) by the help of adding much more solvent to solution
Q3) Compare the following terms :

a) Dilute and concentrated solution :

Concentrated solution Dilute solution
It solutions which large amount | It solutions which relatively
of the solute . small amount of solute .

b) Weak electrolytic and strongly electrolytic solution :

Strongly electrolytic solution Weak electrolytic solution

) are solutions whose molecules
are solutions whose molecules | gre  partially, moderately or

are completaly ionized . slightly ionized .

Wﬁj;ﬂmﬂ/ ééé/ﬁﬁa/ Qﬁé/éﬁ‘é
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c) Super saturated and unsaturated solution :

Super saturated solution Unsaturated solution

Super saturated solution : is the | unsaturated solution : is the
solution which anmount of the | solution which contains less
solute is greater in any solution | amount of the solute that is
that the solvent is able to|required for saturation at a
dissolve it under normal | particular temperature and
conditions . pressure.

Q4) There is 19 g dissolved solute in 158 g solvent, find mass
percentage of the solution.
Solution :

Mass of solute : m; =19 ¢
Mass of solvent : m; =158 ¢
Mass of solution = mr

mr=mi+my=19+158=177g

mass of solute (mq)

Mass percentage of solute = x 100%

mass of solution (m{ + my)

198 % 100% = 10.73 %
177 g

Solute% =

Q5) 5 g of copper sulfate is dissolved in 20 g of pure water, calculate
mass percentage of solute and solvent.
Solution :

Mass of solute : m1 =5¢
Mass of solvent : my; =20 g
Mass of solution = mt
mr=mi+my=5+20=25¢g

mass of solute (mq)

Mass percentage of solute = x 100%

mass of solution (mq + my)

Wﬁj;ﬂmﬂ/ ééé/ﬂﬁa/ Qﬁé/éﬂ‘é
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Solute% = =8 x 100% = 20 %
25g

my

masSsolution (M)

Solvent % = %i x 100% = 80 %

Mass percentage of solvent % = x 100%

Q6) How many liters of water is needed to add 10 g of potassium
hydroxide to obtain a solution with 2.5 g/L concentration ?

Solution:

Mass of the solute (m)

Concentration (g/L) =

Volume of the solution (L)

10g
Volume of the solution (L)

2.5 (g/L) =

Volume of the solution = —28_ = 4 Liters
2.5 (g/L)

Q7) If 25 ml HCI and 75 ml water are mixed, what will be
percentage of acid and water by volume in the solution ?

Solution:

Volume of the solute: V1 =25 ml

Volume of the solvent: V2 =75 ml

Volume of the solution V1(V1+V2) =25 + 75 = 100 ml

Volume of solute (V)

Percentage of volume for solute = : x 100%
Volume of solution (V1+V3)

Percentage of volume for solute = 1275,0 X 100% =25 %

Percentage of volume for solvent = —Loiwme of solvent(ra) 4y,

Volume of solution (V1+V3)

Percentage of volume for solvent = 17750 X 100% =75 %

Wﬁj;ﬂmﬂ/ ééilfiﬁﬁ/ Qﬁé/éﬁ‘é




W

—— | cnEMISTRY 3 CHAPTER 4

Q8) Calculate the mass percentage of NaCl in the solution, if 15.3 g
NaCl and 155.09 g water are mixed.

Solution :

Mass of solute : m; =15.3 g

Mass of solvent : m; =155.09 g

Mass of solution = mr

mr=m;+ my =15.3 +155.09 =170.39 ¢

mass of solute (mq)

Mass percentage of solute = x 100%

mass of solution (m{ + my)

153 g
170.39 g

Q9) 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.

Solute% = x 100% = 8.98 %

Solution:

175 (mL)

Volume of water = =0.175L

Mass of the solute (m) _ 27.5g
Volume of the solution (V) 0.175L

Concentration (g/L) = =157.14 g/L

Q10) A sample of water is taken from The Habbaniyah Lake.
Assume that It contains 8.5 % carbon dioxide. What is the
mass of carbon dioxide in 28.6 liters of the Lake water?
(Density of the Lake water is 1.03 g/ml.)

Solution :
Volume of the Lake water = 28.6 (L) x 1000 = 28600 ml

Mass of the Lake water (m)
Volume of the Lake water (V)

Density of the Lake water =

Mass of the Lake water (m)
28600 (ml)

Wﬁgfﬂmﬁﬂ/ ééé/ﬁﬁa/ Qﬁé/éﬁ‘é
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Mass of the Lake water = 1.03 x 28600 = 29458 g

mass of carbon dioxide

x 100%

Mass percentage of carbon dioxide =
mass of the Lake water

mass of carbon dioxide

8.5% = x 100%
29458
mass of carbon dioxide = 2510(';93 =2503.93 ¢

Q11) Mass percentage of sugar is 11.5% in juice also juice contain
85.2 g sugar, what is the volume of Juice?(pso1ution = 1 9/ml)

Solution :

Mass percentage of sugar = 11.5%

Mass of sugar = 85.2 g

mass of solute

massSsoution (M)

x 100%

Mass percentage of sugar =

11.5% =——>28 % 100%
masssolution (M)
Mass of solution = Ss'ilxsloo =740.86 ¢

Mass of solution (m)

Density of solution =

Volume of solution (V)

_ 740.86 g
1 (g/ml) "~ Volume of solution (V)
Volume of Juice (ml) = Zigf:ls =740.86 ml

Q12) What are the factors that effected on solubility ?
1. The nature of the solute and the solvent .
2. Temperature .

3. Pressure.
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Q13) Calculate the mass percentage concentration of the following
solutions :
a) 10.2 g NaCl in 155 g of water

Solution :

Mass of solute : m; =10.2 ¢

Mass of solvent : my = 155 g

Mass of solution = mt
mr=mp+my=10.2+155=165.2 ¢

mass of solute (mq)

x 100%

Mass percentage of solute =

mass of solution (m{ + my)

10.2 g
165.2 g

Solute% = x 100% =6.17 %

mp

masssolution (M)

x 100% = 93.82 %

Mass percentage of solvent % = x 100%

155¢g
165.2 g

b) 48.2 g sucrose in 498 g of water

Solvent % =

Solution :

Mass of solute : m; =48.2 ¢

Mass of solvent : my =498 g

Mass of solution = mr
mr=mp+my=482+498 =546.2 ¢

mass of solute (mq)

Mass percentage of solute = x 100%

mass of solution (mq + my)

x 100% = 8.82 %

482 ¢g
546.2¢g

Solute% =

mp

masSsolution (M)

Mass percentage of solvent % = x 100%
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498
Solvent % = —2
5462 g

x 100% =91.17 %

c) 0.245 g acetic acid in 4.91 g of water
Solution :

Mass of solute : m; =0.245 g

Mass of solvent : m;=4.91 g

Mass of solution = mr
mr=my+my=0.245+491=5.155¢

mass of solute (mq)

Mass percentage of solute = , x 100%
mass of solution (m{ + my)
Solute% = 2228 x 100% = 4.75 %
5.155g
Mass percentage of solvent % = b x 100%

masSsolution (M)
491g
5.155¢g

Solvent % = x 100% = 95.24 %

Q14) Find mass percentage of sugar which contains 309 grams
water and 45 grams sugatr.

Solution';

Mass of sugar: m; =45 ¢
Mass of water : m, = 309 g
Mass of solution = m+

mT:m1+m2:45+309:354g

mass of sugar (mq)

Mass percentage of sugar = x 100%

mass of solution (mq + my)

8 % 100% = 12.71 %
354 g

Sugar % =
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Q15) The mass percentage of NaCl in ocean water is 3.5 %. How
many grams of NaCl can be obtained from 274 grams of ocean
water ?

Solution :
Mass percentage of NaCl = 3.5 %

Mass of ocean water = 274 ¢

mass of solute

masssoution (MT)

x 100 %

Mass percentage of NaCl =

3.5 0p = MassofNaCl 1 05 oy
274

3.5x274

Mass of NaCl = =9.59¢

100

Q16) Find the volume of alcohol in millilitters present in the
following solution:

1. 480 ml of a solution containing 3.7 % volumetric percentage of
the alcohol

Solution :
Volumetric percentage of alcohol = 3.7 %

Volume of solution =480 ml

Volume of solute

Volumetric percentage of alcohol = x 100 %

Volume of solution

Volume of alcohol

3.7% = x 100 %
480

Volume of alcohol = 222282 = 17 76 m
Wﬁgfﬂmﬁﬂ/ AL, Qﬁé/éﬁ‘é
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2. 103 ml of a solution containing 10.2 % volumetric precentage of
the alcohol

Solution :
Volumetric percentage of alcohol = 10.2 %

Volume of solution = 103 ml

Volume of solute

x 100 %

Volumetric percentage of alcohol =

Volume of solution

Volume of alcohol
103

10.2 % = x 100 %

10.2 X 103 =105 ml

Volume of alcohol =

3. 0.3 L of a solution containing 14.3 % volumetric percentage of
the alcohol.

Solution ;
Volume of solution =0.3 L
Volume of solution = 0.3 x 1000 = 300 ml

Volumetric percentage of alcohol = 14.3 %

Volume of solute

Volumetric percentage of alcohol = x 100 %

Volume of solution

Volume of alcohol

14.3 % = 200 x 100 %
Volume of alcohol = 2232390 — 49 9 |
Wﬁj;ﬂmﬂﬂ’ AL, Qﬁé/éﬂ‘é
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Q17) How many grams of KCI is present in each of the following
solutions ?

a) 19.7 g solution consists of 1.08 % solute by mass.
Solution :

Mass percentage of KCI = 1.08 %

Mass of solution = 19.7 g

mass of solute

masssolution (Mr)

Mass percentage of KCI = x 100 %

1.08 0p = MassofKEl, 100 05
19.7

1.08 X 19.7

Mass of KCI = =021g¢g

b) 23.2 kg solution consists of 18.7 % solute by mass
Solution :

Mass percentage of KCIl = 18.7 %

Mass of solution = 23.2 kg

Mass of solution = 23.2 x 1000 = 23200 g

mass of solute

masSsolution (Mr)

Mass percentage of KCI = x 100 %

18.7 0% = 22350KEL L 100 9%
23200
Mass of KCl = 27223290 _ 4338 4 g

¢) 38 mg solution consists of 12 % solute by mass.
Solution :

Mass percentage of KCl =12 %

Mass of solution = 38 mg

Cy{/fﬁﬁgfﬂmﬁﬂ’ ééj/ﬁﬁa/ Qﬁé/éﬁ‘é
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massSsoution (MT)

CHAPTER 4}
Mass of solution = & = 0.038 g
1000
Mass percentage of KC| = —22550f solute 40 g

Solute % = .

B ) Solution:

155¢g
536¢g

12 9p = M2 KCE 100 96
Mass of KCI = 222238 - 00456 g
Q18) Fill in the blanks :

mass of mass of mass of Percentage mass of

substance :

solute solvent solution solute
A 1559 238.1¢g 253.6 g 6.11 %
B 22.8¢ 167.2 ¢ 190 12 %
C 28.8 ¢ 183.3 ¢ 212.19g 13.57 %
D 31.52¢g 174.49 g 206.01 g 15.3 %
A ) Solution:
Mass of solute : m; =15.5¢g
Mass of solvent : m; =238.1 g
Mass of solution = mr
mr=mz+my=155+238.1=253.6¢
Mass percentage of solute = —ass o/ solute tma) 950

x 100% =6.11 %

Mass percentage of solute = 12 %

Mass of solute =22.8 g

mass of solution (mq + my)

Cyf/fﬁﬁmﬂmﬂﬂ’ Asrrzced QA
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mass of solute

masSsolution (M)

x 100 %

Mass percentage of solute =

22.8¢
masssolution (M)

22.8 X100

12 % = x 100 %

Mass of solution = =190¢
Mass of solute : m; =22.8 g

Mass of solvent: my =?g

Mass of solution =mr =190 ¢
mr=m; + my

m;=mr—m; =190-22.8 =167.2¢
C ) Solution :

Mass of solute : m; =? g

Mass of solvent : m; = 183.3 g

Mass of solution =mt=212.1g
mr=m; + my
mi=mr—my=212.1-183.3=28.8¢

mass of solute (mq)

Mass percentage of solute = x 100%

mass of solution (m{ + my)

28.8
Solute % = &
212.1g

x 100% = 13.57 %

D ) Solution :
Mass percentage of solute = 15.3 %
Mass of solute = 31.52 g

mass of solute

masSsolution (Mt

Mass percentage of solute = x 100 %
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3152 ¢
masssolution (M)

31.52 X100

15.3% = x 100 %

Mass of solution = =206.01¢

Mass of solute : m; = 31.52 g

Mass of solvent: my=?g

Mass of solution = mr = 206.01 g

mr=mg + my

my =mr—mg = 206.01 —31.52 = 174.49 g
Q19) Fill in the blanks :

vol.of vol. of vol. of Percentage vol. for
substance :
solute solvent solution solute
A 2.55 ml 25.0 ml 27.55 ml 9.25 %
B 4.58 ml 115.94 120.52 3.8 %
C 1.38 ml 25.82 27.2 mi 5.07 %
D 23.7 ml 384.92 408.62 5.8 %
A) Solution:

Volume of the solute: V1 = 2.55 mi
Volume of the solvent: VV, = 25.0 mi
Volume of the solution V1(V1+V3) = 2.55 + 25.0 = 27.55 mi

Volume of solute (V)

X 100%

Percentage of volume for solute = .
Volume of solution (V1+V3)

2.55
27.55

Percentage of volume for solute = X 100% = 9.25 %

Volume of solute (V)

X 100%

B) Percentage of volume for solute = :
Volume of solution (V1+V3)

0 — 4.58 0
3.8% Volume of solution (V,+V,) x 100%
Wﬁj;ﬂmﬂﬂ’ AL, Qﬁé/éﬂ‘é
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Volume of solution (V; +V,) = 28 = 12052 ml

V1= ViV, . 12052 =458 + \/;
V, =120.52 — 4.58 = 115.94 m
C) V1 = Vi+Vs . 272=138+V;

V,=27.2-1.38=25.82ml

Volume of solute (V)

Percentage of volume for solute = .
Volume of solution (V1+V3)

Percentage of volume for solute = ;732 x 100% =5.07 %

Volume of solute (V)

D) Percentage of volume for solute = :
olume of solution (Vi+V;)

23.7
Volume of solution (V1+V3)

5.8 % = x 100%

Volume of solution (V; +V,) = ﬂ = 408.62 ml

V1 =Vi+V; , 408.62=23.7+ V>
V2 =408.62 — 23.7 = 384.92 ml

d/fﬁﬁd vl éézzﬂzfa/ QShih
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CHAPTER FIVE

GROUP IVA

5—-1 GROUPIVA ELEMENTS IVA Ze saxdll jualic

Group IVA consists of the following elements: Carbon (C), Silicon

(S1), Germanium (Ge), Tin (Sn) and Lead (Pb). The following table

shows the location of group I'VA in the periodic table.

(Sn) _naill s (Ge) pssiealls (S1) OsSleadl 5 (C) 052 S AN yualial) o TVA Ao sanal) o5
s Jsaall 3 TVA e senall o850 ) Jsaall sy (Ph). ol s

18
VIIIA

2 13 14 15 16 17 |®
H 1A IIA  IVA vA VviA via | He

| 8 9 10

Li | Be B|lciN|oO|F |Ne

11 12 13 14 15 1€ 17 18
3 4 5 6 7 8 9 0 11 12 5
Na|Mg|ms v VB visB VIB,«— ViiB —» , 18 1B | Al | Si : P|S [Cl|Ar
19 20 21 22 23 24 25 26 27 28

K |Ca|Sc|Ti|V | Cr| Mn| Fe| Co| Ni Cu Zn .'iGa ‘_Ge As Se Br Kr

10 41 12 13 4 5 16 47 18 19 50 51

Rb| Sr| Y | Zr| Nb| Mo| Tc | Ru| Rh| Pd| Ag| Cd| In | sn| Sb | Te| I | Xe

78 79 80 81 82 83 84 85

"Cs| Ba| La| Hf| Ta W | Re Os| Ir | Pt | Au Hg| T1 | Pb| Bi | Po At ‘Rn

89 104 105 106 107 108 109 110 11 11

"Fr| Ra| Ac| Rf| Db| Sg | Bh| Hs| Mt | Uun| Uuu| Uub

5 -2 GENERAL CHARACTERISTICS OF GROUP IVA
TVAie sanal dalall aibasll
The members of this group show a clear tendency to
transfer from the nonferrous to metal characteristics as
we go higher to lower in the group, as the atomic
number increases.
saibadl) ) sl e Gailladl) e J il ial s S de ganddl oda gliac] yelil
(oW 222 33l ) e ¢ Ao gaaall 8 JBY) ) eV e 55 LS dpandll

e Carbon is nonferrous . s e s S
e Silicon and germanium are metalloid 38 4 o saile a5 ¢Sl
e Tin and lead are pure metals. 48 (e palia 5 paadl)
Wﬁgfﬂmﬂd AL, Qﬁé/éd-é
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The physical characteristics of tin and lead:

tuaba s paadll 40 5l ailadll
1. High density . e 43
2. Conductor for thermal and electrical . A8l el 5 Ayl pall a5
3. Bright color and high malleable and ductile prone.

(Ol A8 5 455 yall Alle 5 o 1) adal
The melting and boiling points of group IV elements also decrease
as we go from the top to bottom.

3l I e e WS ae TV A sanall jualin GLladl s HlenaiV] Lali Uyl (i

Silicon and carbon compounds are actually covalent compounds of
tetra-oxidation. Ao Ll 33uSY (e Asaaliad LS e @l sl) 8 o s S5 ¢Sl S 5

Explain / The elements of this group tend to combine four electrons

via making covalent bonds to reach the tetra-oxidation case (+4).
) s sl Apaalad Tl 55 3585 ool oo s S Al o paad) Y e sendl o3 pualie o/ Jle
(+4) AL 5208y Alls

Answer / The elements of this group are have four valence electrons

in their outer shells, due to the dificulty of gaining or losing four

electrons, they need to combine four electrons to reach the stable

electron configuration.

L) 4y gmal 1505 ¢ a AN Le8de 8 8SE g ) Aay )l e de penall oda jualic (5503 / AdaY)
(O AU i) o oSl ) J g sl g 3 Any )l e () i Ll ¢ <l g i) Dyl gl

Germanium, tin and lead, on the other hand, combine to make ionic

and covalent compounds.

Apaalisiy 4l LS e g LY Gaba )l g spaaill 5 o gl jall aaiy ¢ (s AT 4ali e
In the ionic compounds, only two electrons are lost to make Ge*?,

Sn*?2 and Pb*? .
Pb+*2.5 Sn*2 5 Get2 (sSil hah (45 i) a2y ¢ 4 50¥) LS all 8

The elements of the fourth group have common oxidation +4 , +2 .
Yk o6 A i 5 L Axl ) Ae gaadll palic
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The elements of this group whether metalloid or nonmetals, have
low level of activity. They react with the nonmetals such as oxygen

but they need heat to do so.
JEA&_\\)SAN\CAJCM Lw\wuas;_\a&jm\.@s@)h)m j\‘ﬂ.})h&_u\s;\)ua.c}q;d\ Y palic
(Al Gl 8 ) e ) lias LTy CpansY)

5—-3 SILICON OsSbd)

Bplain/ Silicon combines with its four electrons to form compounds,
most of which are covalent silicon compounds, """/ due Silicon
has four electrons in its outer shell, it is so difficult for an element

to gain or lose four electrons.
OY 15k ¢ Lpaalad )5Sl LS 5e e 3k Lgalana ¢ LS jo 0 sSE Ara Y Al g Y ae 0 sSibind) asy
Ay 28y ) i o peaie e 13s Conall Gab ¢ ajlall aidle 8 g i da i e g ging ¢Sl

REEPPLN
Y
/ A N\
/ 3 \\.\. \
[ ¢ [ f1ap’ \ bx
0 /] @

K 14n 0 /
Shell symbol | Shell mmmber(n) [Electron number \ sl /
o /
K 1 2
Electron configuration of
2 8 silicon atom.
Chemical symbol: Si
Atomic number : 14
M 3 4 Mass number  : 28
5 — 3 — 1 Occurrence 1n Nature : dxgball L od g g

Silicon is the most abundant element in the earth's crust after
oxygen. It constitutes more than one quarter of the earth's crust,
approximately 28% . It does not occur as a pure free element in
nature. It is most widely distributed in rocks as silicon dioxide

(S10y). Itis in the form of quartz and sand.

& ¢ ‘\-Mﬂ‘ 880 ) e ST JSE el amy i Y1 6538 B350 JSY) eaiall sa (Sl

OsSalandl 208l 5 i ) siall gl i e dng )58 oy Al b alla e peaiaS Caaay VYA
ey oS I8 e ) (Si102).
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Silicon has two main forms :
ot ) GalSa e o sSelul) (G Sy

@®

e The first form of silicon is crystallized of dark

— brown color. G i Ol oSl e ISV JSAD ) Sl
Toiesntsiin e The second form is non-crystallized of dark
A) crystallized gray color. S alall ool e Hslite ye SN JQA)

B) non-crystallized

The crystallized form is less active than the noncrystallized one.

Both forms have a formula similar to diamonds.
ol 4y IS5 Lagd plall SIS bl e 3 paill (pe Ualls Jal shinall JS) ¢y 55

5 — 3 — 2 Preparation of silicon OsSabal) jpans
A — Preparation In Laboratory : Sl )

Non-crystallized silicon can be produced by heating potassium
element in silicon tetra fluoride (SiF4) according to the following

equation :
G (SiFy) oSl 35l ol b pslisll jeaie (i 3k oo kil e o Sludl 218 oS
D A Aalal
SiFs + 4K — B, si + 4KF
silicon  potassium silicon  potassium
tetra fluoride fluoride

The crystallized silicon can be obtained by melting silicon in
aluminum then cooling the solution. Finally, silicon crystals can be

separated from the solution.

OSar ¢ 1001 Jglaall 2 8 & st ) (8 ¢Skl eem Gasbe e sbiall (Sl e Jgeanll (Sa
Jslaall e o sSaluadl &) sy Juad

B — Industrial Preparation: e liall juasdll

Silicon (Si) can be prepared industrially by reducing silica (SiO,)

using high temperature and carbon or magnesium as a reducing

element, as in the following equation :
SO Sl s ddle 551 a da a pladinly (Si0,) Wil Julii (51 5k (e Uelia (Si) gsSelidl jacant (Ka
Al Astaall 3 LS ¢ 180 uain€ o skl
A

Si0, +2C —=—» 2CO*t+Si

Wﬁgfﬂmﬂd él(oéz/ﬁﬁa/ Qﬁé/éd-é
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5 — 3 — 3 Properties of Silicon : OsSalid) ailiad
A — Physical Properties : Al 5l Gailadl)
e Silicon is a metalloid. Sl g Sl

e It is a very rigid element, with a high melting point of
approximately (1410 °C).

(s dan V) ) @i el 4l ae ¢ Al Cla juaic )

e |t hasagray color and a metallic luster. e G gl L)

Explain / Silicon is used in manufacturing of electrical devices and

applications and also in computer industry.
snaSl) delia 8 Uyl 4l ¢Sl clindail) 5 5 56 Y aial (3 G sSbaual) axdiy [ Jle

Answer / Because its a semi conductor of electricity
sl el Jaa e dnd 43V [ 52l
In addition, it is used in manufacturing solar cells which convert the
solar energy into electricity.
2leS ) Aal) A8l J a3 Apesadl) LAY piaad 8 dalaiiaad 25y ¢ Slld ) diLaYL

B — Chemical Properties : kel al 5a)

Silicon does not react with most acids. It melts in aqueous solution
of bases according to the following reaction :
) Je il i 20t il (e e slae sy alea) plane g ¢ sSibaadl Jeliiy Y
Si + 2NaOH + H,O —— NaSi0O; + 2H»

Silicon  Sodium Water Sodium Hydrogen
hydroxide silicate gas

Silicon is very reactive with chlorine as in the following equation :
DA Al 5 LS ) SIS e 3y 0 sSaladl Je iy

Si + 2Cl, —— SiCl,4
Silicon Chlorine gas

Chotearmmed él(oé;ﬁﬁa/ QS
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Silicon is not prone to react with air at room

temperatures. It reacts at (950°C).

e Jelity A jall 5l a cla oy b elsgll ge Jeliill dia e Gl () Silid)
(siadn 2 d00)

| Silicon and its natural compounds (silica and

Silicon at high temperatwre S|iCate) are not poisonous.
Al Cusl (Sl 5 L) dngdall 43S 5a 5 ) sSiland

5 -3 —4 Uses of Silicon : OS] el adid

Silicon has a wide variety of uses. It is used in :
s Aeladin) Qi laladinY) (e de giie de gana o (Sl (g giag

1. Electronics industry, electrical appliances
and in manufacturing solar cells.

Aaua i) LAY Ae lica 5 4l 5eSI 3 jea¥l g culii 5 yKIY) dclica

2. Metal bars used in different industries.
adlidall cleliall 8 dardiiud) Apaeal Gluadl)

Use of silicon in integrated 3. Glass, cement and ceramics industries.
circuit industry PR TR T R

2 ‘)...\.A.J)L_um }G ‘)X ()
4. Organic silicon materials which are very important commercially

in the production of oils and plastics.

LU 5 g 3 )5S Ay jlad paal Led S5 g gumal) ¢ sl ) e

5—3 -5 Silicon Compounds :

Silicon forms a great number of compounds such as :

A — Silicon compounds with hydrogen (silicon hydrates). (Silane)
These compounds consist of silicon and hydrogen. SiHs is an
example of such compounds. It is prepared by the reaction of
magnesium silicide Mg,Si with the acids such as hydrochloride as

in the following equation:
Gavh e oppast ol GLS jall oda e JUe SiHy Lo souel) s OsSiliall e GLS pall oda ¢ oS5 ((Sws)
Al alaall 8 LS 35185 08 i aleal) ae M@oSi dslins o saiseal) Jelds
Mg.Si + 4HCI —— SiHs + 2MgCl,

magnesium hydrochloride Silane magnesium
silicide acid chloride
Wﬁj;ﬂ/ﬂﬁd AL, (jﬁé/éjé
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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 :
JSh 5 gl GO 8 GEDE (V) osSabaad) 33 (3 iy ¢ JU) das e 461 Adads CILS je & ol
: Sl Jelall LS elall g ) sSalaadl apsl S
SiH + 20, ——M8— Si0, + 2H,0
Silane  Oxygen Silicon dioxide \Water

B — Silicon Compounds with Oxygen CranSYL ¢ sSlaual) IS e
Silicon dioxide (Silica) SiO;

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.
Lall 33l ol ge Ay Ol sall g 318 Jie Al ISlal) Jie Angdall (8 2a
SVl sy e Sl sk 8 aadi
The other form of silicon dioxide (Silica) (SiO>) is
the impure silica such as sand and clay . It contains
different quantities of impurities which give it a
wide range of different colors.

A sample of pure silicon

el Jie il ye Sl 8 (S102) (Walsaadl) & sSalsaall S G A J<l)

Silica OV (g 0 Ao gana Lgadany Laa il gl (e dilide iS5 giny  phall 5
." -].~. S\
The most important properties of silica are : Dot Sl ailas aal

a- It is not reactive when reacts with chlorine, bromine,
hydrogen or most of the acids.
oabaal) aliee ol a5 ouel) sl asall o) SSI ae alelis die Jelan VY -

b- It reacts with hydrofluoric acid and bases .
el g el )5l 5 el pans ae Jelily -
c- It reacts with oxides or metal carbonates by high heating. The

resultant compounds are known as (silicates).
(ASlaall) sy Al S el o jad | el il Aiaeall il g KU 5l 20dSY) pe Jeliy -

Chotearmmed él(oégﬂﬁg’ QS
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Silicates : The resultant compounds from react silica with oxides or

metal carbonates by high heating .
Al Gaal) 55k e Apaeal) @il S 5 SV ae Wbl Je i (e dadlil) il jall s clSlul)

d- Explain/ Silica gel is mainly used as a drier
CaiaeS bl JS5 bl 23l axdiiy / Jle -

Answer / Due to its large surface and great ability

y to absorb water.
Silica gel sl abaial e 5 Sl Lgh iy Sl gadans s [ 4sY)

as a desiccant factor

2 — Silicates S
Silicate occurs so widely in nature. aplall 8 gl (3L e lSl) aa 8

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™ It is commonly used in various

industrial fields such as :
Jistaall 5 elall 8 ()l sall L8 Wlasiinl YT o a5 seall clSal (8 ¢ bl e a1 &) Y1 G 00
e dge Liall CLaall Calite 3 il J<i aadiun 5 "diladl s 5" 5 "elall zla 3" sy Sl S

+ providing passive fire protection for textiles and papers.
(B3I s puiall 35 al) e Al lasll b i

%

» It is also used as a cheap adhesive. Aaay HiaY 3l aaaius Ll LS
» Cement can be strengthened by mixing it with sodium silicate

in order too be used in buildings.
el 8 Wyl 4ot 4y s a0 seal) Sl ae adaliy chian) A 8 (Say

L)

L (4

C — Silicones :

Silicones : are organic compounds of silicon. They aren't poisonous
and are very stable along a very wide range of temperature variation.
) (e 13 il 5 Gl sl e 13n 5 s 5 Aabis ol L) sSilaadl (e Ay pume LS e 1l Siluad)

Bolall dls o
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+ Silicon oils are the most important of these compounds. They
make the surfaces anti moisture and are used to cover the roofs
of buildings.

el ol ddaril axaiid g 4 gla Hl A gl mdan) Jrad LS Jall 038 aal (e ¢ sSilid) gy e

+ Silicone rubber, maintains flexibility at a wide range of

temperature variation.
Bolad) il o A (e qol s (3L 8 A3 g all e dadlay ¢ 0 sSliud) Lallas

e Itis used in manufacturing of molds and as a sealing

substance in baths and kitchens.
aaall g lalaadl 8 G puill Zaila 30LeS ) 8l aviead A dalodinl o4

e Silicone resin is used in electrical insulation and in

making construction materials water proof, too.
sl o lall da slia clid) o) 5o whea (5 AL eSI Joall B O sSilind) il ) padiiuy

CHAPTER QUESTIONS 5
Q1) Write the following reaction equation
1) Magnesium and silicon dioxide

2Mg + Si0, —B—» 2MgO + Si
Magnesium Silicon Magnesium Silicon
dioxide oxide

2) Magnesium silicide and hydrochloric acid

Mg2Si + 4HCI —— SiHs + 2M(gCl;
Magnesium Hydrochloride Silane  Magnesium
silicide acid chloride

3) Silicon dioxide and carbon

sio, + 2¢ —2 , ocolt+ s

Silicon Carbon Carbon Silicon
dioxide monoxide

Chotearmmed él(oé;ﬂﬁa/ QS
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Q2) Write electron configuration of following elements and ions :
Si and Si**

Si : 152 252 2P° 352 3p?

Si**: 182 252 2p°

Q3) Where are silicon and its compound used ? Write them

1. Electronics industry, electrical appliances and in manufacturing
solar cells.

2. Metal bars used in different industries.

. Glass, cement and ceramics industries.

4. Organic silicon materials which are very important commercially
in the production of oils and plastics.

w

Q4) Explain with writing chemical equation how to prepare silicon?
Preparation of silicon
A — Preparation In Laboratory :

Non-crystallized silicon can be produced by heating potassium
element in silicon tetra fluoride (SiF4) according to the following
equation : A

SiFs, + 4K —————— Si + 4KF
Silicon  Potassium Silicon Potassium
tetra fluoride fluoride

The crystallized silicon can be obtained by melting silicon in
aluminum then cooling the solution. Finally, silicon crystals can be
separated from the solution.

B — Industrial Preparation:

Silicon (Si) can be prepared industrially by reducing silica (SiO,)
using high temperature and carbon or magnesium as a reducing

element, as in the following equation :

Si0,+2¢ —2 , acot+si

Chotearmmed éliggzﬁa/ QS
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Q5) Complete the following :

1- There are two types of silicon dioxide silica in nature, first one

pure as gquartz, and flints and non-pure type such as sand, and
clay

2- It can be prepare Silicates from extreme heating silica with

metal carbonate or metal oxide.

3- The elements of the fourth group have common oxidation +4

, 12

4- The oxidative state +4 is more stable in carbon and silicon.
5- The silicon reacts when it heated to 950 C with oxygen or

aerated air to give Silica

6- The more the characteristics in group IVA

metal characteristics when we move from the top of the group
to the bottom in this group, also the elements of this group
melting and boiling points decrease as we move from the top
to bottom.

7- Silicon has two main forms, the first form of silicon is

crystallized has dark brown color, the second form
non-crystallized , and has dark gray color.

Chotearmmed élioégzﬁa/ QS
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CHAPTER SIX

INTRDUCTION TO ORGANIC

6—1INTRODUCTION

Bxplain 7 Qver there considerable importance of carbon 2™/ due its
unique features as it the principal element in the molecules of living
organisms and their nutrition.

Leidat 5 dpall il iy a8 el puaial) 43l a5y ) aailad Can ¢ 508U 35S dpanl cllia

6 — 2 IMPORTANCE OF ORGANIC COMPOUND
(6 seandl S 5l dgaal

Organic compounds are important in our lives as they represent :
i LY Uil g8 dage 4y pumall LS
1. Forms of basic food materials for human and animals, which

are: proteins, carbohydrates, animal fat and plant oil .
s 3 5 Al ol saall 5 <l g S g i s )z s o) saadl s DU Aul) Aglaal) o) sall JIS )
2. Many natural and synthetic products like cotton, wool,
natural and synthetic silk, paper and plastics.

3. Fuel like petroleum, natural gas and wood.
LAYy mnlal) Sl s il Jie a8l Y

4. Medical drugs as well as vitamins, homones and enzymes.
il 33V 5 ol sa el 5 clinalinl] GUAS g dudal) jlaal) ¢

Wﬁj;ﬂmﬂ/ él(fofﬁﬁa/ Qﬁé/éﬁ‘é
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6 — 3 EXISTENCE OF CARBON IN ORGANIC COMPOUNDS
4 gand) LS jall 3 O 50 U 2 5m
Carbon is the essence of the organic compound and to prove its
existence in such compounds, the following experiments can be
used :
DAl Cladll aladin (S LS yall 038 Jie (803 s s SlEY 5 (5 eand) S Al 8 s 2 (50 S])
1- When lighting a candle or a piece of paper or (any organic
material), carbon dioxide COy, is released which can be found
by adding calcium hydroxide solution, Ca(OH), which makes
it turbid, whereby calcium carbonates are formed CaCOs
sala) Sy 52 5 COZ 0528 sl 36 lhaty (4 saac 33ke 5T) sl 550 (e Aadad gf dmadi Jlad) dic - )
CaCO3p sl i g3 S JSUE S | 5800 Alany Laa CA(OH)2 a3 5y Jslae ALy
2- When sugar, an organic substance, is burnt in
a test tube, a black substance is formed which
is carbon. This indicates that carbon is found

in sugar as a component.
o #10g Bala JSEH ¢ HUEA) o sul 8 ¢ 4y ac Bale sa 5 ¢ Sl (3 a e Y
O5SaS S asa ge s SU O ) 138 et s S

Burning of sugar

6 — 4 GENERAL FEATURES OF ORGANIC COMPOUNDS

4 sand) Gl pall daladl il )
Organic compounds in general have distinctive features, including
the followings : ol Lo Leia 3 3an il Ll ale JSs &y sumall LS al)

1. All organic compounds contain carbon in their compositions
and are subject to decomposition or combustion by heating,
particularly if heated to high temperature.

o5 13 Aals Cptnally Bl a1 f Jlatll ity g S (o LS 5 (R peanll SIS Al as (5 5a3-)
Adle 5 ) da al e
2. Atoms in the organic compounds are bonded by covalent

bonds, making them react slowly.
o Jo i Lglany Lea Tpanlucl Jaol 5 1Ly Ak s 4 gumall LS sl 3 0l 31X
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3. Many organic compounds do not dissolve in water but soluble
in some organic liquids such as alcohol, ether, acetone and

carbon tetrachloride.
S8V JsaSl) e g pumell 3 guall mns 3 535 iUy slall 3 ol Y g pumal) ISl (g0 pall Y
O3S 25618 a5 sl
Exercise 6 — 1

How can you prove presence of carbon in organic compounds
experimentally ? € Loy 4y small LS el 3 05 S0 2 535 i) i€y CaS

6 -5 COVALENT BONDS OF CARBON ATOMS IN ORGANIC
COMPOUNDS g el LSl () 5,80 3 ALl a5 )

Carbon atoms bind by four single bonds with hydrogen in a methane
molecule (CHy). Sl es 0 (o cnm el g 83k Jal s Ana 0 e SU @53 Jas 53

Carbon has an atomic number of 6. Therefore, the outer shell
(valence shell) of carbon atom contains four electrons, so for the
carbon atom to reach stability it must share the four valency

electrons with other atoms.

dr )l e (s sing 05 SU B3 (SN Cadle ) o plad) Gl la ¢ Al T s 3 aae e s SIH s siag

A pa Ay YY) S g ) @i o cang ¢ LW ) sS850 dhal SISl ¢ il g i)
LAY

Figure 6-1
Electron configuration of
carbon atom

)

' H H
Uﬁée; >c= c<
J

H H

Ethylene: A double bond and 4 single bonds

Wﬁgfﬂmﬁﬂ/ él(fzfﬁﬁa/ Qﬁé/éﬁ‘é
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Carbon atoms might bond with each other in triple bonds, as in acetylene

molecule:
A

H-C=C—-H

Acetylene : One triple bond and two single bonds;

There are thousands of organic compounds in nature and can also be
synthesized as well. et Wl (S g Raplall b 2 smal) LS all (0 YY) lin

This is because carbon atoms' ability to bond with each other to form
open or closed chains (rings), these chains include single, double or

triple bonds between carbon atoms or other atoms.
O ¢ Alea 5l da gide (@lila) Judle JSE Ganll any Tl Y1 e g U @ )35 508 ) @lls aa
AN AN gl s STl d AN o A g3 e gl B3 ke dadl 5y e Jaitis Judbad) oda

The following examples illustrate various forms of organic

compounds : Ay emal) LS yall pe Ailida YIS 00 ALY e
H
|
-G8 AR i
|
il 8 Ageegn uecon
HoG-g- o ' h
HH H Organic compound Organic compound with
Organic compound (unbranched chain) single covalent bond
(branched chain) Butane ) (Methane)
Isobutane
Wﬁﬁ'}ﬂ/ﬂﬂﬂ/ e Q05 i
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! ! Organic compound with H/ %
- H H . "H‘l"'l" covalent band H
Urganic compound (Acetviene) Oreanic ,‘-[)lll‘l‘,_,,lll‘\l with
containing oxygen element double covalent bond
(Ethyl alcohol) (Ethylene)
CH, CH, HC  CH,
HG CH
A | | " a
2 2
HC CH, H,C CH, HC  CH,
Cyclic organic -_u,»l:qm;nl\l (_'_\',;llﬁ organic L'\\m'l’n‘»l!l]d Cvelic organic u.,“”—,”l;,.;k]
in triangular shape in pentagon shape in hexagonal shape
(Cyclopropane) (Cyclopentane) (Cvclohexane)

Methane, CH, represents an example of organic compounds which

contain single valence bonds,this type of saturated hydrocarbon

compounds is called alkanes.

S a0 sl 130 (pmnnys ¢ 5 sk IS5 Ll 5 e (5583 () Ay pumal) S pall Yo CHy ¢ il iy
(S daliall G 0 S g el

As for ethylene molecule CyH., it contains double bonds between

carbon atoms, these compounds are called alkenes.

CLSIVL LS pall o3 ansi g ¢ g3 STl 3 G As g3 e Jail ) e (s gisg 58 CoHa Y e 3 Wl
Acetylene CyH> has triple bond between two carbon atoms. These
compounds are called alkynes.

ALASIY) LS all 3 om0 )SH (g G O AN Al e GalitnY) (5 siag

Both ethylene and acetylene are called unsaturated hydrocarbons.
i) e lis S nel) el 5 Gl e IS e Gl

Ethyl alcohol, acetic acid in addition to benzene and phenol

compounds which are examples of closed chain organic compounds.

ALl l3 4 guand) S pall Al i ) J gl 5 0 53d) LS e ) ALY LAl (aes s QY] I saS
Al
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6 — 6 SOME ORGANIC COMPOUNDS 4 gamall LS all iany
6 — 6 — 1 Hydrocarbons :

They are the compounds that contains only carbon and hydrogen ,
either saturated or unsaturated.

Anpdia gt o Aaadie CulS ) gas ¢ Canghedl 5 e SY e da (g giat Al S all 4
These hydrocarbons include : il g S 5 el o3 Jad
1 — Methane (CH.) : H

Its molecular formula is CH4, whereby a carbon H —(lj—H
atom is bonded with 4 hydrogen atoms in a single |
bond. H

& omome b ab s Sl s da ) o s ¢ CHyger A jall diia
33 i ol g Structure of Methane

a) Existence in nature : Gasalall 3 2 sl

It is the simplest hydrocarbon compound, it is found in large
amounts as natural gas which accompanies crude petroleum, it is
emitted from cracks of coal mines, it is also formed when organic

materials are decomposed in stagnant waters of ponds and swamps.
B8 (g Caatiy g ¢ HAY J g il Caliaal) oaplall Sl Jie S Gl da 0 ¢ (s S 550 S e anad 4
(ladiivnall g @l 5l 53K 511 olyall 8 2y guzanll o) gall Jlai Lanie Wiagl JSU 5 ¢ aandl) aalic

b) Preparation of Methane Gas in Laboratory: — sad i gl e juaas

Methane is prepared by using the apparatus below , whereby sodium
acetate is heated at high temperature along with sodium hydroxide
or calcium hydroxide (because the mixture will have little effect on
glass and ensures higher melting point for sodium hydroxide ) in a
test tube the resulting gas is collected by removing the water further

down.

S 558 aedlle B ) ya da 0 e g geall bl (paid G Cua colial lead) alasiuls Gl juas

Sl Dl A Gacays zla il e Jiia 5l 4l ()5S Balall ) a sanllSl) 2S5 508 5l 0503 geal
i) ) elall 1 5] 5k e Leran ay ) ) JLiad) gl (A (o502 sl 2S5 s8]
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Sodium acetate and Sodium

hydroxide
l = e
i !
-‘ ] 3. An apparatus for preparation
Ny of methane gas
A

CH,COONa + NaOH —=> CH,1 + NaCO,
Sodium acetate Sodium hydroxide Methane Sodium carbonate

c) Physical and chemical Properties of Methane gas :
ol R Al Ay 3l Gailiadl
1. Colorless and odorless. A5 o sl e
2. Highly insoluble in water. Alle da oWl 8 plsill QM6 e
3. Flammable, smokeless flame, releasing carbon dioxide COs,
and water vapor and energy, as in the following equation :
A Aol 8 LeS A8l 5 el Hlay s CO2 Ose S asst U lhay s A Y s JaiiD W8 e gl

A
CH, + 20, —— CO, + 2H,O + Energy

Methane Oxygen Carbon dioxide Water vapor
2 — Ethylene (CoHa) :

H H Ethylene has the molecular formula of C;H.

. J in which two carbon atoms combine with
C=C each other through double bond. It is one kind
7 AN of unsaturated hydrocarbons which are called

H H "Alkenes".
Structure of Ethylene ., . s 3 s i oy 32l fopcall e i) s s
(C2H4) Ge daly g 4l Aasie dhl) B e el lgan s
"SIV e Al Al e il S5 gl

Wﬁgfﬂmﬁﬂ/ él(féﬁﬁa/ Qﬁé/éﬁ‘é
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a) Preparation of Ethylene Gas In Laboratory

Ethylene can be produced by heating ethyl alcohol C,HsOH, with
sufficient amount of concentrated sulfuric acid up to 170 °C as in

the figure below .

W in 5 sal) iy S (nala (o G418 33a; CoH5OH ) J5aS (s sk o i) 1) (s

'S
Ethylene gas ump case

Water

sl 3 A1 e jpmad

Slal Jall A LS 4y g da o

Funnel

Iron rod

Ethyl alcohol +
Concentrated
sulfuric acid

Basin —

The sulfuric acid removes water
according to the following equation

) Aloaall G 5 J 5aS) e el 6o 3 ity €I man a3

C H OH Concentrated HESOJ)—_
23 170°C

Ethyl alcohol
b) Physical Properties of Ethylene

1 — It is colorless with sweet and musky odor and insoluble in water.

2 — It burns with a smoky flame prod

lall s s Sl 2T G e dde il GA gl (B ing

3 — It reacts with the red bromine water and removes its color.

Wﬁmﬂmﬂd e Q8 b

117

molecule from the of alcohol

+
CH,1 + HO
Ethylene Water

A AL 5l (ailiadl
slall (8 LAl W8 pe g clusall dx3) 55 o 6lll anre

ucing carbon dioxide and water.

sl Qs e a gl sle e Jelity
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+* This process can distinguish between ethylene and gaseous
methane. Methane does not react with the red bromine water
and color does not disappear. Ethylene, on the other hand

reacts with the red bromine water and the color disappears.
Crm sl 583 Y 5 a1 o sl oo e sl Jelit Y o S sl s LY o Saael Aea) o) (S
sl iR e gl el ga b)) Jeliiy ¢ AT Aals

Ethylene + red bromine water —— red color disappears
¥ ol s

Methane + red bromine water —— red color doesn't disappear
ol ol G Y

3 — Acetylene (CoH») :

It is a hydrocarbonic compound with the
H—C=C—H molecular formula of (C2Hy) in which the two
carbon atoms combine with each other in
triple covalent bonds. It is an example of the

unsaturated hydrocarbons called "Alkynes".
Lpaalud layl 5 ) (B (anill Leguans ae 0 52 S U3 2 Eus (CoH2) J 4 jadl apally 550 )S 5 508 S ja 4]
SALKYNes" slawall dandiall e g S pnell e JBa a3) A5G

Acetylene (C,H,)
molecule

a) Preparation of Acetylene :

Acetylene can be produced by the reaction of calcium carbide, CaCo,
with water . slall aa CaCy assndl S gy 58 Jelii 335k o0 Galiien) 28 (S

CaCr +2H,0 ——» CoH, T+ Ca(OH),

It is an industrial process of acetylene production also. In the
laboratory, acetylene can be produced as shown in the figure by
putting calcium carbide in an erlenmeyer flask. Water is added very
slowly and gradually using a tube. The reaction which happens
immediately produces the gaseous acetylene which can be collected

from the bottle by removing water downward.

Gk o JSAI b g o LS b 2 ) (S ¢ il 3 Wl (i) 2 dpelia dlee 1

@A) Jeliil) ity gl aladinly g paills pad eday elall Ciliay | (das saa (350 (B psandlSI an S g
il (Wl A1) 510k e Aala 3l e dmen (S 2 (5l Galiian) i) e iany
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Water

Funnel _>E ,

<——acetylene

\
Calcium 4/ , e g'?q

carbide

b) Properties of Acetylene

1. Itis a colorless gas with a bad smell. It smells like garlic.
sl Jie Lgiadl ) Agn S aiadl 55 slll e Sl
2. Itis insoluble in water. slall (b oy Y

3. Combustion of acetylene forms a smoky flame.
Uaae Ul JS3 i) 3l sial
4. 1t burns with oxygen gas in making a faded blue flame and high
temperature : 5ol all da ) gLl caals 33 gl a8 CpanSY) Sl (3 yisy

2CoH; + 50, —— 4CO; + 2H,0 + Energy

5. It reacts with the red bromine water and removes its color.

Al Jis e el ele g Jeliy
This reaction is used to distinguish between acetylene and methane
gas. Acetylene removes the red color of the bromine water whereas

methane has no such effect according to the following equations :

o) sl Lais o s all el yan¥) (5l sl o3 Ol L8 5 Gl G Sasaill Jeliil) 138 aadiay
- Al oY aleall a8 5 ) 138 Jie 4l

Acetylene + red bromine water —— red color disappears
e sl sy

Methane + red bromine water — red color doesn't disappear
e ol diay Y

Wﬁgfﬂmﬂd él(fg/ﬂﬁa/ Oﬁé/éﬁ‘é

CHAPTER 6




DK» 1
_—— | CHEMISTRY 3 CHAPTER 6 | e

c) Uses of Acetylene

1. The mixture of the gas and oxygen is used to produce the oxyacetylene
for cutting or welding metals.
Ol alad ol adadl bl S V) Z LY sV Sladl Ll andiy

2. The gas is used as a raw material in the production of rubber plastics
and acetic acid. LI (mes g dglallaall clalll L5 8 AlA 3aleS Slall ardiuy

4 — Ethanol (Ethyl Alcohol) (C2HsOH):

Alcohol was known long time before and was produced then by fermenting

molasses, dates or grapes in isolated air . By the effect of Zymase enzyme, its

occurs naturally in yeasts sugar is converted into simpler sugar which in turn

Is converted into carbon dioxide and ethanol by effect of enzyme.

e sed) & il )}43%‘ S oSl Gy e Gaob e D am il S5 ¢ amg () dia E}J’-A‘dﬁﬁ‘ oS

Jsataosm s bl S ) Sl dysat oy ledlli g prple IS Catag e a5 pa ) il . s el
22 0¥ s SN 5 O e pSI sl 6 )

Zymase enzyme
Simple sugar » Ethyl alcohol + Carbon dioxide

Alcohol is then separated from its aqueous solution by the process of
distillation. ekl dlee 55k e el alslae e Jpasl Jusd o 2

Ethanol or ethyl alcohol can be produced industrially from oil products
through the reaction of gaseous ethylene, C,H, with water with the existence
of concentrated sulfuric acid and other factors such as heat and pressure.
slall e CoHa ¢ g el b)) delis DA (e Apkaiill laisall (10 Lo lim JAYI JsaS 51 J Y 28 (e
Jasall 53 ) jall Jie s Al dalse 5 38 pall iy <) (aes 3505 0
Concenrated H,50,

CH, + HO —= "% CHOH

Ethylene Water Ethanol or ethyl alcohol
Wﬁg‘ﬂi/ﬂﬂﬂ/ A LA Qﬁé/ég‘é
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a) Properties of Ethanol (Ethyl Alcohol):

1. Itis a liquid with a boiling point lower than the boiling point of water. Its

freezing point is very low.
Alall Amatia daadl) ddads clall jlle ddads e adble da jy Jai Jilu ¢4

2. Itis avolatile liquid with a very distinguishing smell.
\hb‘).\mz\éﬁ\‘) _93 ‘).ILL.\.A J.ILu

3. Itis an active solvent to many organic substances.
A0 pennll O gall fpe el Jlad Cula

4. Complete combustion of ethanol produces a faded blue flame and forms

carbon dioxide, CO, and water vapor.
el s 0 s S sl 5 s S T G S Gal 33 Gl ity J B0 JalSU G3) yiaY)

b) Uses of Ethanol (Ethyl Alcohol):

1- Ethyl alcohol is used as a raw material in many industries especially
cosmetics, commercial rubber, ink, many types of paints and perfumes.
Jealls ool Jaladll s Jaeail) ¢l jmatie daals cilelivall (e aall 82l 52l LAY JsaS) aadiy

Jshall s Cllaall &1 5l (e el

2- Itis used in the production of alcoholic beverages and drugs.
<l 5 A sl il g pdiall delia b aadiy
3- Itis used as a motor fuel through mixing it with other oil products.
AV A I il e 4n e IS e paall 2 8 ooty
4- Used as a sterilizer by mixing it with some iodine and it is poisonous.
plos o8 935l mamy e adaliy alzaS aadiiy
5- Ethyl alcohol is very cheap for industrial purposes. It is undrinkable as

some poisonous substances like methyl alcohol are added to it and by then

known as inactivated alcohol (sperto) . Also, some dyeing substances are
added to it to make its color different from pure ethyl alcohol.

Jio Zaladl o) sall (mny 4] il Eum M mlla e 4 Aeliall (il 23 las (o) A J5aS)

Lot drad Lgl) Aeluall ol ge Gany A8la) oy S (5 ) Jlamal) Jasll audy o) a3 ey diisall JsaS

S8 Y Jsasl) e elida

Chotearmmed él(zéfzﬁa/ QS
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c) Effect of Ethyl Alcohol on Human Beings:

Drinking alcohol disturbs the consistency between the muscular and nervous

systems. These changes in the human body caused by alcohol slow down the

functions of nerve cells in the nervous system.

J S Ly Al Gl an A i) o8| sl Jleall g diaall Slead) G Guliill me 5 JasSll Gyl
emanl Sleall 8 duasll LAY Caills 5 das

5 — Acetic Acid (CH3COOH):
a) Industrial Preparation:

Acetic acid is produced industrially by the reaction of acetylene with water
using sulfuric acid and other facilitating factors.
5 AN il ol g5 Aty 50 s platidy elall s i) Jelit 5 sk o Gelin LIS Gaen 3y

CH3;COOH
b) Properties of Acetic Acid: H3C—C/<
1. Itis aliquid at room temperature. sl ) s s 55 & Jilu 4] o e
Acetic Acid

2. Itisavolatile compound. liie S ye 43)
3. Itreacts with sodium hydroxide to form water soluble sodium acetate.

slall 3 L g2 ALY 4 gas guall s (0 oS3 o 50 guall 2S5 H1 ae Jelity
4. It can be mixed with water at any rate. Jana (sh elally Lehala (S

6 — Benzene (CsHe):

Benzene can be extracted from coal tar which is one of the petrol products and
is fugitive (vapor quickly). Benzene is a hydrocarbonic compound consisting
of carbon and hydrogen.
58 ol (@m Jag) cola s A il clatiall aal a5 (gonall andl) ol e cp 3l adlAtul (Say
O3l s O SI e O 5SE (S50 S 50 S e
Explain / Combustion complete of benzene is results in a very smoky flame.
O s Gl il JalI &) e e iy / Jle

Answer / Because of the high percentage of carbon in it.

A (9 ST A el )l s / il gl

Benzene is the simplest compound in the group of hydrocarbons which are
called "Aromatic Hydrocarbons" because of their distinctive smells.
5 el Lgadl 5 ) sy A slaall 5 S 5 Haell” cans AN U g2 S 5 p2ll Ao sane (B S e Janl 58 3

Wﬁgfﬂmﬁﬂ/ él(zézfﬁﬁa/ Qﬁé/éﬁ‘é
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Benzene vapors very quickly and boils at (80°C).
(sieda n Av)yvie Jaygs pSde jun o3l Ha

It is not soluble in water and is used as an important industrial solvent to paints

and many important industrial products.
Aalgd) Lo liall cilaiiall (o apaall g cililaall aga elin CueS addivn s slall 3 sy Y

It is also used in the production of insecticides, nylon, modern detergents, etc.
Al ) Le g @aall cladaiall 5 ) sblll 5 4 pdal) Claa) 2L 8 andiu il LS

(/"%\Té ™

w Carbon Benzene Ring CsHs
@ Hydrogen

CHAPTER QUESTIONS

Q1 ) How can methane gas be produced in laboratory, draw shape of

equipments and write the reactions?
S Dle laal) AU 5 lamall JS5 s 5 idall 8 ) Sl #U) (S i

Answer ) Page 68

Q2) Give example about following terms :

Branched chain Unbranched chain Cyclic chain
H
|
H-C-H I_II I'll I_ll III CH,
H | H
I | H—C=C—~C~C=H
H-C-C—-C-H L& b
H H b H H H HC cH,
Organic compound Organic compound Cyclic organic compound
Aanihed kel (unbranched chain) in triangular shape
[sobutane Butane (Cyclopropane)
Wﬁgfﬂmﬁﬂ/ ALz Qﬁé/éﬁ‘é
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Q3) Choose the most appropriate of the brackets that complete the following
expressions :
A ) pel) a3 3l 8 sl 3
1. All organic compounds contain one of the following elements in their
composition ( hydrogen — oxygen — nitrogen — sulfur — carbon )
- Ol - SV - G g pngll) AU usliall aaf e LgaS 5 8 4y sumall LS Jall gaen (5583 )
(OsSI) - sl

2. The bond covalent between two carbon atoms in the saturated
hydrocarbonsisa ................

a) Single b) Double c) Triple

3. The gas that is found in large amounts in natural gas is ....................
......... A gl Rl 85508 ey o g sall a1 Y

( Methane — Ethylene — Acetylene )

4. In acetylene : two carbon atoms are bound each other by ...................
....... ol Lagiansy () g S (e ()3 e i cpliian¥) 3 ¢
a) Single covalent bond

b) Two covalent bonds
c¢) Three covalent bonds

Q4 ) How can be produced acetylene gas in laboratory, draw shape of
equipment and write the reaction egaution ?
Sadll 2 ) AU 5 Clarall S5 a5 ¢ aida) 8 Gl Sle L) (Say ca

Answer ) Page 70 - 71

Q5 ) What are the general features of the organic compound ?
€5 saanl) S yall dalal) o) o Lo

Answer ) Page 63 — 64

Q6) Write balance equations of the following :

1) Heating of Sodium acetate and sodium hydroxide :
CH3COONa + NaOH —— CH,4 + Na,COs

2) Burning of Methane, ethylene, acetylene gases in air :

CH; +20, —— CO;+ 2H,0 + Energy

Chotearmmed él(zéfﬁa/ QS
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CH; + 30, ——  2CO, + 2H,0 + Energy
2C,H, + 50, —» 4CO, + 2H,0 + Energy

3) Reaction of water with calcium carbide :
CaC, + 2H, O — C,H, + Ca(OH)Z

Q7 ) Explain the effect of normal alcohol on the humans body after drinking
it? fay 5 2my Gl s e aplall JsaSll il 2

Drinking alcohol disturbs the consistency between the muscular and nervous
systems. These changes in the human body caused by alcohol slow down the

functions of nerve cells in the nervous system.
JJAQ\LG—‘MGJ\UL““Y\%“‘AGE“—’\)J’:‘M°M’ Gmaaj\ ‘)L@Aj\jsl..aﬂ\ )L@\w&xbﬂ\ccfdj;ﬁ\g_\y
cranll Sleal) 8 duaall LA (il o

Q8) What is inactivated alcohol ( Sperto)? (55 mw) Jhandll Jsasll 5 L

Alcohol is undrinkable as some poisonous substances like methyl alcohol are
added to it and by then known as inactivated alcohol (sperto) . Also, some
dyeing substances are added to it to make its color different from pure ethyl

alcohol.
Jall auly Caad o3 ey Jitsall JgaS Jie daladl 3 sall (iamy 4d) il G il wlla e Jsasl)
&) LYY Ol e lida Lei 5l Jaad Led) deluall o) g lany Ailia) oy LS (55 j0m) Jhasall

Q9) 1. Compare the methane, ethylene and acetylene gases about :
D s Ol Gl 5 Gl il e c o8 ) (3

No. Property Methane Ethylene Acetylene
1 Color Colorless Colorless Colorless
2 Solubility in Highly insoluble in Insoluble in water | Insoluble in water
water water
Flammable, smokeless )
g It burns with a .
flame, releasing Combustion of

Burning in air in smoky flame

3 carbon dioxide COy, ) acetylene forms a
normal form producing carbon
and water vapor and o smoky flame
dioxide and water
energy
4 Reaction with red red color doesn't red color red color
bromine solution disappear disappears disappears
O oammeed Admed QS oh
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2. What is used with acetylene gas to produce strong flame?
f 58 el Z LY Gl e pa adiing o3 Le Y

It burns with oxygen gas to produce strong flame A
B e ZWY CpansY) Sl 3 iy

Q10 ) What is the importance of benzene? £l Laal o L

1. Benzene used as an important industrial solvent to paints and many

important industrial products.
Aale)) Lo liall ciladiall (o aall s cililaall s e liia (S g jull addiu

2. Benzene is also used in the production of insecticides, nylon, modern

detergents, etc.
Al L Zpaal) cilabaiall g ¢ LUl 5 & pdall ) #5) (8 Wagl o il aasiy

Q11 ) What is the methane gas that is reflected in each of the following
observations :

Al laadll (e JS (8 GaSady A Gl e sa L
a. The gas is collected when it is prepared by pushing the water down.
oY elall ads 315k (e o juaat vie Sl apead oy |

Because highly insoluble in water
elall 8Ll LAl QW8 ye Y

b. Gas does not react with bromine.
el g SRl deliy Y @

Because it is a compound saturated with hydrogen and all its bonds are single
83 jdke adadl 55 asen s (i s yuelly aadia (S e 43y

c. The gas burns with a smokeless flame.
AR Y Qe 3 iy S~

Because it contains a low percentage of carbon
O5SN (pe AL A e (g ging Y
Q12 ) Both acetylene and Benzen are ignited with an smoke flame, what do

you deduce from this observation.
Abaa3lal) 028 (e e 13led ¢ (A gl G 3l s YD (e S Jedy

We conclude that both acetylene and benzene contain a high percentage of
carbon
O}.’J&‘ e Alle A L;r— LE}*N L.).-‘J.-.‘:‘M} iyl e S Qi i

Wﬁgfﬂmﬁﬂ/ 21(56/775&/ Qﬁé/éﬁ‘é
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CHAPTER SEVEN
GROUP VA&

7/ —1ELEMENTS OF GROUP VA VA Ze sendl yalic

Group VA (group five) consists of nitrogen (N), phosphorus (P), arsenic (As),
antimony (Sb) and bismuth (Bi) as shown in the periodic table below. All the
elements in this group have five electrons in their outer shells.

(Sb) 015915 (As) &in s (P) s sill s (N) coms sl o (Rl A panall) VA 38 sanall ) S5
duad o de senall oda (A jualiall maes (sgind olial (g sall Jsanll (8 i galsa WS (BI) gl

ol e 4l )
Place of group VA elements in periodic table.

IA vilia
H | m WA VA VA ViA viia | He
Li | Be BlC|NJO|F|Ne
Na|Mg|ule s vB vin viis,e— vis—s, 18 nun | Al | Si P] s|a Ar

K |ca|se|Ti| v|cr|Mn| Fe| Co| Ni| Cul zn| Ga| Ge| A8l Se | Br| Ke

Rb Sr Y Ir Nb Moi'l'c 'Ru Rh ”Pd .Ag d in Sn| Shy| Te| I Xe

Cs| Ba| La| HE| Ta| W| Re| Os| 1r | Pt| Au| Hg| 1| Pb| Bi] Po| At| Ra

Fr| Ra| Ac| Rf Db ISg Bh ‘Hs "Mt | Unn| Uus| Uab

7 —2 GENERAL CHARACTERISTICS OF GROUP VA

Although the five elements of this group form less than 0.2% of the Earth's
crust, they are very important in nature.
& Aaga Ll V) G Y1 5588 (e 70, Y (e B S Ao sanall odgd Asadl) jualiall O (e a2 1) e
aglal
The most important properties of the group VA elements are :
1A VA e seadl yalic ailiad aal
1- The properties of the elements vary gradually from being nonmetals
(nitrogen and phosphorus) to metals (bismuth). Arsenic and antimony are
metalloid.
eV 5 g 3l (5 34) Oalae () (Uisien shs G s i) A e L35S (e Limg 55 paalinll 53 i

ksl e
2- Nitrogen is gaseous. The rest of the elements are solids in normal
conditions. el g kel dAka paliall BL s5le cpa il
O oammeed Admed QB
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Phosphorus and nitrogen have the propensity to form covalent compounds,
other elements like bismuth and arsenic form ionized compounds.
Ay e LS ya JSE et ) 5 g ) e (5 5A1 palic ¢ daanlod LS ya 0 65 ) Cpm syl 5 s ) s

The acidic and basic properties of the elements’ oxides also vary from being

acidic (phosphorus) to basic (bismuth).
(D5932) Rl ) (Usbor ) Fman L35S (30 Ll sl 200 Bl 15 Fpimanl) i) i

7 -3 NITROGEN
] Shell symbol| Shell number ﬁli;ggrns r.

Chemical symbol N " o o™ \
. K 1 2 ™
Atomic number : 7 o ;3

L 2 5
Mass number : 14 \O\O//
Electron configuration
of Nitrogen

7 —3 —1 Occurrence in Nature ;

Nitrogen constitutes 78% of the Earth's atmosphere. It is mostly an inert gas

in standard conditions. In ancient times, it was called "Azote".
osandl b Aauldl Gl 6 Jala Gle el Asa a0 g sad) Cadladl (e ZVA g il U
Mg adle ey IS ¢ dgadl)

7 — 3 — 2 Preparation of Nitrogen«
Nitrogen can be produced in.two ways :

1 — Preparation in Laboratory :

A mixture of ammonium chloride (NH,CI) and Sodium Nitrite NaNO; is put
to a heating source with.some water to prevent any possibility of explosion
occurrence, as in the figure below. The reaction can be expressed by the
following equations :
i el (s aa (pddt juae 8 NANO; psd seall o st g (NHACH) o sa¥) 258 (o Jailas a3
A Y aleally Jeliil) (e ) (S olial JSEI A LS ¢ jladi) ¢ gasd Jlaial (4
H,0

NH4Cl + NaNO; NaCl + NHsNO;

—

A
H,0
NH:NO, —> 2H,0 + N>

Chotearmmed él(zééﬁﬁa/ QS
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Preparation of nitrogen
from ammonium nitrite

\\ Nitrogen
\\

Ammonium
chloride and
Sodium Nitrite

\ «— Water
|

2 — Industrial Preparation :

Large quantities of gaseous nitrogen can be industrially produced by the
fractional distillation of liquid air which must have no carbon dioxide (CO,).
6 sim VT oy (20 il o) 5l 3 ) yudail] (33 5 (g Be i o) oo 5 il (pa 8 S ClaeS 2 3] (S

(CO2) 05280 2l G e

Explain / In Industrial Preparation of nitrogen, nitrogen distills first leaving
oxygen behind o) g S TS5 GH a5yl Sl ¢ gyl celuall juaaill 8/ e

Answer / Because the boiling point of nitrogen (-198°C) is lower than the
boiling point of oxygen (-183°C).
(sie A )3 YAYL) a8 GLlE G 5o (e 81 (R0 A )2 VAAZ) G syl e s 50 Y/ A8 Y)

The produced nitrogen contains very small quantities of oxygen which can be

removed by passing the gas through heated copper fillings which react with

oxygen to form (CuO).

Ssda e S e Gk oo Lel) S S (e Iaa 8 s S o ) Cpns ) (g s
(CUO) 02558 (€Y o Jolit Al e

Wﬁgfﬂmﬁﬂ/ él(zégfﬁﬁa/ Qﬁé/éﬁ‘é
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7 — 3 — 3 Properties of Nitrogen :  Cpm gl Gailiad

1 — Physical Properties : - 2 3l ailiadl)

Nitrogen is colorless, odorless and tasteless. It has the form of diatomic

molecule (N2) at room temperature. It is less soluble in water and is almost

inactive in normal conditions.

AL 8l a) 28 a0 550 s da o 8 (N) 33 A s da JSG Ll 3laall 5 dadl 1 g o sl ane Gaa 5 il
Al bl ALy Eihi e g elall (8 sl

2 — Chemical Properties : + dlgasl) al 5

1. Heating nitrogen leads to direct interaction between nitrogen and
magnesium, lithium and calcium. When mixed with oxygen and the
mixture is put under a spark, nitrogen produces nitrogen oxides (NO, and
NO).

e Bl Lavie o sl g o glll 5 o guuniaall O il g il el @l s il i 503 )

(NO 5NO2 ) Cr s 5ll 20lS) a5 38 iy ¢ 5 ) il Laglall a5 (pasSY

2. Heating nitrogen with gaseous hydrogen under high pressure and with an
appropriate catalyst produces ammonia (Haber- BOSCH process),
according to the following equation :

A Adee) L) 2l Canlia Jaa s adi ye Jaiiia a3l Ca s suell G g sl (pd oo oy, ¥
Uu\dawﬂkéa}‘(wy
A / high pressure

N, + 3H, 2NH;

Catalyst

Catalyst : A substance that changes the speed or yield of a chemical reaction

without being consumed or chemically changed by the chemical reaction.
(el Jeliil) Aau) smailiasla ghiad ol eSleiul oty O ()50 (e Jeli il ol de ju i 33l 1 s

7 — 3 —4 Uses©f Nitrogen:

1. Itis used to produce ammonia industrially. It is the most important use of
nitrogen due to the vital importance of this substance in the production of
fertilizers and in the production of nitric acid (Ostwald process).

8aauY) 2L 8 4 in Lpadl e 5ol 03] Lal (g yiill aladin) aal g5 Lielia Ui sl £ LY asladin) S5

(A i sl Aglas) ey il (mals ) d

2. Itisused in cooling and freezing food products by putting the products into
the liquid nitrogen gas.
L) g Rl Sle b i) aa g 3yl e Blaal) cilatiall duans 3 5 8 Aeladial o

Wﬁgfﬂmﬁﬂ/ él(i)/ﬁﬁa/ Qﬁé/éﬁ‘é
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3. The liquid nitrogen is used in the petroleum industries. It is used to cause
an increase in the pressure in the petrol producing wells to push the petrol
up the wells.

Cronll Aamiall HLY) A akal) 850k ) GlaaY asladiul oh A5 il cileliall & Qi) cpaa g il aadtin

DY) el U G il aaal

4. Itisused as an inert agent in containers and tanks of flammable materials.

iU Alal) o) gall LA g Sl gla (8 Jala JalaS dladsinl o5

7 — 3 —5 Nitrogen Compounds : s ) LS 5

Nitrogen atom has five electrons in its outer shell. It has the propensity to form

covalent bonds which can be single bond as in the molecule of ammonia

(NHs) or triple bond as in the molecule of nitrogen (N,).

OF S Gl 5 sl Jaul 55 (5S8R Ledle (8 iy ] duseds oG 5 aill )3 (5 gt
(N2).css sl es i A LS aidE dhay o) (NH3) Wi se¥hecs o A LS 3aa) g ddayl ) () o5

The most important compounds of nitrogen are s o sl <l s wal
1 — NH;3 (Ammonia) :

It is one of the important compounds.of nitrogen and hydrogen. Ammonia
occurs in soil in the form of ammonium salts.
essisad) ZOl IS e 4 il 8 L gl s 55 aa s sned) 5 nn s il Aagall LS all s 4l

a) Preparation of Ammonia in Laboratory : D il L saY) jpmad

Gaseous ammonia can be produced in the laboratory by heating the salt of
ammonium chloride with calcium hydroxide, as in the following equation :
S ¢ snllSI Sy ne WasaY) 2 )5S mle (it Gayhe e Al B A5 L seY) L) oSa
- Al Asladl)
2NH,Cl+ Ca(OH)z — CaCl, + 2H,0 + 2NH;

The gas ammonia is lighter than air. It is, then, collected by downward

removal of air after passing it in a pole of calcium oxide to remove any

moisture with the gas, as in the figure below :

3T (gl o oy 2y Jansl () o) 56l A1) Gk e b amy Lgmaan gy o) sel) (e AT LisaY) e
s olial (S (8 ra se 58 LS ¢ W) ae sk ) (61 A1 Y 4 sadlSY)

Chotearmmed él(jiﬁﬁa/ QS
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Ammonia preparation
in laboratory

NH,Cl + Ca(OH),

the equation and figure below :

Cooling of expanded
gases

Returning
N2 and H2 gases

through the

processor

Ammonia gas is

gathered by
pushing the air
down

b) Industrial Preparation of Ammonia :

Large quantities of ammonia can be produced industrially by Haber- BOSCH
Process which involves the direct combination of nitrogen and hydrogen as in

sl (g 1 35l g e el I s e Alee (2 skaige Uelia L5aY) (e 8 508 oS L) (S

N, + 3H, ————» 2NHj3

NHz liquid

NH3 product

Ammonia production by Haber process

@([gkmﬂ/ﬂﬁﬂ/ A mraAd %é/éjé

132

Catalyst
(460-550)"C

Heating

CaO to dehumidify
Pole of CaO

olial JSAl 5 Alalaall 8 LS Gan 5 2l 5

Fan

sprial

Pressurized gases
before heating
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Physical Properties of Ammonia L 55 AL, i) ailaall

1- Ammoniais a colorless gas with a characteristic pungent smell. It is lighter
than air. £l sell (e CaaT ) 3 nae 83 Al 53 ¢l e e L saY)
2- It has strong propensity to be soluble in water. Its aqueous solution is called
"Ammonia Water" (NH,OH). If this aqueous solution is heated or exposed

to air, the solution loses ammonia gas.
el Jslaall 138 (pans 23 13" (NH4OH). Lisel) ele" (oann Sl Led sl slall & Gl bl (5 58 Jaa Lo
L sa¥) Sle a8 Jglaall (¢ o sell iy ya S
Ammonia gas in the ballon

l The high solubility of mmonia in water can be
A clearly shown by (the fountain experiment).

R RN, Ay ya3) DA (pe g swim 59 el (8 i gl (8 (ol AUAIRIALIRY) e La) S
,(sjjétd\
The device used in this experiment consists
of a Beaker half full of water with two
drops of phenolphthalein It also consists of
[ around bottom flask provided with a rubber
(3 cover with two holes. A long glass tube
ph‘lpmh‘l"" goes through one of these two holes down
to the bottom of the flask. A dropper tube

' goes through the other hole of the cover.

-ﬂ water and phenolphthalein in droper

¢ slan Caial (350 (e (sSh A il sda A andiiall leal)
i (390 e 0sSh WS Gl J il e oyl ae el
Jish ala ) gl e Gliai 4y alas clazy 3g je jadiva

Ammonia gas fountain 5 g L_Q)_u\ e Byl Jau S opandl) la gaal e

slazll 5 AY) Aal) e

The flask is filled with dry ammonia gas and then turned upside down on the
water glass. The dropper tube is used to add some water drops with the
colorless phenolphthalein. The gas reach with the water and starts to dissolve.
This process changes the presure inside the flask and the water pushes from
the glass to the flask as a fountain. The solution becomes pink- red because of

its basically (ammonia solution is act as a base).

iz A8l 5 il sl andiey el S e caie e U calin 25 Galad) Lo g 5l 3 5,1 (b

Jals larall paad dlaadl 028 Glsdll 8 Tans elad) ) S deay sl anae (allis Jsadll aa olall ol kb

L ga¥) Jsbaa) dmad G aal G5 Jlaal) a3 5808 5558 ) zla ol (e elall a3 580
(32 \aS Jany
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3- It can be liquidized at room temperature with 8-10 atm pressure. The

boiling point of liquid Ammonia is (-33.5°C) under the normal
atmospheric pressure. It vapors at high temperature and for this reason it

Is used in refrigeration and ice production.
da ) YY,00) o ALL Lo saY) (e da pn ssa dara ) oA Jariay 38 a0l 5 ) e da a8 Aldeal (Say
ZU s 2yl 8 Lgaladind o) gl s Aalle 551 a Ay die 5,800 L) salall (g sall Jaruall Can (4 i

sl
Chemical properties of ammonia : ;L 500U LSl Gl A1)

1. Ammonia molecule is chemically stable, yet it can release nitrogen and
hydrogen when you pass gas on a hot metal surface, or when passing an
electric spark through the gas.

e o e Sl die (g ynedl g cpa g Rl ($OUa) 4iay @lld aa g ¢ libiasS S L.é—"}éi%‘ S5

O el eSBol ol i die 5l ¢ Al

2. Ammonia gas is flammable in an atmosphere of oxygen, as in the

following equation :

A Alaleall 8 LS (€Y (e g (8 JlidDU Q48 L 5aY) e
4NH5; + 30, ——— 2N, + 6H,0

3. Ammonia solution turns the red litmus paper into blue.
Bases turns red litmus to blue color LBJJY\ OJm g;‘ )A;Y\ U’“"‘“"‘M e AU JH L‘-‘}“‘y\ ’J)XM'V

Test of Ammonia : LY gl

Ammonia can be detected by the following method :
A 8y Al L a1 LIS (g

When ammonia reacts with hydrogen chloride, it produces white dense vapor

which is ammonium chloride.
osisa¥) 3 )5S g 5 (i€ anl i i Leild ¢ Ca g yuel) 3 )5S e L ) Je i Leie

NH3e + HClgy —— NH4CI(Q)T

Ammonia Hydrogen Ammonium chloride
chloride

2 — Nitric acid, HNOs :

Nitric acid is the most important oxygenated acids of nitrogen
which has a molecular formula HNOs.

- HNOs 4 sl Bl L 5 cpn g yill dai 5all (alaal) aal sa ly yill (mes ol
Nitric Acid, HNOj
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Preparation of Nitric Acid in Laboratory : ol Aol il pada juma

This acid is usually prepared by heating a mixture of Potassium nitrate salt
with sulfuric acid in the glass retort,and the nitric acid vapor resulting from
the interaction is condensed in a water-cooled vessel the interaction can be

expressed in the following equation :

dasme B i Sl aals ge o sausli sl B e (e Jald i Gy sk (e Bale (meall s jumad

Aol Je il e il S ¢ oLl 3 e ele 5 b Jelill e il el il (man Jlds (iS5 ¢ dnla
s Al

KNO;3; + H,SOy ———  KHSO4 + HNO3

Glass retort [fg

il

Brown fumes
Nitric

Potassium
nitrate+
conc. sulphuric

acid

To \ -

sink V\\

Nitric acid preparation in laboratory

Industrial preparation‘of the acid : s paeall Leliall sl

The acid can be prepared artificially in commercial quantities by method of

ostwald whereby ammonia is oxidized in air, platinum acts as a catalyst.

O o s elgll (3 L sa) aul Cum ) gine gl 28l et o Lelia (meal) pacast (S
. }s;". QS

Water

Al

Waste
- gases

e Quartz
pieces

Pt.gauze
Nitric
acid

1 vol. NH;
+ 8 vol. 0z
converter

Oxidation Absorption
chamber tower

Nitric acid preparation industrial
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Properties of Nitric acid: + &l il jmala ailad

Pure acid is colorless, it has odorous fumes, ®*@"put the color of the impure
acid (or the pure acid after leaving for a period of time) is yellow ~™"*"due to
containing soluble nitrogen oxides (especially NO;). The acid is completely
dissolving in water forming a mixture of (68%) and it boils at 120.5 °C.
wsﬂ«iﬁmmgﬂ\uad\j\)&ﬂ\)puad\u}ldﬁczjkus)gid}‘Q)ﬂ\ﬁx&_ﬂ\u'a@\
slall (3 Gl (meall sl (¢ NO2 ald) Gl sl AN (o 5 3l ST e 4] gin) Cannsy yiaal (i )
Aosieda )Y 4,0 e iy (XTA) (e Uadd U Sa

7 —4 PHOSPHORUS

CHAPTER 7

Shell symbol | (Shell number | Electronnumber

K 1 2
L y/ 8
M 3 3

Electron configuration of phosphorus
Chemical Symbol: P

Atomic Number : 15

Mass Number : 31

7 — 4 — 1 Existence of Phosphorus:

This element is an essential component in living things, it is found in nerve
cells, bones and cell cytoplasm. It is not found freely in nature. Apatite ores
(apatite: impure form of calcium phosphate) are important source of this

element.
a8 Y s shall a0 sl g alael) g dpnasl) UBIAN 6 o g ¢ doall GLS) 8 ulil juaic 4 puaied) 1
il 13¢] Laga 1 5omn (p s\ SI i g (e (S35 i) ot lala yiias dagplall 84 ay
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7 — 4 — 2 Industrial Production of Phosphorous:

Explain / There is no need to prepare Phosphorous in laboratory.
ol (8 ) i i) jumaildala ellis g/ Jle

Answer / Because Phosphate ores contain high ratio of phosphorous,
therefore, these ores represent the basic source for commercial phosphorous

production with high purity.
Y] jaaall i colalaldl sd Gl llal ¢ ) g gil) e dglle A e (s giad i sill Gl 0¥ / G sl
Aglle 3580 (5 )ladll ) shu gdll #LY

Phosphorous is normally produced by heating Calcium Phosphate Cas(PO.).
with the sand (SiO,) and carbon C in an electrical oven at high temperature,
air-tight, as in the following equation:

LS O B C N5 (Si02) el Caz(PO4)2 psmallSll i g8 (pdnd (B3 ghae ile ) s o) iy
Z\JM\MJM\@LAS‘ C,Ld\eSMchLc 3‘)\‘);2\..;‘)33.'\5
Raw material of

phosphate with
sand and coal

Steam phosphorus passes
through the condenser

phosphorus

Preparation of Phosphorous in industry

2Cas(PO.)+ 6Si0»+120cO _1299°C | 6casio, +10C0 + P,

The resulting phosphorous is white, sometimes called yellow phosphorous it
Is cast in the form of cylinder bars.
Al sl Glaad JS5 (8 omy g ¢ ial) ) i il Blal camn s ¢ sl pand il ) sbuadll 0 5S5

Explain / Casting process and preservation of white phosphorous is done
underwater. elall ot pan¥) ) i il e Jalial) 5 cuall ilee / Jle

Answer / Because of the low temperature of flammability, fast integration

with oxygen, high flammability in air.
s JLaid dle AL 5 ¢ annSY) e a el JalSH 5 ¢ JLaidDU AL 3 ) s da jd (ledil Cas / Gl sal)
o) sel
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7 — 4 — 3 Properties of Phosphorous:

Phosphorous is normally white (yellowish) having a
waxy form.
(orad JSG Al (Liae) Ganl i sill ()5S Lesale

As for pure Phosphorous, it is solid colorless and
- transparent.
White phosphorus ki OJm s ) }@@_\S\ )}éu}él\ L

There are other types of it, red or black ( or purple), the

most common is white and red phosphorous.

Dt il 8 18 sl W ST ¢ (Sl sl) asul Pi‘md}i&\}siﬁm
ey s pay)

=P-\White Phosphorous is -more active than red

phosphorous under normal temperatures, “"because

atoms of these two forms of phosphorous differ in the

way that they bind. ’

Cro OAKEN e @ A Y ¢ Aaladl 5 ) jadl s jo Cant paall) she ol e Ualis ST anl) ) sho 8] iy
Lol ) 48y sl 8 alias ) ghs ol

Properties of white phosphorous ) sins i) ymiliad

Red phosphorus

1. White phosphorous glows in the dark, looking pale green when exposed to
damp air, this process-.is called chemical luminance or "glitter",
accompanied by garlic-like odor.

leall 038 canii g6 ala Ml o) ggll A et die ialll a0l jedays ¢ @SN 8 o pmy (V) ) sl

sl) Al 4pdi a5 Ay paame ¢ Molaalll" ) AilaSll 5 )

2. It burns spontaneously "automatically™ in air at room temperature due to
enough oxidation, releasing phosphorous pentoxide (P.Os), see the follow
Ing equation:

38 Guald (33U ) (535 Laa ¢ AISN 300SY) Cuans 48 5311 3 5) n A 50 die o) sed) 8 MUEL" 3K (3 yiay

Al Adaleall ki) ¢ (P2Os) st sl

Ps+ 50, —— 2P,05

Under other conditions, (limited amount of oxygen) white phosphorous

oxidizes to form phosphorous trioxide P,O3 as in the following equation:

P203  sims sill 2pusSh SN S5 i) s sl 2l (CpmnsSY) (0 82 3050 40aS) ¢ (5 Al iy pla Jha
A el b LS

P,+30, —— 2P,03
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3. White Phosphorous is a poisonous for cells of living things whereby it
penetrates into the digestive system and dissolves in the digestive juices ,
turning into a poison, unlike red phosphorous which doesn't dissolve in the
juices.

Langl) Gl jliasll 4 Gy caagdl Sleall 5y Cua dall Gl LA b sale (an) ) s gl

ilanll 8 sl Y A seal) ) shusdll e e an I Jsais
Comparison of white and red phosphorous

No. White phosphorous Red phosphorous
1 Translucent, white to yellowish color | Its external surface is red.to violet color
Sae o ) panl calid iy () el (o allasndan o]
=PProduced in the rod form and stored Produced in poggerdrm it Is not
2 under water ~"because of its activity jfl‘g\:t;dggﬁhalg?r@marx&o&dﬁgn"
oLt G plall a4 JAa g el 5 e daal) oy 4 'JJ";\:,ijM s
3 Lower density than the red Higher density than the white
el e Jif 48l Uany! (g el 4l
Soluble in some organic solvents such as
4 carbon disulfide but insoluble in water | Insoluble in organic solvents and water
iy S (S5 Jie & gamnd) lpdall (any (8 (ol sAll Q8 olaall 5 Ay guanll lydall (8 (Al L8 e
elall (& LAl LB ye 4y g S))
5 Its melting point is low Sublimates by heating
foidie A Jlgeall AR Ol Gk e bl
Its flash point is low so it burns easily Its flash point is high
It is poisonous sl sl It is not poiSONOUS Aslu s

7 —4 — 4 Some Phosplhorous Compounds:

Phosphoric Acid\(HsPOa)

A densely formed ,colorless and odorless liquid. oSl caiSasil il s o sl ase il
This acid is weak non oxidative acid. U 5e e Clunia (yaes g Gaeal) I

It reacts with bases forming phosphorous salts, such as sodium phosphate
NaszPO, which is used as preservative for some food products, meat and many
other usees.

Uaral ddadls J\}AS?&M:\(_“EM‘ NazPOg4 (:}...\.J}\A\ a8 Jia ¢ ) gdun gdll CE\AY 45 Sall 2 gall CAJQ\AJJ
S AY LAY e paall g o galll 5 A1l Clatidl)

Have major importance in manufacturing phosphate fertilizers.
Alin gl 3aanY) miat 33 S dpaal L]
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7 — 4 — 5 Industrial Uses of some Phosphorous compounds:
1 — Matchsticks:

M - Matchsticks are processed by Ammonium

‘;:\ A ) Phosphate solution (NH,4)3;PO,4. This material helps

S A \ burn the matchstick in a smokeless flame. It also
&

r\ helps keep the flame burning completely. It also
- ' ensures the stick put off when the flame goes off,
therefore, no hazard of fires when the matchstick is
thrown away. The top of the stick is covered by a

paste made of:
& QED e (3o e aladl s sl (NHg)3P Oy p s se¥) i s J s da sy L&) 3 s dallas o3
¢ Aledl) jain Ladie Laal) Jaali (e il LS Lalai Matidie caglll e Lliall 4 Selad 451 LS i Y (gl
£ sian O saras chia Lasll o (gslall o Jall 1ay GlEN 250 e e Giya Cpll Jhad o g Y ¢ il
NS

N
Matchsticks:

a. Flammable material like antimony sulfide Sb,Ss.
SbrSgcs sefi¥ Aty »€ Jie Jaiid AL 52k
b. An oxidant, like Potassium Chlorate, KCIOs.
KClO3p s sl &l 518 Jia 28 50 Jale
Friction material like glass powder. ze ) G omua Jie AIiaY) 33k
d. Glue material to bind the ingredients of the paste when the top of the
matchstick is rubbed against the side of the box which contains red
phosphorous, a sufficient heat is generated to ignite the side of the box then
this ignition transfer to.the top of the matchstick and it burns.
e s Al Buaiall s Aol dse e gslall ¢ Jall b die Ll Gl S Ly ) diaa Bala
G sins i 3o Sled ) UBY1 138 iy 5 5 saiaall ile sty RS 551 m a5 S ¢ el shossh

o

2 — Phosphate Fertilizers:

Phosphorous is an essential element in the growth of plants,
Makes » for |- . . . - .

U it plays a vital role in the life of living beings and the
AN development of the skeletal structure of animals and
humans. Therefore, it is important for plants to make use of

this element in the soil in the form of soluble compounds.
L) lalsll sl 3 G gen 1950 Gualy sed ¢ L) sai (B bl jeaic ) i il
naial) 138y 530601 AN agall (po ¢ Ayl 5 i) gl alaall JSpel) skt g
bl ALE LS je JSG A ) (A
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Since calcium phosphate (the original source of
phosphate in nature), which is a salt that is fairly
insoluble in water, therefore, it is necessary to
transform it into a salt easily soluble in water to be
used as a fertilizer.

s (Arbll 8 lin il LoV jaaall) s sdlSI cilin 8 oY 15k

) A5 55l o ol ¢ Lo s I Ll 6 sl S e e
Mo 4221 A ggasy el 8 LA i =L

Use of Fertilizers

When calcium phosphate (naturally found in rocks ) is processed with sulfuric
acid, it changes into another chemical formula known commercially as super-
phosphate fertilizer. It is soluble in water, so that the plant can make use of it,
as in the following equation:

Lapa Il sy ald ¢ el HSl) Gy (D dall (8 oanda IS5 2 5a sall) o sandlSIClEL 8 dallas oT Ladie
&S il e i i elall (b lsall QB g 5 2601 dalis sdl) saadWhanli B Ca b 5 AT diliasS
A Asled)

Ca3(P04)2 + 2H,SO0y —mM8— Ca(H2P04)2 + 2CaS0q,
This fertilizer is used to increase soil fertility. 4 5l 4 pead 5ol 3 alawd) 138 aaiiy

Other kinds of phosphate fertilizers can be prepared through the reaction of

phosphoric acid with calcium phosphate to form a fertilizer commercially

called triple super-phosphate Ca(H,PO,),.

Sl gl s 58 pa ety g o) men Jelii JBIA (g Ailins 5ill B20nY) (g 5 AT g1 jpani (K
Ca(H2POs)2p sl (336 Clds 68 50 5 (cansy (5l Slass

Explain / Fertilizer triple super-phosphate better than ordinary phosphate.
ol il i) (e Judadl il g8 g 0 Sl / Jle

Answer / Because it doesn't contain calcium sulfate.
sl iy S e 5 gia3 Y LY / Al
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CHAPTER QUESTIONS 7

Q 7.1 Complete the following statements :

1. Atomic number of nitrogen is _7_ therefore its nucleus contains _7_proton
which _7_electrons rotate around of nucleus.

2. Atomic number of phosphorus is _15 therefore its nucleus contains proton,
15 which _15_ electrons rotate around of nucleus.

3. A match's tip is coated with a paste,which consist of the following
substance.

a) Inflammable material such as antimony sulfide Sb,Ss.
b) An oxidizing material such as Potassium Chlorate, KCIOz.
¢) A material that increases the friction force such-as glass powder.

4. Nitrogen has diatomic molecule in nature. Chemical symbol of nitrogen
N,

5. NHs; is symbol of ammonia molecule. This molecule consists of 1 atom
nitrogen and three atoms hydrogen

6. What is the benefts of fertilizer of phosphate?
+ Phosphate is an essential element in the growth of plants.
% It plays a vital role in the development of the skeletal structure of

animals and humans.

+“+ Phosphate fertilizer is used to increase soil fertility.

Q7.2 Choose the correct answer :
1. Which one of the following percentage of nitrogen in earth's atmosphere ?
a) 21% b) 78% c) 50%

2. Which of the following compounds is used in preparation of nitrogen gas
in laboratory ?

a) Copper oxide
b) Calcium Chloride

¢) Ammonium Chloride and sodium nitrate in the presente of water.

Wﬁj;ﬂmﬂ/ él(fzﬂz«fa/ Qﬁé/éﬂ‘é
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3. Among those substances, where as phosphorus enters their structure a
substance directly used as phosphate fertilizer; this substance is .................

a) bones
b) natural calcium phosphate
C) super phosphate

4. Which one of the following can be a proof that shows presence of ammonia
in a solution ?

a) It turns red litmus to blue.
b) It turns blue litmus to red.
c) It turns red litmus to yellow.

5. Heat of your hand is sufficient to ignite one form of phosphorus element,
thus it should not be handle with hand when it is used in experiments for
studying the phosphorus properties. This formiis ............

a) Red phosphorus
b) White phosphorus
6. Which method is used to preparation of nitric acid in industry ?
a) Heating of Potassium nitrate salt and concentrated sulfuric acid mixtures
b) Oxidizing of ammonia by using catalyst platinum in atmospheric pressure.
c) Separation of ammonia molecule in aqueous solution dissociation.
7. When phosphorous burns in enough of air, mostly produces ..........
a) Phosphorous trioxide
b) Phosphorous pentaoxide

¢) Phosphorous nitrate

Chotearmmed élifgzﬁa/ QS
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Q7.3 Complete the following reactions equations then balance them and write

name of reactants and products :

a) 2NH,Cl + Ca(OH), B CaCly+ 2H,0 + 2NHs

b) C&3(PO4)2 + 2H,SO0y ——» Ca(H2P04)2 + 2CaS0O,
¢) 2Cas(POs); + 6Si0, + 10c0 —299°C | 6casio, + 100 + P,

Q7.4 Mark the following sentences as true (T) or false (F) after that correct
the false sentences :

a. Phosphorous element exists compound form in the nature. T

b. Highly tempretures are used in preparation of ammonia in industry. F
High pressure

c. Nitrogen has five electrons in outermost energy.level. It can be composed
single or multiple covalent bond. T

d. Compounds which are called "phosphate" are salt of common phosphoric
acid HsPO4. T

e. White phosphorus is poisonous material thus it is stored under water. F
Because its high flammability in air

f. Red phosphorus is stored in the water container bottles. F White

g. White phosphorus is more reactive than red phosphorus, where as they are
two forms for same element. T

h. The color of pure Nitric acid after a while becomes yellow after a while. T

Chotearmmed él(ffﬁa/ QY
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CHAPTER EIGHT

GROUP VIA

8 —1INTRODUCTION

Group VIA elements appear on the right side of the periodic table. They

include five elements : Oxygen (O), Sulfur (S), Selenium (Se), Tellurium (Te),

Polonium (Po). Figure illustrates the location of this group on the periodic

table.

(0) CoansSY : jualic Gt Jadi A5 55l Jsaall Ge el ilall e VA defanal jalic el

& Ae saaall 02 o g0 JSAN a3 (PO) pssislsdl s ¢ (Te) aseoskidls ¢ (Se) a5 ¢« (S) cu sl 5 ¢
s Jsasl)

18
VIITA

2 13 14 15 16 17
H | na ma va va via via| He

I | Li | Be B|c|N|[O|F|Ne

; 3 4 5 6 7 8 9 10 1 12 | |15 16, I
Na|Mg|ms s vB vis viB,<«—viis—» 3 18 | Al [ Si | P [ § | Cl | Ar

24

K [CalSc|Ti| V| ce|Mn| Fe| Co| Ni| Cul Zn| Ga| Ge| As| SB Br| kr

10 i 42 13 “ 45 16 | 48 " 50 51 ) 53 54

Rb| S| Y | Zr| Nb| Mo| Tc| Ru| Rh| Pd| Ag| Cd| In| sn| sb| Te| 1 | Xe

: "Cs| Ba La| Hf Ta w Re| Os| Ir i’t Au Hg “iTl Pb| Bi -“Po At ‘“Rn

104 105 10¢ 107 108 109

%1 | Fr| Ra| Ac| Rf| Db| Sg| Bh| Hs| Mt| Uun| Uuu| Uub

8 — 2 GENERAL.PROPERTIES OF GROUP VIA

bl de genall dalad) Lailiaall

Elements of this group are characterized by gradual increase in their atomic
numbers ,whereby oxygen and sulfur are considered as nonmetal while
selenium and tellurium have non-metalic properties, as for polonium, it has
pure metal properties. All elements of the group VIA has six electrons in the
outer shell which make them "hunt" two electrons from other elements in

order to have a stable electron configuration similar to that of noble elements.
I e g S S iy s ¢ 400 Waolae 8 daa 5l 30l 1L e ganall 038 jualic i
alie gaen (5 siad A dpiana (ailiad 4pld o 5 gl sall Lal ¢ Aiana e Gl 53 o0y sbill 5 o gatalanall iy Laig

ALl ealiall g oS3l Al e (5 S (3585 e J geanl) al
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0
Tellurim Cesium Sulfur
8 -3 SULFUR
_——
/, /00\‘\\\\
T ea b % _
(’5 &) ( 16P* \ 0 6 Symbol of shell (Sht?" number (n) Number of electron Chemlcal SymbOI: S
"\ )9 /’? Atomic number : 16
L i i Mass number 32
\ \0;/ / K 1 2 )
! f [F 2 8
Electron configuration of sulfur M 3 6
atom
8 — 3 —1 Occurrence of Sulfur : RCTRS P

Sulfur is found in nature in Mosul city, Mishraqg region, Northern Iraqg. It is
found in the form of compounds such as hydrogen sulfide, H,S, and sulfur

dioxide, SO, which evaporate with other volcanic gases
AV RSl ol 3l g LA Al SO ¢ Sl a5 ¢ HoS ¢ s el

ST RTRTEN:

8 — 3 — 2 Preparation of Sulfur :
BT S\ FRIYPEN TR

Sulfur can be prepared.in laboratory by adding concentrated hydrochloric acid
to sodium thiosulfate, Na,S,03 (at -10°C). Sulfur precipitates and collected

through filtration according to the following reaction equation :
¢ popdgeall S 8T DS all )5S s pael) Gans Alz] Gk e LRl (B G pSI jumad (S
Al Je Ll Aalaal e 5 mads il IS (o pan s o Sl oy (R 530 da 2 )+ - 2ie) NapS203

2HCI + NaS; 03 — 3 S l+ SOZT"' 2NaCl + H,0O

a — Preparation of\sulfur in laboratory :

Concentrated Sodium -10°C Sulfur  Sulfur Sodium  Water
hydrochloric acid  thiosulfate dioxide  chloride
Wﬁmﬂmﬁd ALz, %é/éjé
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b — Extraction of Sulfur : + 5l adlaid

Sulfur is extracted by using Frasch Process. (i@ dulae alasinly cu Sl 21 Al o

This process is done by three overlapping tubes pivotally centered :

1. Pressurized and superheated to 170 ° C water vapor is pushed into the outer
tube (A) to where sulfur converges, this pressure melts sulfur underground.

¢ sl sl G (A) N G e da 3 1Y e ) Gl 5 da saal) elall g ada o3 )
coaY! cand iy I Ay ) a3 oo

2. Pressurized air from tube B lifts up molten sulfur through tube C, the
middle tube.
o W) s ¢ C s e geaiall Cuy S Bl sV e o sl o) sgll 1y, ¥

3. Sulfur comes out to the surface from tube C mixed with some air bubbles.
) sel) el ann 5 Jaall C sl e ghandl )y Sl 3y ¥

¢ On the surface, molten sulfur is cast.in large basins and left to cool
down and solidify.
iy g 2l o SRS al al (A jeeaiall Cu Sl cusd ¢ mhaudl e

¢ Much of the sulfur produced by using this process is 99.5% - 99.9%

pure, therefore in needs no further re-purification.
Al (e 3 3e ) pling Y GG 799,82 799,0 Loy & Dlaall 038 alasiuly seiiall ¢y S alana
r+—Hot

compressed
air

Molten sulphur
and water mixture
~+—Super heated waler
Ground (under pressure)
level —% mms T y y

Sulphur
deposits

Molten sulphur

Frasch process for the extraction of sulphur
(or mining of sulphur).
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8 — 3 — 3 General Properties of Sulfur : Dy Sl Al ailiasll
1 — Physical Properties : 2 30 5l Gailadl)

‘ a. Itisyellow solid substance ¢l e dalia 3ol
3 b. Tasteless, with distinctive odor. s jwedail jalc sk y

. —3 c. Insoluble in water, yet dissolves in some inorganic
solvents like carbon disulfide, CS,. If carbon
disulfide is evaporated, sulfur with 8 atoms (Sg)
deposits gradually in the form of crystals.

a1 CSp. ¢ 0sSl A S (A6 Jie 4 puandl e Cludall (lamy 4 sy 4 el (8 JhgdllE e
b IS e Ty )3 a3 (Sg) @3 A e (s simg ) Cay Sl b ¢ g S 2 o€ S5 i

d. Non-conductor of electricity. el ¢S Joa g

e. Has various forms in nature with variant physical properties.
Adlide 2 58 ala e Al & Adliae JIST )

Sulfur has two main allotropes : ot Jealil) e e g e ) (g ging

" 1. Crystalline sulfur: sk S

Rhombic sulfur is.the most common type it is a yellow

crystal , It'is the most stable form of sulfur. It is found as

cyclic Sg molecule . &%/ There is another type of crystal

Rhonibic sulfur sulfur, called the prismatic, ~™"¢"/ because its crystals
look like prism.

S Sl JET ST a5 ¢ el sias s s s 1e i KV g sl s Jmall )

¢ GBI Sl e AT g s ellia Sp. (550 s saS Ade sl 15 il

ossiiall auim ) gl (Y ¢ ) siall

Non-crystalline sulfur : sl e 2y Sl

like rubber or plastic sulfur. It is called amorphous sulfur.
stiiall e sl ale llay @il i Jalaall <y <) Jia

It can be prepared by heating sulfur to 1500 ° C and

pouring the liquid sulfur into cold water, whereby spiral

chains are formed.

Cu Sl Cuay &g dapa Vo ) o Sl (pdid sk e 0 gpand (S
A sl Jedls JS5 2t G ¢ ol slall o JiLud)

Wﬁj;ﬂ/ﬂﬁd él(féﬂﬁd QS.h
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It is less stable than crystal sulfur, it turns to crystal sulfur
'\ gradually. Sulfur has the formulas; Sg and Sg . ="/ The
b /j' first form is more active than the latter """/ due to the high

tension of the rhombic ring.
gl 4l sl U 535 g ol € ) D g ¢ g bl S (g G J8 )

Three-dimensional s} “ . . oerl Rl . 4Fd s set 1k .
of the §, molecule Aol Y 501 ey Y (5o ULt ST 031 IS0 S5 5Sg
2 — Chemical Properties of Sulfur : a5 SU AL al A1)

Sulfur is not reactive under normal temperatures, but when heated it gets

active and reacts chemically, As follows :
r AU sl e ¢ Bl Je il 5 Uadi praay 4 die (Sl ¢ dgalall 51 jall cila o con Jeliy ¥ <y <)

a- Reaction with non-metals: Sulfur burns easily in air producing blue flame,
reacts with oxygen gas and releases a huge amount heat and sulfur dioxide
as in the following reaction :

a8 (llays panSY) Sle qa Jeliyy 5 el g o) sl 8 Al s Bl (3 iy 1 SO pa Jelail

D AU Je il 6 LS g Sl Sl 5550 al) e s S
S+0, —2— 50,

Sulfur reacts with carbon to produce carbon disulfide, CS;

CSae U508 2ty S AU 7Y (50 S e Sy Sl Je iy

25+C L» CS;
b- Reaction with metals: Sulfur reacts with metals like iron, copper and zinc
to produce metal sulfides :
s Oolaall Dl S A LEThEBB g sl g sl Jla Galea ge Sy Sl Jeldly 1 alaal) e Jelal)
S+Fe —2» FeS
Iron (11) sulfide
Exercise 8 —1
write Sulfur reaction eqution with copper and Zinc.
35 sl e g S Je i Alslae ()
c. Reaction with concentrated and oxidized acids:
s S el 53 38 el (mleal) aa Jelil
Sulfur is not affected by dilute acids while it is oxidized with concentrated

acids such as hot sulfuric acid, producing non-metallic oxides.
8 3l iy s QAL el ) (mala Jie s S el Galaa Yl 20l Loty Adidall Galeadl Sl i Y
A  Ahaee
S + 2H,S0, —— 350, + 2H,0
Concentrated and hot

Wﬁgfﬂmﬁﬂ/ él(fgfﬁﬁa/ Qﬁé/éﬁ‘é
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With hot concentrated nitric acid, it produces non-metal oxides of NO; :
: NO2 e Asivna e 2l iy ¢ GAL S jall ey 3l (el e
S+ 6HNO; —» H,S0,+ 6NO, + 2H,0

8 — 3 — 4 Uses of Sulfur: Sl el adin

Sulfur has many uses in industrial and agricultural fields, it is used in
Lead a2 Cum Ao ) )5 Ao Luall Vsl 8 e claladinl ¢y 5Kl

1. matchsticks and black gunpowder arnd fireworks because of high
flammability. Al JLaS Lhalild Cannan 4 U0 ) o 2501 5 Ul S o) s

2. Itis used in agriculture to balance earth alkaline as well as a fertilizer.
BaansY) GlIAS 5 m ;Y1 A 58 G ) i) Baaabe il 8 4aladin S,
3. ltisused to produce sulfuric acid, paints. clilaall g elis j&ll s LY aaladin) i

4. Itis used mining metals and oil refinery, films, drug industry.
A5 delia s 22N 5 dadil) il s Goanil) alae dsladiad ol

8 — 3 -5 Some Sulfur Compounds : F Sl S e
a- Sulfur Dioxide (SOy) : £ (SOp) Cu Sl 2wl i
Preparation of SO in laboratory . GV PP ILPE [RINES i L gTe e

Sulfur dioxide is prepared at laboratory by adding dilute sulfuric acid to
sodium sulfite, Na,SOsz . ®®@"/ [t can be collected by pumping air out from
above A"/ because it is heavier than air. As in the following equation :
Cpmpall St S Y il i Sl aes Aila) ook g iRl (b Sl ST G st o
Al Aabedlh, A LS el sl (0 J8) LY Jed (g o) sedl i (33 b e Leas (S Na2SO3

H,S0, +NasSOs » SO,1+ Na,S0O, + H,0

Dilute
acid

Sodium
sulphite
or
bisulphite

Sulphur
dioxide

Concentrated

Preparation of sulfur dioxide in laboratory

Wﬁj;ﬂ/ﬂﬁd él(g)/ﬂﬁﬂ’ (jﬁé/éjé
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Properties of SO : SO, Caa Sl 1Sl ailad

1. Sulfur dioxide is a colorless gas with a strong characteristic smell.
3 pee B dadly 53 Oslll e Sle ey Sl asl G

2. Itis heavier than air. 56l e JE
3. It does not dissolve much in water producing a weak solution of sulfurous
acid : sl Sl adla (e Caimia Jglae dde i Lae elall B 158S 0 Y

SO, + HHO — H,S0;
Sulfurous acid

4. The color of the blue litmus paper is turned to red .
oead) Ol ) GuoY) uaiilialed3 ) o) Jsah

Preparation of SO, industrially : Lo lacu sl 2sl U juaas

Large quantities of sulfur dioxide can be industrially produced by the
combustion of sulfur in air. The molten sulfur<is pumped in special
combustion towers. The resultant gas contains some impurities which need to
be removed :
o sl fa by ol sell (B I B ia) 8k e Gelia @i Sl asT Al (e 8 S S L) (S
il ) i) Gl s Glang (e ALY 5Ll (g sing Al 3l yial 2l 8 peaidl
A

S+0) ——» SO,
Uses of sulfur dioxide : FENGES RO g LR IREC

1. sulfur dioxide is commercially used in decolorizing the delicate organic
substances such as paper, straw, artificial silk and wool.
eebuall yalhy il 5 (5Bl die duluall 4 sand) o gall sl Al 3) U jlad Sl s 6 aadiy
2. This gas can also be used for sterilizing purposes by the process of
combustion some quantities inside the places that need to be sterilized.
Lt ol Sl S LA s il any (31 yiad dglee JMA (e agiaill (ol e Lyl Sl 138 aladil (Say

3. It is, in addition, used as a preservative agent in food industries.
Al e liall 8 Aadla JabeS axiion 4l ¢« el ) ZiLayl

¢ Sulfur can burn spontaneously in air at (400°C) with the existence of
oxygen. This gas is bad for health and it is also the main cause of acid

rains.
pgdaally juae 138 sV o ga 5 ae (Rusteda o €0 0) die ¢l sl 3 AL Cy <l (3 iag o Sy
Apaaall el el Gl al

Chotearmmed 21(5&{775&/ QS
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b — Hydrogen Sulfide (H»S) : (H2S) crmsomel iy »S

Hydrogen sulfide is a colorless gas with a characteristic foul odor of rotten
eggs. Aldl) (anll 3 jae dgy S dadl ) Al O slll e Sl (g el Ay S

¢ Hydrogen sulfide occurs in nature as a result from the bacterial

breakdown of the organic matters.
A gamal) 3 gall (oS Jlaill A gl 3 e g el iy S Chany

¢ Hydrogen sulfide is present in underground water that contains sulfur
as in the mineral water wells in Hammam Al-Aleel in Nineveh Province
north of Iraq .
plen & Agiamall olall LI 8 Jlall 58 LS iy Sl o (g it ) 4 sad) olall G s sagdl 2y S 2al 53
) Jledio s Aadlaay (ulal)

+ It can produce hydrogen sulfide from the biological activity of some
Kinds of bacteria. LSl gl sl pandoa sl gl WL (a5 el it S iy o) (S
¢ Hydrogen sulfide also occurs in almost all the natural and petroleum
gases. G5 Al 5 il o Jlall s dmlall ol Jall e & Wil Cm g el ity S aa

¢ Natural gas contains 28% of hydrogen sulfide .
el A5 58S Ga ZYA e kel Sl g ging

Preparation of H,S :

Gas hydrogen sulfide gas can be produced in laboratories using the same
device used to produce SO,. The device is based on the reaction of the diluted
acids such as sulfuric acid with metal sulfides such as iron (I1) sulfide as in

the following equation :

iay oy Sl 2| U WY aadiuall Hleadl (el aladiuly <l jidall 8 s g ynedl Ay S e Z ) oSay

8 LS (1) sl Sy Ui el lagiy S ae @ity <l aala Jie ddidall aleal) delds e leal)
A alad)

FeS + H:S0, —— > H,ST +  Feso,
Iron (11) sulfide  Sulfuric acid Hydrogen sulfide  Iron (1) sulfate

Test of hydrogen sulfide gas :

Passing hydrogen sulfide gas through in the solutions of metal ions like copper
(11) sulfate results in a black precipitate of copper (11) sulfide according to the
following equation :

On gl i ) (1) ol iy 5 Jie gabaall Sligd il (3 s oued) Al S Sle el (503
Al Aalaall G 5 (11) el 2y 5<
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H,S + CuSO; ——» H,SO, + CuSy
Hydrogen sulfide Copper (1) sulfate Sulfuricacid  Copper (1) sulfide

Hydr}pgcn
‘Suhﬁde

¢ — Sulfuric Acid (H2SO.)

Sulfuric acid is a colorless oily liquid with -high density and has no
characteristic smell when it is pure. It is a highly corrosive strong acid. It is
soluble in water at all concentrations and.its solutions have high electrical
conductivity.
Wl (o B aes ad) L8 (4 5S Ladie B jrae Aty Al Gl g dalle A8UESTGY (6l aune ) Jila el Sl mes

Alle Aal 568 lia so Led Aliaa s 3 i) e lall 3 Gl g3l QS ST

- Industrial Manufacturing.of Sulfuric Acid  «la <) jaesl peliall gl

Sulfuric acid can be industrially manufactured by contact process which
simply involves the reaction between sulfur and oxygen to produce sulfur
dioxide :
S 5 a5y e il Al Gyt ) Guadlill dulee (3 5k (e e Liva @ity 5 KU (mala aiost (S
V205 1 Sl s G Ly
S+0p ——» SO,

Sulfur dioxide is pumped into chamber which contains catalyst to obtain
sulfur trioxide.
S ) STl e J paall jiag ulcgjmu.d\ﬂ)ﬂ\ssw)&\ms‘@b@a&u

2SO0, + 0O, —— 2S0;
Sulfur dioxide sulfur trioxide

After that sulfur trioxide is dissolved in water. sl 8 o Sl 2 G5 gy @lid ey

SO3; + H,O ——— H,S0O,
Sulfuric acid

Chotearmmed él(;;ﬂﬁg’ QS
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Molten

Catalyst

C hanb&\

H,5,0;+H,0 —2H,504
T 93-100% acid

Contact Chamber

Sulfuric acid

@m@cw\‘;u}mm\ﬂco‘ﬁ&jj

Sulfuric acid with a high density of (1.84 g/cm?®)
Bwlain/ and cautions must be taken when reducing its
concentration. A"/ because it dissolves in water at
all concentrations generating high temperature,
Bolain/ Sylfuric acid is usually used as a drying agent
Answer I hecause of its high ability to absorb water
from the organic compounds. This can be shown
when we put a spoonful sugar in a bowel full of
concentrated sulfuric acid. We see that a black
carbonic substance results from the reaction in the

bowel as in the following equation :
il vie sl A g s (Tan / aa ), AE) Adle A0S, ol 5K yadla

&L@Lﬂ\ﬁ)ﬁ%q:é;ﬂdahsgﬂ;ﬁ:\)ﬂ\U'AA\A(‘;JSLHMBJ\LJc@b'&)\);%)dﬂjﬁg\&\)’:\s)ﬂ\
Sl el Sl Srmany Lo glaal & S dale i Lavie @lld el oSy A gaanll LS Sl (g el i

A Alaleall 3 LeS oY) Jeli (e i ¢l g A g S B0le o) (5 50

Concentrated H»>SOg4

C12H2,011 » 12C + 11H,0
Sugar cane Carbon  Water
Wﬁmﬂ/ﬂﬁd Az, (jﬁé/%jé
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2 — Uses of Sulfuric Acid Ay 5 €l aela cilalaiiol

Every year, large quantities of sulfuric acid are being produced more than any

other chemical substances. The acid is used for many purposes:

ol e Y paeall aading s AT Aias 3 ge (5T e ST iy =11 Gimala (g 5 S CilaeS ) o ¢ ole IS 8
Blac

1. =7 It is used in the production of other acids such as nitric and

hydrochloric acids ™/ because of its high boiling point.
Adble A o el o ol IS 5yl 5 oy yial) Galanl Jie 5 AV (mleal) # ) 8 aslasinl oy

2. B/t is used as a drying agent especially with the gases which do not
react with it A"/ because of its high ability to react with water.

Addition of sulfuric acid into beaker which contains sugar cane

3. Itis used to refine crude oil and remove impurities.
il ) A1 3) g alA) Jadill S dladiind S5y

4. It is used in the production of explosives like nitroglycerin nitrates and

cellulose nitrates. Jsbabaall <l 55 g g punlas 5yl ) 535 Je ol ndial) ) 8 Awladind S5

5. It is used as a cleaning agent to remove rust from the iron tools before

being painted with zinc.  <lislb Leias J sasdl el sl (e Taall 1) 5Y Caulasi JalaS aadiog

6. B®-LIt iswidely used in the production of batteries (lead storage batteries)

and also in the electrical coating A" / because of its high electrical
conductivity.

ey (el U B Ul 5 (abeasll 0385 @bty bl 2l auly Gt o padiy

Allal) A0 sl dplia ol

7. It is used in the production of chemical fertilizers such as ammonium

sulfates and phosphate fertilizers.
Ailies i) 5aanY) 5 o s 5a¥) il € Jie 4y slasSl) BaansY) 2 A axdiiuy

Wﬁj;ﬂ/ﬂﬁd él(fgﬂﬁd QS.h
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8~ 4 SULFATES S

Sulfates are sulfuric acid salts which are derived from the reaction of sulfuric
acid with the metals or with their oxides, hydroxides or carbonates. The result
of such a reaction is the formation of metal sulfate salts as in the case of metal
of zinc, zinc oxide, zinc hydroxide and zinc carbonates as in the equations

below.

LeilamS 5 3 sl aaulST ae ol cpalaall ae @iy S s Je i (e A el S (aela 7 Dal o iy 1<)

2 5 )2 5 b N 2 5 el 311 Gama Al 8 LS alaall iy € = Slal (585 o8 Jeliill 138 das Leili sy S
bl i alrall 8 LS el ) @il S 5 <l 3

Zn0O + H,SO; ———» ZnS0O4 + H,0O

Zn(OH); + H,SO4 — ZnS0O4 + 2H,0

ZnCO; + H,S0; ——— ZnSO, + CO T+ H,0

8 — 4 — 1 Test of Sulfate lon (SO4)™ (SO4)2 i Sl ool Lsia)

Sulfate ions can be identified in their aqueous solutions by adding the solution

which contains barium ions such as barium chloride. The result is a white

precipitate of barium sulfate :

a5l Sl sl e s sing Al U slaal) ddlazal 3y 5l e Ailall Lelilae 8 oy oSl gl e il (S
o s IS S e (a8 Aaiiill 5 o g ) ) oK (S

BaCl, +. S0;2 + BaSO,v+ 2CI
Barium chloride  Sulfate ion Barium sulfate Chloride ion
White precipitate

Wﬁgfﬂmﬁﬂ/ 21(5&6/775&/ Qﬁé/éﬁ‘é
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|56

CHAPTER QUESTIONS 8

Q1) Physical properties of VIA group elements are arranged from oxygen to
polonium. Write the properties.
oaibadll ) o g g ol ) GamnSY) (e VIA de sana jualiad 45l 3l (ailadll (s 5 45

Elements of this group are characterized by gradual increase in their atomic
numbers, oxygen and sulfur are considered as nonmetal while selenium and
tellurium have non-metalic properties, polonium, it has pure metal properties.
ety <l SO e g 5801 5 aansSY) ey 5 ¢ 3 )30 Laalae ] 8 Ay 50l 30L 31 A sanall o2 pualic el
A Aaee galbad Al o gl aall ¢ Afara e al B3 a g oLl gl srilil) el
All elements of the group VIA has six electrons in the outer shell which make
them "hunt" two electrons from other elements
e s A8 Mallaa Lelang Lo (o JAl DU (8 i i) A e VIA fesanall jalic gan (5 st
6 AY) palial)

Q2) Write the common electron configuration of VIA group elements.

All elements of the group VIA has six electrons in the outer shell which make

them "hunt" two electrons from other elements in order to have a stable

electron configuration similar to that of noble elements.

o O Y Mallanai Lgdean Laa oo lall CaBlallig il gyl 4 e VIA e sene alic puen (5 giad
ALl Guliall 0 S5 Al e 05 S (2685 e Jpamnll dal (e s AN aaliall

Q3) Choose the correct answer ;:  isssall LY il

1- Sulfur.element occurs, in nature, in the form of :
1SS e daplall 8 2y Sl jeale Gy
a) Only Free
b) Only combined
¢) Free and combined

2- Some elements such as sulfur, phosphorous and carbon, occur in their solid
states indifferent forms; they are characterized by these forms each other
in some physical properties, these forms are called:

JSEY) oda pati Al gt gea A Alall Ll (B o Sy st sill 5y SN Bl pealiall (any 20 8

PSSV 038 iy ¢ Ay Sl (ailiadll amy (A (any gy

a) Allotropes of element b) Elements shape
c¢) Elements forms d) Elements types
Wﬁgfﬂmﬁﬂ/ AL, Qﬁé/éﬁ‘é
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3- One of the following free solid molecules contains eight atoms, that

________________ s Al e il 5 ) daliall cily all aal g siag

a) White phosphorus
b) lodine

c) Sulfur

d) Carbon

Q4) What happens when hydrogen sulfide gas is passed in zinc sulfate, lead
acetate, copper sulfate solutions, explain these using equations.

Gl S Jillasay ¢ pabia )l @i s ¢ il @l S A a5 pned) am S e il lavie diaay 13l
Y alall 1320 S 55 ¢ sl

H,S + nSO0p —— ZnSl + H,SO,4

Hydrogen sulfide Zinc sulfate Zinc sulfide Sulfuric acid
HS + (CHsCOO),Pb —— PbS| + 2CH;COOH
Hydrogen sulfide Lead acetate Lead sulfide Acetic acid

HS + CuSOy —— CuS| + HzSO;
Hydrogen sulfide Copper sulfate  Copper sulfide Sulfuric acid

Q5) The underground deposit of sulfur is extracted in the Mishraq fields,

according to Frasch process which three concentric pipes extended to different

deep. Answer the following questions according to figure 8-3 .

Sl Basie Gl 23005 il ) 5 58 Ailead 1885 ¢ Gl piall Jsia 8 A8 gl iy Sl sl 5 ) Al
¥oA JEl G g Al Ay e caal Adina Slee )

a) What is the role of the pipe (B) in this process?
ilanll 028 b () sVl 550 8 La(l

Passes the pressurized air from tube ( B). (<) @Y G o siad) o) sl) e

b) Which material passes through the inside pipe (A)?
(1) I sl e e il salall & L (@@

Pressurized and superheated to 170°C water vapor is pushed into the outer
tube (A).

Chotearmmed él(féﬁﬁ&/ QS
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¢) Explain how you could get water 170°C while it boils at 100°C.
Agsieda ) e e o landdeda W eldl o Jpeanl) Sy a8 # )i (7

It can be obtained by increasing pressure. Lxall 300 ) Gk e Ll Jsanll (Ka

Q6) If you have a mixture of very fine table salt, chalk and sulfur, describe an

experimental method to separate these materials in dry and pure form.
(8 ) sall 038 il gy )25 4y yha (a2 88 ¢y Sl 5 Sl 5 s pe Ll aladall mle (g0 aglas clial (IS 13
ARy Aila b ) gea
1- We add water to the mixture, so the table salt dissolves and the chalk and
sulfur precipitate, then the sediment is separated by filtering, then the filter

IS evaporated to get the table salt.

oA A il o )l Juad Sy o35Sl 5 adlall o s 5 aladall mle i ) £V e lall Capai -
Al gl e Jeanll i)

2- Sulfur insoluble in water, yet dissolves in some inarganic solvents like
carbon disulfide, CS,. If carbon disulfide is evaporated, sulfur with 8 atoms
(Ss) deposits gradually in the form of crystals.

CSz2 08 2ty S (AU Jie Ay emal) 2 Slodall (mny (8 st Sy olal) (A QLA B e Sl Y

sy IS e Ly )35 s 53 (Sg) I3 A e (osim eS8l Gl ¢ 5 SU iy € (0 a2 1))

3 -Filter the chalk and leave to dry.
el g bl sy Y

Q7) Write the reaction of sulfur with metal and non-metal.
sanall e s amall pa iy ySl) Je s i)

S + FeL»FeS

Sulfur  Iron(ll) Iron sulfide

S + 0, —» SO,
Sulfur Oxygengas Sulfur dioxide

Q8) Explain the preparation of Sulfuric Acid with industrial method.
Ageluall 48 Hlally el Sl Gadls juaai 46 )l -~ 50

Sulfuric acid can be industrially manufactured by contact process which
simply involves the reaction between sulfur and oxygen to produce sulfur
dioxide :
CrpnnSY) 5y S (e il) Aalisyy (i A DUl dplee (3 5k e U L iy HSH (s il (S
V205 (USRS g Lk
S+0p ——» SO,

Chotearmmed él(g)égzﬁa/ QS
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Sulfur dioxide is pumped into chamber which contains catalyst to obtain
sulfur trioxide.
Sl 208 I e J peanll e o (g 5iad A AR (B S 3T G oy

2802 + 02 E— 2803
Sulfur dioxide sulfur trioxide

After that sulfur trioxide is dissolved in water.
SOA P JUNE TV JUR L FUPRURE IR

SO3 + H, O ———» H,S0O,

Sulfuric acid
Q9) Complete the following reaction: Sl Je i) Jusi
FeS + H,S0, — » H,s T + [MFeso,
Iron (11) sulfide  Sulfuric acid Hydrogen sulfide-. Iron (1) sulfate
SO; + H,O ———» H,S0O;
Sulfuric acid
BaCl, + SO;? » BaSO, |+ 2CI
Barium chloride  Sulfate ion Barium sulfate Chloride ion

White precipitate
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& CHAPTER 9

CHAPTER NINE
GROUP VII&

9—-1INTRODUCTION

Elements of 7A group are fluorine (F), chlorine (CI), bromine (Br), iodine (1),

astatine (At). Elements of this group are called as halogens.

alie: andi (AL). G815 ¢ (1) 255 ¢ (Br) psodlls ¢ (Cl) oAU s ¢ (F) sl o 7A deans jslic
s el e sanall o3a

Explain / Elements of 7A group are not be freely in nature but combined with
other elements. AT palic ga daate LSl Ltaiilay 3 ya Eld 7A Ao sanall yualic

Answer / Because elements of 7A group are highly active
alldai 7A de gane yalic Y

Elements of this grouphaving extremely non-metallic properties. They have

similar physical and chemical properties with a gradual shift in these

properties.

208 J5ad ae Al AiliaS 5 Al 58 (ol 8 agial Alall daes je (alliad Ll de sandll o2 jualic
oailadll o2 b

18
1A VIIIA

' 2 B3 14 15 16 17 |
H | na ma IvA va via via| He

Li | Be Blc|N|o]|ElNe

: 3 4 5 6 7 8 9 w0 n 12| S LA R L
Na|Mg| s v vB vip viB,«—vis—s, 13 18 | Al| Si| P | S | CI| Ar

K | Ca Sc Ti| V ICr Mn| "Fe Co Ni JCu Zn lGa 'Ge .As Se .'Br 'l.Kr

)2 ) H 45 1 7 18 19 M | 2 ¥

"Rb| S| Y | Ze| Nb| Mo| Tc| Ru| Rn| Pd| Ag| cd| In| sn| Sb| Te| 1] Xe

3 O > 2 ) i 75 h 7 78 7 B0 81 8 1 85 36
Cs| Ba| La| Hf| Ta| W| Re| Os| Ir| Pt | Au| Hg| Tl | Pb| Bi | Po| At| Rn

89 104 10 106 | 107 108

Fr| Ra| Ac| Rf| Db Sg| Bh| Hs ‘Mt | Uun| Gun| Uub

60

Ce| Pr| Nd| Pm| sm| Eu| Gd| Tb| Dy| Hol| Er | Tm| Yb| Lu

94 101 02 103

“Th| Pa| U | Np| Pu| Am| Cm| Bk| Cf| Es | Fm| Md No| Lr

Location of group VIIA elements

Chotearmmed él(g{ﬁﬁa/ QS
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9 — 2 GENERAL PROPERTIES OF GROUP VIIA (HALOGENS)

1. All elements of this group has seven electrons
in the outer shell and tend to gain one electron
during reactions to fill its outer shell. Electron
gaining differs gradually from Fluorine to
lodine.

GOl b iy ) dae e de senall 038 yualic auen (5 gind

Lidle el cllelall ol aaly o5 5 Gl ) Jaady ol

Pl A (e B )3 (5 SSIY) ClusS) Gilias | A

2. Halogens are found in normal temperatures in
various physical forms, fluorine F, and
chlorine Cl, are gases, as for bromine Br; is a
liquid, iodine I, is a solid.

¢ Adlide 4 58 JWAl Aalall 5l padl Eila o & i sllgl) 2a

¢ Jlu 58 Bry asodh el ¢ @l leTae ke Clp sl Fp skl
ML.A 3l |2 .Jj...d\}

Halogens

LT e

5 et . 3. "/ Halogen s are colorful substances A"’/
: — because they absorb some of the visible rays.
‘. yo 4 Al 2 ans (i L 23k 3 50 8 i Sl
ne N ‘

romine. “toding 4. Boiling and melting points for halogens

increase with the increase in atomic number.
oA 2aal) 32l Glina sl Hleaail g lle Jalas ala 33

2

Chlorine is gas.
Bromine is liquid.
[odine is solid.

9 -3 CHLORINE

It was first introduced in the nineteenth century by the well known scientist

Scheele, from the reaction between manganese (IV) oxide, MnO, with

concentrated hydrochloric acid.

(1IV) Dnriall 30T G Jeliil) (e « Scheele <israll allall J8 (g e quldl) a0 85 50 Y daai o
Soall ) 5lS 5 el (aea 2 MNO2 ¢
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0
/A \ Chemical symbol: Cl
£ s v ) Shell symbol Shell number Electron Number . y '

/ / L \ Atomic number :17
’ 74 ) 99 Mass number  : 35
@\ By /9 ? K 1 2
\ /

R Yot J 2 8
\ O.‘:( /_/

o M 3 7

Electron configuration
of chlorine atom

Electron configuration shows that chlorine atom tends to gain one electron to
fill the outer shell (third shell).
(S Gl o lall Gl el aa) 5 oY ST ) daad IS0 83 0 s8I G 5SS s

Explain / chlorine atom is monovalent and its oxidation number is (-1) in
compounds. LS ) A ()-) Wanslial ) 5 silsill a0 5 )3

Answer / Because it tends to gain one electron to fill the outer shell and to

form a negative chlorine ion (CI").
(C) Al 8 ool U8y agladheadall s Jad a5 ¢ 5 S0 Qlui€) ) Jaey Y

9 — 3 — 1 Existence of Chlorine:

B¢ Chlorine is not found freely in nature A"/ due to high chemical reactivity

and readily interaction with other elements to form many of the chlorine

compounds.

aal) (5 5SE (LAY) pualial) e g el J i) 5 Mal) el Jeléill sy daglall 340 pas 5slSH 2a Y
SN LS e e

Sodium chloride NaCl (table salt) is the most common chlorine compound
found in nature. axglall 353 g sall 1o uds SIS LS 5o SST g8 (pladall xla) o gu guaall 51

It is found in sea water and saline sediments underground.
oY) i Aallall il gl 5 sl sl aa s

Nt o

Crstal network of sodium chloride

Chotearmmed él(ggﬂﬁa/ QS
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9 — 3 — 2 Preparation of Chlorine:

A — Laboratory Preparation:

Chlorine is prepared in laboratory by oxidizing concentrated hydrochloric
acid with manganese (1V) dioxide as shown in the following equation:
38 LS (V) Dpsial) Sl 0 e 38 all el ) 51S 5 sl (mas 30081 (83 5l o sidall (& IS0 st oy
A Aslaal) b e 5
A
4HCI + MnO; ——— MnCl, + 2H,0 + Cl,}

The resulting gas is refined from HCI and water by passing it through bottles
containing water and sulfuric acid consecutively. It is observed that
manganese (V) dioxide does not act as a catalyst but it is consumed after the
reaction as an oxidizing element.

paen g slall e g it Clala ) e o ook 0o elall g ol SIS 5 3l paes e gl Al S5
S5 painS Jo liil) oy cllgiug 43815 jiaeS Jaxy ¥ (1V) piniall aus] i ol laa ) il e el ,S0)

thistle funnel
round bottom | «— delivery tube
L flask

removal o removal ot
HClI water

Preparation of chlorine gas in laboratory
B — Industrial'Preparation of Chlorine Gas:

Chlorine is prepared industrially through electrolysis of sodium chloride in
water or molten sodium chloride in the electrolytic cell.
& oeaiall o s peall 3y 5 IS 5 oLl 8 o sad seall gy ST 3L 5 SH Jlatll DS (g L lia IS jpmntay

(heSI Jilaill Als
electric current
2NaCl » 2Na + Cl,
Negative pole Positive pole
O foammed meed QS oh
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Na <= 4 |_-Molten NaCl
-

Molten Sodium

_ lron
(Cathode pole
=

f Graphite
Anode pole

Electrolysis device for preparation of chlorine gas from molten NaCl in
industry.

9 — 3 — 3 Properties of Chlorine Gas:

1. It has greenish yellow color. i sl (gl

j 2. Chlorine gas is collected by pushing air upward. This
indicates that chlorine gas is heavier than air.

: e il 0 e Gl M 1an jady eV o el @ sk e sl e pen

o) sell

i 3. tis less soluble in water under normal temperature.

Chlorine gas Agaladl 3 ) jall da o cand elall 8 ()l 52l 200 B

4. It has suffocating odor, it attacks mucous membranes of the nose, throat

and when inhaled in‘large quantities, it causes death.
Bl N 3ty BOK il 48LATL) die 5 ¢ B jaiall g U Ahlaall e V) anley sed ¢ AR Aad) 4l

5. It reacts with highly active metals like heated sodium forming Sodium

Chloride, an ionic compound.
(5 S e 5 ¢ as seall 3y 5 I U S GALL & g gaaall Jia lall Adadil) Galaall e Jeléy

INa+Cl, — 2B, 2NaCl

Chotearmmed él(ggﬂﬁg’ QY
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6. Chlorine gas reacts strongly with non-metals like phosphorous, forming

phosphorous chlorides which are covalent compounds:
FApaalod S ja (g ) g sil) il SIS U e st sdll Jia cpalaall pue pasi I Sle Jeld

2P + 3Cl, — 2PCl;
Phosphorus trichloride

2P + 5Cl, —— » 2PCl;
Phosphorus pentachloride

7. Chlorine gas reacts with hydrogen to form hydrogen chloride, as in the

following equation:
Al Alaaall 3 LaS (g sl ) oIS (0 oS3 G 5 el SIS e e las,

H,+Cl, ——» 2HCI
Hydrogen chloride gas

9 — 3 -4 Uses of Chlorine gas:

1. Used to sterilize drinking water and swimming pools.

Aalual Gilabes 5 i) o\.}.qaﬁaﬂeqiﬂua

2. Chlorine compounds are used in the preparation of some medical drugs.

Akl 4y 50 oy jama b sISH LS e addig

3. Chlorine gas is used in the combination of many industrial organic solvents

like chloroform,  CHCI; methyl dichloride, CH,CIl, and carbon
tetrachloride CCl,.

el 258 U5 ) 58 ) INJAG Ao lial) 4 sianl) Clodall o dall (40 i ye (2 OSSN Sl aadiny

CClg 058 2,518 &l 55 CH2Cl2 s CHC3

. Chlorine is used in bleaching and colors. Chlorine reacts with water when

dissolve slowly under normal temperatures and reacts quickly in sunlight.
It reacts with water to produce oxygen in its atomic state; this is why it is
called atomic oxygen. A highly active substance which removes vegetable
colors (bleach them), killing germ and sterilize. As shown in the following
equation:

(oA SV et a5 13 ¢ A A0 dilla 8 CpanusSY) 2 LY el pe Jelily | ) ¢ suin ae e s

A Aslaal) 8 ea ge 58 LS alai g il o) J8 ¢ (Lgacans) 4l O Y Ja 3 Adladl) e 30l

H,O + Cl, —— 2HCI + [O]
Hydrogen Oxygen in atomic form
chloride solution
Cloammed Nioned QS o/
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5. Chlorine is used to bleach the colors of clothes, especially cotton clothes.
But, ®* it should not be used to bleach natural silk and wool, A"/ because

it damages them.
bl s al) (ma g et o oty W (S Al GaSlal) dali 5 Gl ol gl et B 5ISH aasi

Explain / The colors fade away when put a colorful flower or a plant leave in

a bottle of dry chlorine gas.
Gilall I Sl e dalay b i il sl Asles a5 any vie ol ) 8D

Answer / Due the ability of chlorine to bleach colors of plants.

Calcium hypochlorite Ca(OCI), is one of chlorine compounds which is the
active substance for the bleaching powder used for bleaching and purification.

anll b andiad) Gl (3 s Alledll kel g8 5 ) oI LS 0 aaf A Ca(OCT) psanall ) 1S 518
dqanll

9 -4 HYDROGEN CHLORIDE GAS (HCI)

Hydrogen chloride gas is not found freely in nature. But, it is found in gastric

juice as a hydrochloric acid solution which helps digestion of proteins.

el sl 5 Huell men JslaaS Banall juacugd o s saadfly daplall 84 ja (g ynedl 2 H6lS e g Y
G gyl auaa e ae by (g3

9 — 4 — 1 Preparation of Hydrogen Chloride Gas in Laboratory:

HCI gas can be prepared in the laboratory by the reaction of concentrated
sulfuric acid (H»,SO.) with sodium chloride (NaCl) as in the following
equation:

o5 sl 3 S R (Mp804) Sl iyl (s Jelis 35k oo sl b HCI e jeaad oSay
sl Adalaal) < WS (NaCl)

NaCl + H,SO; A, 7NnaHso, + Hcit
Sodium concentrated Sodium Hydrogen
chloride sulfuric acid bicarbonate  chloride gas
Wﬁgfﬂmﬁﬂ/ AL, Qﬁé/éﬁ‘é
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round bottom
flask | «—— delivery tube

piece of carton
NaCl /

solution of HCI
gas in water

HCl gas Hydrochloric
acid

Apparatus to produce hydrogen chloride gas in the‘laboratory

e An appropriate amount of approximately (10 mg) of pure sodium chloride
Is put in a glass flask.
) B0 (B A a0 pall i) dIS e (pae ) v) ol Llile LS i

e The cover of the flask has two tubes, one goes down to the bottom of the
flask and the other goes to a glass bottle.
Lala ) A ) cady JAY gy s 8 Jisl ) 35 Laaaal € ol e 35 ) slae (5 ging

e Concentrated sulfuric acid is put in the glass bottle and the connecting tube
goes down the acid. Another connecting tube connects the glass bottle with
a dry gas collecting bottle.
Loy JAT Jia st il pmea) a5l sl 2 oaas dalay dala ) (A S el ety S Gadls sy
Cila e meaidala sl
e Concentrated sulfuric acid is added to the flask through the tube as to cover
the salt. el Alanil o i) A a8 58N ) 38 el iy =1 mes iy
e Heating the flask slowly causes a reaction that releases hydrogen chloride
gas. Several gas bottles are collected and then sealed with glass covers in
order for the properties of the gas to be studied.

Ol Glala ) e el s o O s ouel 2508 Ole @) ) o deld ) edan 8 )5 ) (i (35
Sl Gailad 4l 53 dal e dala ) el Leaid
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9 — 4 — 2 Properties of Hydrogen Chloride:

1. Itis acolorless gas of suffocating odor. Amla daal ) 0 slll aae e )
2. Itis heavier than air and can be collected by removing air upward.
e el A1) Gaob (e dmen Sy o) sel) (e JE 43

3. The aqueous solution of hydrogen chloride is acidic in etffect and it is
called "Hydrochloric Acid". It changes the blue color of litmus paper into
red.

G e GOV sl g el 8IS 5 Hael) aea a0 il A e (a5 el ) ST L) J sladl)

el 0l (I Gl sle

4. ltis highly soluble in water. Alle dagamelall 8 oL 30 JJ3

For this property to be attested, the following experimentiis made:
A\_ﬂu‘ M)Aﬂ\ &) yal ?33’ ¢ m\;j\ oda d.umﬂ

e A gas bottle is sealed with a rubber cover with two holes, a dropper full of
water goes through one of the holes and a glass tube goes through the other
hole to the bottom of the gas bottle.

a0 sl ey oiatll aa) e e elally Ale 3RS ¢ gpfiniiy allae slaiy Slall dala ) e &

Sl Aals )y dawl () gAY Al e

e The outer end of the tube is put a water-full bowel with little orange
methylene. A&l Galisall e Qi) e eladly ¢ slan ele 5 8 oD o Jlad) o lall pa g oy
o ¥/ By squeezing the dropper, the water gushes into the bottle through the
bottom-reaching glass tube as a red fountain A"’ because of the gas

dissolution in the water of the dropper.

5 AUS g Al ) Baa (2 alB B s JA (e dala 3l ) sl 380 ¢ 5 Uil e Jaal) 35k (e
3 otadll ela (A Slall Jolad) s o) yes
s © 1 NIS disturbs the pressure inside the
Felisewe " gas bottle which is a clear indication
i B of the high solubility of gas in water

as shown in the figure below:
sa Ol dals ) Jahs bl Glhaal ) 13 g
LS slall (& Hlall dallall L) ALE e mual g e

\ 1 / :cUJi(M:'\kséaa'A}Aﬁ
ﬁ \ Preparation of HCI fountain
y in the laboratory

Wﬁgfﬂmﬁﬂ/ 21(59/775&/ Qﬁé/éﬁ‘é

A piece of wet cotton
located on the stopper

dry HCI gas ol
in the balloon H
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5. Hydrochloric acid reacts with iron fillings to form iron (I1) chloride and
release hydrogen gas according to the following equation:

slaall B85 Comsouell Sle Gllars (1) wasll )5S o oS aaal) <l pia e el 515 el (e Jelily
Al

Fe + 2HCI — + FeCl, + H,]
Iron Hydrochloric Iron (I11) Hydrogen
Acid chloride gas

6. Itis nonflammable and does not instigate combustion.
B iy V5 S B e

9 — 4 — 3 Test of hydrogen chloride gas:

A glass tube is put in the solution of ammonia. Then taken out and put again

close to a bottle of hydrogen chloride gas. A white foggy substance of

ammonium chloride forms as a result of the direct union of hydrogen chloride

gas with ammonia solution:

2048 Sl Al e QAL AL 8 se daags 4n AT 8 Lased) Jilae (B ala) sl s o

Jslae oo o s pased) 20518 Sl jilaall Aas¥) Al o o immilipbiaglS'cra elian dbania Baba (0S50 Cim 9 s
T ga )

NH; + HCIT = NH,CI
Ammonia Hydrogen Ammonium chloride
chloride gas  (White foggy substance)

This reaction is considered to be one of the examination
means of hydrogen chloride gas. Similarly, the same
means can be used to examine ammonia gas.
plattid (Say ¢ Jiallis cpm 5 onell 2518 Sle Gand Jilug asl Jelidl) 13 ey
L ga¥) e (andl Jilus gl (i
It is worth mentioning here that dissolving hydrogen
chloride gas in water produces a solution called
"Hydrochloric acid" (HCI) which can be test by adding
4 silver nitrate, AgNOs. A white precipitate of silver
~Testof — chioride, AgCl, results from the reaction as will be shown
hydrogen chloride gas. | ]
in the test of chlorides
(HCI) ") 5iS 5 hnell paea (conny Jslaa & sl 3 o g el 2 ) 6IS Jle A3 of ) L s LAY e
LS deldll e« AGCI ¢ il 3y ) IS (e ianl ol ) &5 AGN O3 dsadll <l i ddlaly o jlA (S (53
Gl SIS ) (8 mia se 5o
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9 -5 CHLORIDES

Chlorides are salts of hydrochloric acid. They are formed when a metal or root

such as ammonium replaces the hydrogen in the acid as in the equations

below:

&b O ouell Jae asisa¥) Jie 3 ) Gane Jag Ledie JSEE ol ) 5IS 5 sl Gaes 30l oo il 51
alial ¥ aleall 8 LS (aaall

Mg + 2HC| — MgClz + H,
Magnesium  Hydrochloric  Magnesium Hydrogen

acid chloride
NH,OH + HCI —— NHCl, + __H.0
Ammonium  Hydrochloric Ammonium Water
hydroxide acid chloride

It is also possible to obtain chlorides from the direct reaction of gas chlorine
with metals as in sodium chloride (NaCl) and potassium chloride (KCI). All
chlorides are soluble in water except for silver chloride (AgCl) and mercury
(11) chloride (HgCl,). Lead (I1) chloride (PbCl,) is soluble only in hot water.
It does not dissolve in cold water.

258 3 Jal) g LS Galaall e I8N Sl ElgElE (e iy )5S e J geanl) Wyl ¢Sadl (10

Y oAbl el i b3l Ji (1) (PBClo) osball 25 (1) (HGCl2) G5 2,58 5 (ACI)
R [PAPN [P SUPAY
9 —5—1 Test of Chlorides:
The insolubility of silver chloride, AgCl, in water is a very useful ways of
testing chlorides. The process involves adding silver nitrate (AgNOs) to its
solutions such as sodium chloride solution and hydrogen chloride solution.
dlen) (et ol I LAY R 50k 55k o cld) 3 (AQCT ¢ Aacadll 3y )51 53 A6 axe )
O 53l )5S Jislae s 0 500 gl 2518 J slae Jie Leldlae ) (AGNO3) Al il s ddla)
A white precipitate of insoluble silver chloride is formed in the ammonia
solution as in the equations below:

il ¥ alaall 3 LS L ga¥) Jslaa 8 ()l sAll QA pae dcadll ay 61 (e land ) ()5S
AgNO; + NaCl — AgCl{ + NaNO;
Silver Nitrate Sodium Silver chloride Sodium Nitrate
chloride (White precipitate)

AgNO; + HCl —» AgCIl+ HNO;
Silver Nitrate Hydrochloric ~ Silver chloride Nitric acid

acid (White precipitate)
Wﬁgfﬂmﬁﬂ/ AL, Qﬁé/éﬁ‘é
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Chapter Questions 9

1) How many electrons are there in VIIA group elements on the outermost
energy level?

All elements of this group has seven electrons in the outer shell

2) Do VIIA group elements gain or lose electrons to make their outer shell
full?

All elements of this group tend to gain one electron during reactions to fill
its outer shell.

3) What the most important reactions of chlorine gas?
1. It reacts with highly active metals like heated sodium forming Sodium
Chloride, an ionic compound.

A
2Na+Cl, ——» 2NacCl

2. Chlorine gas reacts strongly with non-metals like phosphorous, forming
phosphorous chlorides which are covalent compounds:

2P+3Cl, ——» 2PCl;
Phosphorus trichloride

2P +5Cl, —» 2PCls
Phosphorus pentachloride

3. Chlorine gas reacts with hydrogen to form hydrogen chloride, as in the
following equation:

H, + Cl, —— 2HCI
Hydrogen chloride gas

4) Choesethe correct answer:
1. Which compound is important for human life and found abundantly in
the nature?

a) Calcium Chloride b) Sodium Chloride
c) Potassium Chloride d) Magnesium Chloride
Wﬁj;ﬂmﬂﬂ’ AL, Qﬁé/éﬂ‘é
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2. Which color difers chlorine gas from other gases?

a) Red b) green
c) Yellow d) greenish yellow
3. When chlorine atom combines with sodium atom, how many electrons
are gained?
a)l b) 2
c)3 d) 4
4. Which one of following gas is used to bleach herbal colors?
a) Hydrogen b) Ammonia
c) Nitrogen d) Chlorine

5) Complete the following reactions:

MnO; + 4HCI —2» MnCl, + 2H,0 + Cl, 1

electric current

2NaCI(|) » 2Na + Cl,
Negative pole Positive pole
Fe + 2HCI  —— FeCl, + H,
Iron Hydrochloric Iron (I1) Hydrogen
Acid chloride gas

Mg + 2HC| —— MgC|2 + H,
Magnesium . Hydrochloric  Magnesium Hydrogen
acid chloride

H, + Cl, » 2HCI
Hydrogen chloride gas
NH,OH + HCI —— NHCI, + H,O

Ammonium  Hydrochloric Ammonium Water
hydroxide acid chloride
Wﬁj;ﬂ/ﬂﬂﬂ’ AL, Qﬁé/éﬁ‘é
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6) Explain the reasons of the following.
1.

Chlorine gas has mono valent as NaCl.

Because it tends to gain one electron to fill the outer shell and to form a
negative chlorine ion (CI").

Chlorine gas bleaches herbal textile product only in water.

Because chlorine gas reacts with water to produce oxygen in its atomic
state a highly active substance which removes vegetable colors.

H.O+Cl, — 2HCI + [O]
Hydrogen Oxygen in atomic form
chloride solution

When concentrated hydrogen chloride is -approached to a bottle of
ammonia solution, a foggy substance is formed.

A white foggy substance of ammonium chloride forms as a result of the
direct union of hydrogen chloride gas with ammonia solution

NH; + Hcll—— % NHCI
Ammonia Hydrogen Ammonium chloride
chloridegas  (White foggy substance)

Chlorine is not found freely in nature.

Chlorine is not found freely in nature due to high chemical reactivity
and readily interaction with other elements to form many of the chlorine
compounds.

7) Which methods are-used to determine the following substances?
a) Hydrochloric acid

Hydrochloric acid which can be test by adding silver nitrate (AgNQO3) to
be a white precipitate of silver chloride (AgCl).

AgNO; + HCI ———— AgCl |+ HNO;
Silver Nitrate Hydrochloric ~ Silver chloride Nitric acid

acid (White precipitate)
Wﬁj;ﬂmﬂﬂ’ e Q05 D
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b) Hydrogen chloride gas

A white foggy substance of ammonium chloride forms as a result of the
direct union of hydrogen chloride gas with ammonia solution:

NH; + HCIT — NH,CI
Ammonia Hydrogen Ammonium chloride
chloride gas  (White foggy substance)

8) What are chlorides? Write down necessary reactions to obtain magnesium
chloride and ammonium chloride.

Chlorides are salts of hydrochloric acid. They are formed when a metal
or root such as ammonium replaces the hydrogen in the acid.

Mg + 2HCl —— MqgCl, + H,
Magnesium  Hydrochloric  Magnesium Hydrogen

acid chloride
NH,OH + HCI —— NHCIl;, + H)0
Ammonium Hydrochloric Ammonium Water
hydroxide acid chloride

9) Write important usages of chlorine gas.

1. Used to sterilize drinking water and swimming pools.

2. Chlorine compounds are used in the preparation of some medical drugs.

3. Chlorine gas is used in the combination of many industrial organic
solvents like chloroform, CHCI; methyl dichloride, CH,Cl, and carbon
tetrachloride CCl..

4. Chlorine is.used in bleaching and colors.

5. Chlorine is used to bleach the colors of clothes, especially cotton
clothes.

Chotearmmed 51(7&;75'&/ QY
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10) Explain the preparation of chlorine gas in laboratory by writing
chemical equation and drawing its figure.

Chlorine is prepared in laboratory by oxidizing concentrated hydrochloric
acid with manganese (1V) dioxide as shown in the following equation:

4HCI + MnO; —— MnCl, + 2H,0 + Cl,}

The resulting gas is refined from HCI and water by passing it through bottles
containing water and sulfuric acid consecutively. It is observed that
manganese (1V) dioxide does not act as a catalyst but it is consumed after the
reaction as an oxidizing element.

thistle funnel

round bottom

<— delivery tube
flask

removal of
HCI water

Preparation of chlorine gas in laboratory
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