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Jia dalg B P 1]
Q/What is the word "Atom" called in Latin?
il gal) (s Al LB 58
Answer: It means indivisible.

ok s Jseh
Q/ Explaln the Evolution of the concept of the Atomic Structure.
Y] J

According to:

Gsh Tlsal

A- Dalton’s Model:

Aie gy OR Qs [

At the beginning of the 19th century, Dalton perceived

3, e pldDU LB s GIS pux
18 The atom as a hard, mdrvrsrble sphere
s liay LXCO (e @i

y. Each element has a specific krnd of atoms.

ol @l Al 7 b ) Aasuy
3.  These atoms are connected through simple

Glles Jd %A Aagi ja LB

methods to form combined atoms.

Hard sphere model

Ggmagh (e

B- Thomson’s Model:

Qg aie 19 QA Oguagd Spherical cloud

By the end of the 19th Century, Thomson ., of positive charge

Lo A Jsal d @l yd

gave another perceptiomnrofithesatom.

Electron
EARNI] S5l sl [LAPNVEN i

1- atoms consist of smaller particles having

PRI il g sty
negative charge called (electrons)

5 A L) Lgada SIS pr A
2- The atom is a positively charged sphere on which

PRI 4 gadial) il g yist ddale Jd Jalas J dad

negatively charged electrons attached to balance the charge.
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58,8, gisal
C- Rutherford Model:

& Jisl sl s = J _
In the early 20th Century, and after the BRI

cadas) G5

discovery of the proton

883, B ——
Rutherford mtroduced his perception that:

(+254) Ll Gsadiall o) d g
. (A positively charged particle, the mass of

Osa "’A > = G Nucleus Electron
proton is greater than that of the electron).
Gl g8 g sall B Maabse Alee B BiSY) 5 Al
. protons are situated in atiny area at the center of the atom
=S B 6dll o G5l e ang 3l
called the nucleus which contains most of the mass of the atom
&l g sty gLy dea 3 6dll S O alina
.- The electrons circle around the nucleus. Therefore, most of the
FECN 3_A A KX Ay @l g i<y
volume of the atom/is avoid, the number of negative electrons
9 dss B) gl Jilay A gall Al
rotates around the nucleus balance the positive charge of
g g pll
protons.
ola il g sty 9 Je 8 g3l o Adlida Gl &
. These electrons rotate around the nucleus in various orbits with
PR Gildla ) 31 gl [P BEN I B P |
varying distances from the nucleus, as is the case of planets
29 Jdsa eadd)
rotating around the sun.

(KPS IRYY zisadl Y Sssl axdl) Tigad
Q\ Why is Rutherford model called the planetary astral model.
N ola el gy 94 Jea 51 g3l & Adlid. @yl
Because these electrons rotate around the nucleus in various orbits
& PH 0N il o 31 53 LS A dall B sl
with varying distances from the nucleus as is the case of planets
ST dss Guadd)
rotating around the sun.
Mob: 07711841751 — 077 35 35 35 32




Mahmood Ali AL-Najm 5 Chapter One
Baghdad College high School : Atomic Structure For Matters

ual.ll.n

Q/ Deflne the following:

Qgig ) (+250) Ll Gsadia . PR S o
1- Proton: a positively charged particle, its mass is greater than
o Gy
that of the electron.
S ss) aadl Tioad A 88,3, Tlsa g R<hy) 295
2- planetary astralmodel: is Rutherford Model (electrons rotate
dsa 316l & aatis, & lda & 45 glita cilblica oA
around the nucleus inwvarious orbits with varying distances from

3153 s s da A iy ST Jdsa el
thenucleus as is the case of planets rotating around the sun)

Ju\ Al g.\SJSM ‘aa.\l\ CJJ.u

Q/ Explain the problem of planetary astral model.

388,80, gisa
Rutherford's model.
13) ) g asly) iS5 it
If negative electrons are static
148 Ay b ola i g asty) [y cad o Jairaall
No.1 Assumption: these electrons will be drawn to (magnetized) the
5 gill & daga PR
nucleus with the positive charge.
1 clgAsy) ol ey eSS A L i
% If electrons must be in constant motion.
Qi cassi b A jatall A FERRA Ay A @l dnialy
No.2 Assumptlon° Given that moving electric charge which is under gravitational
548 JAl PEA KT U\uuu,&u\mgé PERAT daddl g
force releases energy, so there must be loss in the energy of the moving electron
G g Al BN Wsa I ol A
which would eventually slow down its motion. This slowing down electron
< g & ady Jes ,_,3 Ayl isja 9 Al hiug 8 31 o) T
would move around in a circular motion and finally falls into the nucleus. In both
Criuda 480 3M O gl
assumptions, the atom must collapse.
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25 Tisa
Bohr's Model:

L R allat) ey C Sk o
Q\ What is the scientist Bohr propose in (1913)?

il g sty o Jde 31 i) ‘_,3 s 43U
Electrons rotate around the nucleus in fixed energy
Gl gha Js FES Cfwa  dliag e
levels . Each energy level has a dlstlnctlve number
hay P R -} 138 aalf Y (o )

describing its energy. This humber is called principal

LR~

A<
quantum number (n).

il g sty Jaiy u“ FERA <Gl glesa
Q/ How do electrons travel within energy levels?

O9ss Lay Jaay G FEIA] Gl gl DA (e clads)

An electron may travel within energy levels through gaining or

u\m rEIN

losing energy.

é\ saal g ) Aliay e DA (& Fisa
Which one of the followings has high energy level?

Ja¥ 43U & Shasa P a3 & Siuna Gl FEIA & Ssa

A-First Energy Level B-Second Energy Level  C-Third energy level
-y i A asl) KX
Q/ Define the principal quantum number.

i I asl) e : e hay i ) PERA] GHma B
Principal quantum number number is describing primary energy level in

3 e el
The atom. With the symbol (n).
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Jilal s Zisal Adey e i godagd) 3d

Q\ Why did Bohr’s Model base on hydrogen atom?

LC_N Jacy) ‘5)4 GusS A L@—'\J (. giad dalg Ol g
Because it is the simplest atomic structure, because it contains one proton
s Wl A
and one electron.

Jalal gl 34 Loy gR S
Q\ Why is hydrogen atom the simplest atomic structure

e ggial g U850 5wy O
Because it contains one proton and one electron.

e
Q/ Define

Lyaal) P 4y L) 4, iy

1- Modern atomic theory (quantum theory)
)

2- Orbital

dyaad) 4N 4kl OAY ey By b (s slad
* Mogfrn atomic theory: the electron might exist in a partlcular space

8 silly U S RO R K Sl o) Jd g
surrounding the nucleus and not in specific dimensions as stated by

Bohr.
Jaal) QS dag b Bty ot gL
* Orbital: the electron cloud surrounding the nucleus, This atomic

) iy dani, Jedi 5 alaal
orbltal has different shapes and sizes.

‘\.u.u.\.a‘)l\ Sl il PLIN| Al

Q/ Llst the major hypotheses of the modern theory.

e

AN Cranal B dklaa - il g sty ) is giia
1. The atoms consist of a nucleus surrounded by electrons with varying
Gl gha A8l
levels of energy.

il g sty BrL Jdes 3) o) e Adlwa < Al ol g
2. Electrons rotate around the nucleus on a distance in energy levels.
815 o K A T «ligisn 3
3. The nucleus at the center of atom and consists of the protons and
<l g i il
neutrons.
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L A A g ity Al

Q\ What is the electron cloud?

VIR dagl) R 8% LN slad dss 3 5dl) iy
Electron cloud: It s a special space surrounding the nucleus in which the
alig asly) 4 SUEIN iy Aalisa J K] @lAA\
electrons spin, and it has different shapes and sizes.

e 430 Al Jasy)
Q / Define the secondary quantum numbers.
XA asl) KX KX PRERIW J8 o slalall o
Secondary Quantum number: A number used by scientists, which
dal LaJ g clia Ui Y S M T ol <l g i<ty &

describe fairly all features of the orbital as well as those the electrons in
XYY <L oY)
these orbital. )
)} Jsa Lia i ) & Sl U ) asl)

Q/ Draw a table showing the main level symbol and the quantum
e "l a3 A3Ual
number showing the increase of energy.

Table 1-1

principal
K L quantum number

value of n
1 2 4 5

>
Energy ingreasing

L A ealaad) 4aua) 13) dad s
Q/ what is the most energy if the value of n = 1, or the value of

Jalal

n=7, and why?

s iagg 4 Adlwa Oy A
The higher the value of (n), the further the distance of the electron
31 gall 9 Lld ajLity dliag s PEA
from the nucleus and consequently having more energy.
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alal e cligadyl b Qs < Jg) R <l g Aty
Q\ Why should electrons in n = 7 be the easiest to lose of electrons

‘5,3
inn=1.

g ol clygiuall ) Bl e iy hy RS (6 Fia
The nearest of these levels to the nucleus is n =1 has the lowest energy level
Laiy &R ) ra 5) i) s & Kol 2a 3 gl
while n =7 is the farthest from the nucleus and less attached to the nucleus,
Sy b Sedl o O JI
therefore, it is easy to be removed (given away).

~
I

eeeeeee i

=

4 6s

00 s5p
—OPee@ ad
— 5s

e 4p
—eee® 34
— 4s
—m3p

—» 35

—e® 2p

- 2s

- 1s

Increasing energy

Ladis dad Al 43Ual) 6 Shusa (XS

When value of n increases the energy level increases
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oM O s N Bl cgiws R TR ey
Q/ Compare between the main energy level k and the main energy level Q.

primary energy level primary energy level

The value of the quantum no. = 1 The value of the quantum no. =7
dad sl Al dad 2SN aad)

-

Far from the nucleus
Sy (a 5} ol

Less Energy More energy
g A il Al
Electrons !“ this level are Electrons in this level are less
ul-u)"s'w‘ oda I aujm‘ ga s LSJM‘ Jé‘
more correlated tot ﬁ“nucleus e b N e e [
s i ja e 31 o) Ll ) & 31,531

Closer to the nucleus
g { W 51.53)

Q\Fill in the blanks:

i ) el ol gia i iy gl FEDA il gha
1. Primary energy levels(K ,L M ,N,. ) have secondary energy levels
ol G ghaal) uhm ga Glathas Jad K) A
(s, p.d. and f). These levels differ in terms of shape and number of
uLUJ.tSN\

electrons.
Jlaad) liay $IS Jed

2. Orbital (s) has a spherical shape.
Pl & Shual) Aligy ENG & laa K] J8 Jlda s e

3. The second level (p) it has three orbitals and each orbital consists of
Sl Cpdidaia Ol ic jsa ‘;ﬁ &l A3 gae <lalad)

two equivalent sides distributed in three vertical directions (Pz, Py,

Px).
g gal) <l gheall dig i) ) et Qg

4. The secondary levels (d, f ), they have more complicated interstitial
Jeay)
forms.
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oY) - i) Jei PR & Sheall &) lta
Q / lllustrate by drawing, forms of secondary level Orbitals Sand P

px orbital p, orbital pz orbital _
% ¥ = s orbital

Q\Fill in the blanks:

i ) & Saal) oS gy ki g il & Sua
1. The primary level K contains only one secondary level S type

il gl dlliag ) Csil O Sa 3
2. The primary level L has two secondary levels, P and S.

guu.ul\ & Shmual) dliay &M de b ol gl
3. The primary level M has three sub-levels of d, P and S.

g.u.\.ul\ & Sl G5 day)i  de pobigius (w X

4. The primary level N contains four sub-levels of typef, d, P and S.

s e ——
ug):ej‘ B f‘d‘pc's dj‘):rﬂ Qﬁb‘
ssladl  sharp  cUllszl JoNI

diffuse s i principal

il fundamental 5 5,2l
Loball S8 Jie clSI siag
Loy A bl GLLYL il

sl oYLl
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s ki s ¢ $a TR V| Y @) u-““-‘J 6 Sha
Q/How can you write the secondary level from any major level in
‘\.UAJ M.U’a & ‘\.\;‘.lS ALy
a symbolic way with sufficient examples?

i:s sl il ghadl)

is) dad e i (5 gl Jeia LA g
1-Write n value from the primary level, for example, the third primary
S guall
levelorM
i) S0l Ol sl ssimall (e
2 - Write the character assigned to the secondary level right to the

5 E

value of n, for example:
da PR 8 Fusall GllEl) i ) (5 glnall oA
The first secondary level (S) of the third main level is: ((3S))
Jlia s LA SHE (sl Iy &Il u.u.u‘;l\ 6 $iall
Example 1: write the third secondary level d from the fourth primary level
i) G i g sl 5 oES) digal) A day

Sol: Write the fourth primary level ((n= 4)) and write a letter d after it (4 d)

Jla S| ki R | PR Cra ki g.umj\ 6 Siall
Example 2: write the second secondary level p from the second primary level
"5 e Jall
Direct Solution: 2p

Jlia S| &I (5,3&\ 6 Susall ouadd) i) (5 glenall
Example 3: Type the fourth secondary level of the fifth main level

Jad aaldl) gu.uj\ Sl Sy
Solution: The flfth main level meansn=5

& G gl s < Sol: 5f )

The fourth secondary level is f
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A e i) d call e i) PEIA]]
Q\ What is the number of orbltal of the first and the third primary energy
Siaall
I‘sevel?
e Jlaal) do¥ ARl 5 gt (5 gl
* Number of orbital of first energy level equal 1

el uﬁ\M & Susa Jagd dal g LSJ"L' 43 & Shasa
Because: in this level only one secondary energy level (s)

e Sl Gulllil) Bl sstwa gl
** number of orbital of third energy level equal 9
el ‘,ﬁ (KT SR A Gl R ki FEIA]] & Sia
Because: in this level three secondary energy level (s, p,d)

Q\ Fill in the blanks:

sl s giall dlie aaly ™
Secondary levels, has 1 Orbital.

é,..'l.m 8 Fiuall Allay &M@l

Secondary level p has 3 Orbitals. B gb sty gty ) Juadal
Gl s siall el oF EIAY sa aal¥) sty ) Jaial
Secondary leveld has 5 Orbitals.

‘53.1'&\ (6 $all i aw  @ljlta
Secondary level f has 7 Orbitals
u-‘ﬁ\’\ aalf iy Jasd S <l g sty
The maximum capacity of the orbltal onIy two electrons.
Jlaall Ay ‘!,A & Sha LsJ.tu‘ P iy &
Orbital symbol in the level of secondary energy by drawing |square
‘53.1\.\5\ (8 Fiusall 58 slaa u-b\ Aas bl g sty
The secondary level s is filled with a maximum of 2 electrons.
dyL\S\ & Fiusall 5 slaa u.‘ﬁi aas <l g sty
The secondary level p is filled with a maximum of 6 electrons.
GyL\S\ & Siall 3¢ glaa u-‘ﬁ\ das <l g sty
The secondary level d is filled with a maximum of 10 electrons.
dyu\ (8 Fiuuall 55 slaa u.b\ das bl g st
10. The secondary level f is filled with a maximum of 14 electrons.

W © N o U A~ Dd e
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Spin of electron

ST Qs A Jdes 35
A) Turn of electron around of nucleus.

ST bl peldl) el gl
B) Turn the same orbital and own axis of electron

[y e.u)a ul.UJ.\SN‘ Crand aa) gl Jlaall
Q/How do you draw electrons within the single orbit?

pon sl G ie e
1. spin clock wise
s Aeld) i
2. Anti-clock wise
N E9Rr Qs ndea
3. Orbital double electron (saturated)

Atomic Structure For Matters

Solution:
7 B s 3

iy delud) qiie
1. spin clock wise. Head from top
ol Jiu

ST s dsludl c.:j.ic
2. spin anti-clock wise. Head down
,, , d

Jhug) geie Qe Axudia :
3. Orbital double electron (saturated). 11 In reverse

ol ST

g A 4 N
-ml |
— ——

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

4 Notes

e gl A 8 il GSswa oA gIh e
1 - The number of Orbitals in each secondary level is an odd number 1-3-5-7.

e clgasty) Al PV 5 oA 9 e
2. The number of electrons that saturate ,and is an even number 2-6-10-14.

N
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KN il g sty Yy AU Ladaal AY A Sl
Why\ the electrons don’t repel each other in same orbital.
Js NP ST dss Audi B Audi gl Las po dss
Each electron spins around itself at the same time as it spins around
3 gdll
the nucleus.

e A a2
Q/ Define Electronic Configuration:
s il pladl) e il g sty KEUR Jdea
Electron Configuration: The order in which the electrons take around the
8 6dll ‘,A A Js sale  dliy ol (oAl i )3
nucleus in the atom and each element has a special electronic arrangement.

e Skdgl 2 s A A
Q/ Define : Aufbau Principles of Electron Configuration.
Js ag g3 FEBA]] il ghsa 4iliaa i g sl —ImaEd,
(All secondary energy levels are filled with electrons according to their
PRI il o Jidl A e
energy sequence from bottom to top)

Number of electrons in secondry

energy level(s)

'd '
level 3
0B v B
level 4 ¢ ¥ ¥
e not occupied by any
Q % % L %40 @4! ground-state electrons
i ¢ J/
|
S @ % 50 %w @5/ 59
o e W
l 5
evel 6 O 6s % 6p %6" 6f 69 6h
- 4 g ¥
e Q?s 8 o 1d o 19
v v

pacld

Q / Define : Hund srule.

Ay G Al aeliaa JS Jiad & gSal
Hund's rule: No two electrons are doubly occupied in the subshell
e LWl g e JSdy gL

(secondary level) unless its orbitals are singly filled
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Example 1-1:

is) s A i A A s (g gl
Write the electronic configuration for the following subshells?

p’, d*, £, p*, d',f, p°

11 « [AMAMANA
1M o' [
11111] [T
1]

Exercise 1-4

s P g Al S Al 5 snal
Write the electronic configuration for the following subshell:
2 46 43 .5
p°,d’, d%p

d® 111111
] d [1]111

s s A i Al alial
Write the electronic configuration for the following elements:

4Be, sLi, ;He, 1H

Element electronic configuration
H 1s'

,He 1s®

L 1s> 2s’

4Be 1 2¢°
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s 9 A il 91.553 ARl gﬂ
Write the electronic configuration and order of electrons in the
Al PEA] (6 S Jd Cm ‘\.ﬁl.\.“ paliall
Outermost energy level for each of the following elements:

1sP , 13Al , 1,Mg , 10Ne , 3O , sB

Element electron configuration outermost energy level
sB 1s2 2s2 2pt 2sz 2p?
80 1s2 2s2 2p* 2s2 2p*
10Ne 1s2 2s2 2po 2s2Z 2ps
12Mg 1s2 2s2 2pb 3s2 3s2
13Al 1s2 2sZ 2p® 3s2 3pl 3s2 3p1
15P 1s2 2s2 2p% 3sZ 3p3 3s2 3p3

s 9 A i il Al paliall
Write the electronlc configuration for the foIIowmg elements.

oF 1s® 2s? 2p
M M AU
145i 1s’ 2s? 2p6

0 1 | 2 2

sAr 152 2¢° 2p°

M1 i

S i) e g st

Q\ define: Valence electrons
o algashy A 2V i Ll pgiwa AN
Valence electrons: Are the electrons in the last primary energy level that
Aaad Al 541 9 Agiasl) ol Al - rais
determine the physical and chemical properties of the element

Mob: 07711841751 — 077 35 35 35 32




Mahmood Ali AL-Najm ) Chapter One
Baghdad College high School : Atomic Structure For Matters

Example 1-4

i) g Asty) et il p s gual) 5, P Y
Write the electronic configuration of sodium atom Na then, indicate
Jd.a Al LEJ A gu.\.uJ PN il ghsa
the gradual energy according to the primary energy levels.

11Na 1> 2s*  2p® 3§

3st 3p 3d
1
2s° 2p°
ul? 1ML
1s?

"

A

Energy increases

Example 1-5

i) 9 Ay e A ot A O

Write the electronic configuration of chlorine 1;Cl then indicate the
il 4 g3l adlal) Gl giea %) Jaudy Py u-b‘i\

order of secondary energy levels from lowest to the highest.

17Cl 1s* 25 2p° 3s° 3p° s primary dals e 4
2 WS secondary i principal
\ 3p5 1|I 1b,| oNe | AtiaY)
3¢ [ ~

2p° |11 . .0
25> 1|, Ladle

Lase joai ¥ Al paliall 43 pa s glha
1s* (1L 293 Jeaad) (e 20 LA

Energy increases

% It is important that the student know only the Atomic
number for the first (20) elements from the periodic table to
solve the chapter questions.
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s A A ) dguy N P R
Write the electronic configuration for the following atoms then indicate
zou YERA] "LEd g S () Al gl
the gradual energy according to the primary energy levels. 5P, sLi

s 1 25> 2p® 3s* 3p° A oL

[

4 3¢ 3p*

% |
2s° 2p
" il
1s?

"

i) TP e il aa <)l A
Write the electronic configuration for the following atoms then
O zos PERAT "ad g < XA adlal) algieal
indicate the gradual energy according to the secondary energy levels.

Energy increases

Energy increases

13A1, g0
Al 2s> 2p° 35 3p' 4 0 1s*> 2s* 2p*

Energy increases

"
il

Energy increases
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Example 1-6

2 2 gyl B s gy b e J
State the number of electrons in each primary energy level around the
3) gl
nucleus. 5B, 1oNe, 1,Mg

Solution:
2 2 1
sB: 1S° 258" 2p
.dJ‘Y‘ g:a,,\.l‘)-“ 5 5l ] . O g A<l
First primary level n=1 contains 2 electrons.
Pk u.:.ag.:ji & Suall a3 ) bl g sty
Second Primary level n=2 contains 3 electrons.

Jo¥) i) (s gisall Jiny 1S

1oNe 1s’ ,Zs2 Zp6

do¥) i) (s siaall e ol g <) . . . "

First primary level n=I contains 2 electrons. Al (i ) (5 ginal) Jiay 28 2p
i HJ“ & Sall éﬂ“: <l g sl

Second primary level n=2 contains 8 electrons.

1.Mg 1s? 2s? 2p6 3s? ; :
I i s sinal) P Cnis A d9¥) (i) g ghal) Jias 1S
First primary level n=I contains 2 electrons.
- O R PP ON e G AN e ) (g sal) Jiag 28 2p
Second primary level n=2contains 8 electrons. | ~ i

Gl Ll (g gall G5 gyl . ) ) .
Third pr‘i’:ary level n=3 contains 2 electrons. Sl (g 1) (5 ghasal) Sy 35

Guerse 1 L

What is the number of electrons in each primary energy level for these

elements ;He, ;N
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e sl ey iy e
Q / What does Lewis symbol depend on?
Wy e S gyl B LAY cgiwall S (g gle
It depends on the number of electrons at the last shell (valence shell )
9 BYECH P TV PRI
or the last energy level.

(AN Al g gl e See )
A Gl 5a A8 jma 3 pall peaiadl g S i A GaST -]
.@J&\&LH\ GJ"M‘;QUJJN\J\ Al Adal J)
:olial JSEN) B LaS o JAY) ghleil) CiMe B anl g g Sl Jiad A S ool Al g pna i -3
e @
SAr® esie : Jda sl 34y

\_

1A
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Example 1-7

G g 0 an
Write Lewis symbol for the following: ,Mg, 10Ne, sB, 1H

. . Lewis
Electron configuration
symbol
1s'

1H

B 1s* 2% 2pt
1oNe 1s* 2% 2p°
1s® 2% 2p° 3s°

1s® 2% 2p° 3s* 3p°

G Gmsl ey du) palial
Write Lewis symbol of the following elements: 13Al , 13Ar ,,Ca

Element : : : Electron in the outer Lewis
Electronic configuration
Level energy symbol

Al 1s® 2% 2p° 3s” 3p' 3 v élo

*%

.\s 1s® 2s* 2p° 3s” 3p° ® Arg
o0

»nCa 1s* 2s* 2p° 3s® 3p° 4s? ¢ Cae

Mob: 07711841751 — 077 35 35 35 32




Mahmood Ali AL-Najm v
Baghdad College high School Atomic Structure For Matters

Example 1-8

5 g ASY) A
An atom, the electrons of which are ordered as follows.

1s? 2s? 2p4 .
L R A e clg syl A ol M)

1- What is the total number of electrons in this atom?

K| Y g dand)
2- What is the atomic number?

L e @ S Bl ssiwal  pslas <l g sVl
3- How many secondary energy level filled with electrons?

[PRYY XS 3 ikl g ashy
4- What is the number of single electron?

sy G sl Ay ol SJ:\S\

5- Write Lewis symbol for this atom?

Solution:
e il g Asty
1-The number of electrons are 8.
@A Jaal) Ny " gha e b g iy
2-The atomic number is 8 because it equals to the number of electrons.

1> 2s° Zp4

W ad (W11

G5 (s gl Jina clig el Las L
3 -The secondary level 1s and 2s are occupied by electrons as for 2p it is not filled
s Ll clgiaad) Cclig Ny o dd o)
,50 the number of secondary levels filled with electrons is only two.
Baa gl b KxTS dagaie pe  cligaslyl s ol Jasd
4-1t is noted that the number of unpaired electrons are two only.

4

2p

0
1111
ougd ey @ Symbol @
5- Lewis symbol is ®o
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Exercise 1-10 H.W

If atomic number of element is 6 :

1- Write its electronic configuration

2- How many secondary energy level filled with electrons?

3- What is the number of single electron?

4- Write Lewis symbol for this atom.

Jalal o9l Jsaal) e Jisi dsani 314
Q\ Why is the periodic table considered the most important tool for
Sl Oy s Laaasl)
those who study chemistry.
Sda ‘!,a Joald eg& gaibad alial) Al a8l K]
It is useful in predicting and understanding properties of elements (physical and

4.\.1\.\.&53\ ‘_,AAL»AAJ\ paiall
chemical properties of an element)

Al il g asyy Ay uaibaill il 3adl)
Q\ Which electrons do they determine the properties of the physical

el aiall
and chemical element?

dablsialf Gl g Sl dgasa ‘;A A ABlall 5 gisa
Equivalent electrons exist in external energy levels.
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18

VIIIA
13 14 15 16 17
IITAIVA VA VIAVIIA

3 4 5 6 7 8 9 10 11 12
11IB IVB VB VIBVIIBj«—VIIIB— IB IIB

A and B (55 sana (4 (98 Jgaadl o)) o3e T (5 gall Jgandl g aadld

s ) Jsd sosd)  Jeall "l G (g ghal)
Q\Draw a form for the periodic table showing the secondary level
&l
blocks s, p, d, f.

s-block ~ p-block
2s 2p
ac d-block 3p
4s 3d 4p
5s 4ad 5p
6s 5d 6p
7s

"y is gaaal) alic
Q \ define s- Block Elements.
A sl e ) Ly gosdl  Jead (raia 23
They are elements on the far left of the perlodlc table including groups IA
3 pi] g Asty) Walifd i = jas
and lIA, whose electronic configuration ends with s, except for hellum (He).
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Nl AT
Q\ fill in the blanks.
3 a3 Cranaall palindl u-d\ J-\A\J\ (5331.13‘ A8t Gl glia Abiad  aalg
1- Group IA includes elements whose last secondary energy level s, have one
G A
electron.
5 a3 Cranali aliadl Al AN ¢ HE ABlall 5 gt Clliag
2- group lIA, it includes elements whose last secondary energy level have

il g sl
two electrons.

g is ganal) palis
Q \ define p- Block Elements.
aliall & e S il o9l Jsaad P T B
Elements are located on the right side of the periodic table, whose electronic
L A o = $  GaEl G g
configuration ends with p and include six groups.

84 ) 80 huall
Q\ deflne (group VIILA or group zero).
LAY Byl o e cpad)l e sl Jgaal ey A e
last group on the far right of the periodic table, it is called the noble gases
34 ol paliall  "Lida sslaa <l g st gé 4.13.1'1.;5\ Gl ghal)
group. These EIements partly filled with electrons at the secondary shells s
s ALl aliall S Aliaa alial)
and p, and noble elements are called (represented eIements)

e is ganall alis
Q \ define d- Block Elements.
A g 3181 palis A Aty gt i UL
These are metal elements whose electronlc configuration ends with s and
SU Alany saliall g Asganall el G B
d, they are called transition elements or d- block elements, at the center of

s Jesad)
the periodic table.

e is gaaal) alic
Q \ define f- Block Elements.
o4 alial) & b Jiud sosd) el AN
These elements are located at the bottom of the periodic table whose
9 Ashy) i Al it S8 daal AEy
electronic conflguratlon ends W|th f, and called the inner transition

palic Cranall 5y (AL Pl dadld)  y Aaglad) 5 gall
elements, including 14 groups belonging to sixth and seventh periods.
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Gl gl (A o2
g g3 48U
s,p,d,f

ke .
Q\ Give a reason
(KN AN s LA giell e 54 9 s sana
1- Why are the first and second groups called the group "s" or block "s"?
oy AN i g A ae el Akl (g gia
Answer: Because it's electronic order ends at secondary energy level s.

-

a3l SN alic AS gaaall 3
2- Why is The group (3, 4,5,6,7,8) called the elements of the group "p" or

@N
the block "p"

N "JJJASSY‘ Gt i A ¢ $E A3Ual) (5 giua A
Answer: Because it's electronic order ends at the secondary energy level "p".

ey alial) [ ES P il
3 - The transition elements belong to the Block "d".
Ay alial S8 Zaadl)
The transitional elements were called the block "d".
oY GOSN S h X PR Bl gia
Answer: Because its electronic order ends at the secondary energy level "d"

AMany aliad) Su el
4 - The transitional elements are called the block "f".

Y 9 AN g 8 ol - Ry A3Ual) (5 gia e
sol: Because it's electronic configuration ends with secondary energy level "f".
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pola s 4o gana O ol Bagay A
5 - Helium is a element of the block "s" in spite of its presence in the

block "p"
u\l 9 A PR el = PRk AAdall 5 glesa
sol: Because it's electronic configuration ends with secondary energy level "s"

A de gaaal) palis (o yaic ¥ 5l g3 a3l ab ) A8 jra oy ChS /
b ) ghdl) Al o pualall g SEY) cal i) GOST B 9all g B e ) A8 2l
:%AJ,)&Q\Q;J}&‘G‘M\d#sdﬁﬂ\nmaas‘)‘gﬂ\ﬁﬂaw s 5 9al) dd el -1
N sk 282 2p° A 8 gl B oy con gl
12Mg 152 252 2p6 §SZ A kA | 3\)\9.\3\&&@%\
2 Lad Cpllaiag da gy 1 5 a3 48 j2al 2
;%Asfj\eéJy3wwsuiauﬁﬂumwusnggs,ﬁ?\ggﬂ\umm_i
;Li 1% 2s AV a3 B ady o gl
nCa 1s? 25?2 2p° 3s? 3p° 4s? A5 B a3 A oy o gaeallSY)

o) 3gasd) aml) 4 p s ghiall o) 3a gall a3l B p s sanally g AN il ) 13

13 B a3 ad ) g4 ALB A%y 1) g (5 ghuall
5P 1s* 2s° 2p° 3s° 3p° 5=2+3 Aualdll el b aky  siedl)
oF 16% 025\ 7=2+5 dailad) 5 a3l b gy slil)

S e A A Js

Q/ What is the number of groups that each block contalns s, p, d,f
1- S = 2groups
2-P = 6 groups
3-d = 10 groups
4-f = 14 groups sl Js (2 el 2

1 s AN a1 4 13 e

030 il A A § i AN Gl § 5 g3 (s sSnal e
B a3l Jidi Al A S 9P clig sl 8 P g sl (5 gisall
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Example 1-9

L P syl g 3l agu palindl
What are the period and group for the following elements:

10K, 10Ne, 17Cl, O :
Xo) 1s*> 2s° 2p°

O oY) & AL 59l K) ) B3
Oxygen is located in the second period and the sixth group.

Cl 1s? 25> 2p° 3s° 3p°
Uil & Q,a a5l K] dagladl B a3l
Chlorine located in the third period and the seventh group.
10Ne 1 2s° 2p°
Wi Sogdll 9 AL 5l
Neon is Ioggted mgathe second period and eighth group.

19K 1s® 25’ Zp 3s? 3p 4s
A gl gl & ‘g,.‘l dagl ) B AN Bl
Potassmm is located in the fourth period and the first group.

Example 1-10

Lo 48 jidial) alal) i sa gy
What is the common property between the locations of the foIIowmg
palinl) ol Jgaad
elements in the periodic table?

12Mg, 11Na, sLi
Solution:

sLi: 1s? 2s’ group (1A) / 2™ period.
uNa  1s*2s%2p°®3s’ group (1A) / 3" period.

1s? 2s% 2p° 3s? group (2A) / 3" period.
"iad odle) ) gSiall A bl dualdl ashy
According to the above, the common property between Li and Na is that they
LS osbiay a3l
both have the same group (Group 1A).
48 jidall Lalal) O L st oudi Bl
The common property between Na and Mg is that they have the same period
A 55
3" period.
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A yidal) dualal) O é\y A waliall
What is the common property between the locations of the followmg elements
ot ot Jsad)
in the periodic table? ,Be ,sB, ;N

Solution:

sBe 1s?2s? group (2A) /2" period
5B 1s>2s*2p'  group (3A) /2" period
N 1s?2s?2p®  group (5A) / 2™ period

JS ol _aalliad) o oudi Sogall ALGN 5 gall
All these elements are in the same period 2" period.
A e saal g s AY & 3l ya s
They differ from each other with respect to groups.
Js raic S Adlida 344
Each element belongs to a different group.
pol o LA B gk & g LA/ VS I O A

Berylllum (Be) is in the second group, Boron (B) in the third group and Nitrogen
& dwadl) 3}

(N) in the fifth group.

L P sogdl g 8 a3l A _aliad)
What are the period and group for the foIIowmg elements:

19K, 10Ne , 17Cl , 50 :
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A8 il dualal) agu
What IS the common property between the Iocatlons of the following
salial) B ot Jaaad)
elements in the periodic table? 5P , 14Si , 6C

Solution:

5P 1s? 25% 2p®3s’ 2p° group (5A) /3" period

1uSi 1s?2s?2p®3s?2p®  group (4A) / 3 period

«C  1s°2s’ 2p? group (4A) / 2" period

_aldal) ‘?A il 5y gall a.gﬂﬁ“ gl
P and Si elements are in the same period 2"° period.

C and Si elements are in the same group fourth group.

dﬁ SJM‘ )ﬁ hal
Q\ define Atomic Radius
Bl Chal PEIWA O Aalaie LiliasS s ya
Atomic Radius: The distance between the identical and chemlcally combined
3 48 g2
nucleus of two atoms.
s ki RN ki il 34l
Q / How can you calculate the radius of the atom?
by PEWA O ddilatia 9 Lilass adayi e
by calculating the distance between the identical and chemically combmed
Y Sl 3 P sl = Sl
nucleus of two atoms and then divide the outcome by two

or
Ciual ) aal) ddlall Om el
“Half of the minimum distance between two
Allia 5 Libas b Tx painl)
identical and chemically-combined nuclei of the element.”
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Golha yaic JSI g A Gl A AU -1
Gstha paic (<159l g8 el B 7l Al -2
oJJAS\J\bJAJS\uAUlSU\JmL\a.\Sd\ NV £ oi paal -3
BN | < IVIPRCRT ;< (IRPCY: . 51 JOPWAE R IR TRk R
J&Mm‘ghdjd.\&u}&&wd\ NV SN e

Jilal kb i saliall 3 Baalgl Bl Sy Lk Al
Q\ Why does the radius of the elements in one period decrease as we
Jais e skl ) cpadl B sl Jgaad)
move from left to right (in period table)
cdal) 43k LARPRA] Craa  dal gl u-““-‘J” Csall
The attraction energy between the electrons within one main level and the
dga gall ddadl) 8) gl AP xa 3al) o e

positive charge of the nucleus increases with increasing in the number of
g Ayl g
electrons in it.

Example 1-12

-

<y Aty paliall & g = b)) gé it L)
Arrange the following elements according to increasing in their atomic

k) Ciaai
radius. oF , sC , sO , ;Li

sLi wP N

3 a3 Craca dll_jaN) 5900 Cpauda RSN
19925 2w, . , : 1 & : s
152 25 2p? @& Y R g e sy el A (g3 2 Y

1s> 28° 2p°

bass b s paliall B eSiall g5 aa P A R PP PN | R
Notice that all the elements above end with the second main level. This Means
ok [PLCRE B AL 5 ll sl Jeaall d i
that they are all'in second period of the perlodlc table. Thus, the arrangement of

oda aliadl Wy 2 Al ) W jkd Ll o (Al
these elements according to the increase in their radius is as follow:

3|_| >:C >0 >4F
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Exercises 1-13

-

g au alinll [V i g ué
Arrange the followmg elements according to the increase in their

PR . W b f.ﬂ.m.s
atomic radius ,oCa ,1,Mg, 4Be

Be 15 2¢°

Mg 1s? 25 2p® 3¢°

oCa  1s* 25 2p® 3s% 3p® 4¢°

Jady ob o os palindl el T aa B il (5 ga 2 ey

Notice that all the elements above end with the second main level. This Means

ol LS gé Pl { 5 e gosd Jeaall K\ iyl

that they are all in second group of the periodic table. Thus, the arrangement of
XY aliall Wy o Al ) W jhd Ciual 2 Lils

these elements according to the increase in their radius is as follow:

»0Ca > ,Mg > ,Be

(KON kil il 3, KIKpY [X\'g" éJ:m
Q\ Why does the radius of atom increase by increasing the atomic
daad) i aa) gl 8 a3l
number W|th|n a single group?

il gad) Glig ashy) - & jadd | ) 8) gl
Answer: the electrons move away from the nucleus.

@ s o) YDA
Q\ Define lonization Energy
el 43 IV FEBA]] dggllaall 3 AN Ay st
lonization Energy: The amount of energy required to remove one electron
Y ‘E’AJN‘ Alal)  gslwa d a3 3l
from the outer energy level of a gaseous atom.

Na + ionization energy = Na*
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el PP clily 8 il Mp Ll
Q\ Why do the ionization energies in the periods increase as the
@JAS\ daal) A paiall KIKEY
atomic number of an element increases
| 3l ‘,é da gall YRR 31 gl oseh
Because of the increase in the positive charge of the nucleus and the occurrence

il g sty ‘_,é ol u.a.u.\‘)l\ (& Fiasal) FEBA
of the electrons in the same main level of energy.

Nl e dl
Q\ Fill in the blanks:
Sty PR J—3 Ladic @A aaxl) 235
1- The ionization energy decreases when the atomic number increases
8 a3l
W|th|n the group.
u.\L\S\ 43U Al Lanis A aasd) 345
2- The ionization energy increases when the atomic number increases
5y gall

W|th|n one period.

b el
Q\ Give the reason:
ki DA Jas Ladic @A Adal) K3 ‘,é
1- lonization energy decreases when atomic number increases in
Baa ol 5
a single group.
PN el il g sty AN 5 sl & % oy
Answer: Because the electrons of the outer level are moving away
e 81 g0
from the nucleus.
Sulaly PEA KIEBY] Laie  cad djadl
2- The ionization energy increases when we move from the Ieft of the

gosd) Jead A O (i 894
periodic table to the right (within the period)?
ol sl S e ) Lagall  Aiadl) (s 31,53 r
Answer: Due to the increase of positive charge within the nucleus and the

Jadal [ eldy Gl Ay aie bl s sa A g.u.u‘)l\ PEIA
retention of electrons at the same level of external primary energy.
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oy PERS A Lals A aaal) a3
3- The ionization energy increases as the atomic number increases
gé saalgll 3l
in single period.
ol gal) S e a3l Lasdl  Aiadl) O Baill
Answer: Due to the increase of positive charge within the nucleus and the

Jadal [ eldy LARPR ] il AUAN il dBU
retention of electrons at the same Ievel of external main energy.

o) e S " oy PR
4- The ionization energy of ;N greater than gO ionization energy,
Gapdolly Sl g S 2 e o O A 33
although oxygen is the largest atomic number of nitrogen atom.
il gad) aad) S a9 Al 38 il A [
Answer: The reason that the nitrogen atom has a semi-saturated

XA (8 Shaua S oy Qi o)
secondary level is 2P so the ionization energy is higher

A aliall lia s ol P
5- Noble elements possess the highest ionization energy.

<) gl ! g-h N J84% Ll g i<l Mj.g.a.u
Answer: Because it does not lose its electrons easily.

e i g sy ity
Q / Define Electron Affinity
A g ity aan) dasl) Ga A8 b ala Ladic dailaall
Electronic Affinity: The amount of energy released when a neutral

agsa A i dal g g ast
gaseous atom acquires one electron.

[ F + e > F +energy ]

KA alut aliall Al 8 A ey aaty
Q\ why do Nobel elements have the lowest electron affinity?

el l.g.N . cmall ddla) LARPRL|] P3|
Because it is very hard to add electrons to them.
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Q\ Fill in the blanks:

Ay g sty R (| paldall b <l gall A Ladic
1. The electron affinity of the elements in the periods increases when the
L_.SJM‘ KXA(] KIKEY
atomic number increases.
el o B 9 dga  J el SIASY) Ll
. The elements in the same group more difficulty to acquire an electron as
Ay Ll KIS
their atomic numbers increase.
XSV @A Qaal) ainll Sy Loa I
. The bigger the atomic number of an element, the more difficult for the

raidl d o Gl 9 AsY
element to acquire an electron.

e gl
Q\ define Electronegativity

Al gl Jaa LA 3 Qla aliad)  clig sl
Electronegativity: The tendency of an atom to attract bonded electrons
B Ll b gl e S yall
towards itself in any chemlcal compound.

Q\ Fill in the blanks:
oslil  dtig S FERIPRUL i< g o aal|
1. Fluorine has the greatest eIectronegatlwty and thus, is given number
Y U.«L\Q Al 4—"\AASMJGS
(4) as a measure for its electronegativity.
e Jstal) Al S KECIPIE] oaliia J g8
Number of fluorine electronegativity is used as a measurement for all
s AY _aliadl
other elements.
Al gl AMF Laie oA daad) KB ot
. Electronegativity increases as the atomic number increases in the
39l o e Glslinay)
period with some exceptions.
BT Al g <Y) o8 Lals A aasd) KKE
. In'groups, electronegativity decreases as the atomic number increases.
4.\.1.\.\5\ &) e il Mhﬁﬁu‘ i ol w b
. The noble gases considered exceptional because some of them do not
Ay & a1 a GlS e
combine with others to make compounds.
Al cjid A g duadl 3 e il yal) e
. The noble gases that have the tendency to make compounds tend to
g s 4le Laalaa g
have a very high electronegativity.
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;1 e ‘

Q\ Why are the noble gases considered exceptional

N Lgany Y T pa AY Qs
Because some of them do not combine with others to make compounds.

Q\ Fill in the blanks:
iy K) ey ol A dd "ady I &) il
The metallic and nonmetallic propertles change accordlng to the changes
ot A Aaad) BB i Bl A oudi 3l
in the atomic number of the atoms in a same group and in a same period.
Lal< It LAl daad) <Al il )

Gl ja

1.

5 gall

ga
. As the atomic number of theratomsiinithe same period increases, the

4314 el s Ja s 4 3t ol gal)
metallic properties decrease on one hand, and the nonmetallic properties
A Al s g
increase on the other hand.
G Baalgl) 33 4 el sall daF 3 300
. In one group, the metallic properties increase and the nonmetallic
ual Al Jas (I éJM\ danl) A
properties decrease as the atomic number increases.
J8 _alin) Spdll A 5 Bualh AudEl a0 4 alial) u—"
.. All the elements i |n Group/A and Group lIA are metals. The elements in
Syl Awdldl g B daslud) ey
Group VIA and Group VHIA are nonmetals.
i paial) b S B GRdussh 9 amla (A i3y
. .the two elements in the first period (hydrogen & helium) are nonmetals.
agual Al i Ak gL o ) L L
..In the following four periods, there is a gradual change from metallic to
oy walss
nonmetallic properties.
Js palinl) B Al By A gl e L AL ol
. All the elements in the sixth period are metals except the last two
Gipais (A ey
elements are nonmetals.
bl S sd et a4y
. The seventh period includes only metals.
A 9 aiaeyy) FIERE) Aa) palic ST Rt
. Lanthanides and Actinides are internal transitional elements, show metal

ol gl
properties.
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¢ ?\.;jﬁﬂ.“ Ué“;“\ A ¢ C,.A.m\ PN A ¢ a*\.‘.«.nJQSS‘ A ¢ %jm\ d:ﬂ ‘ (éﬁ) ‘5)3.\\ P@Al\ d{l:\
A g KN AR ala

3y gall Crana

bl (ana
(&) o anall dlaj
Galal) A8 Jas
Ll <) (i &4 o
Ao 18l e
4 1) Jis

llal) Jd (e Lgtaa
($ I3 (A Gladal) o sty s
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P CHAPTER QUESTIONS

1-1 Choose what is correct from the following:
1- The most stable electron is that located in:

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

2- Which one of the following energy levels has more electrons?

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

3. Maximum how many electrons are there in primary energy level n=2?

a) 32 electrons.
b) 18 electrons.
c) 8 electrons.

4-What is the number of orbital of f sublevel?

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?

AUUA11111

WL
1111111190

6- The third main energy level contains a number of orbitals:
a) 4 orbitals
b) 9 orbitals
c) 16 orbitals

Mob: 07711841751




Mahmood Ali AL-Najm -\ Chapter One
Baghdad College high School ﬁ Atomic Structure For Matters

7- Electron configuration of one of elements is as follows: 1s* 2s” 2p°

What is the atomic number of this element?
a)5 b) 4 c)7

8- Electronic arrangement of neon element:
a) 1s* 2s” sp°®
b) 1s? 2s? sp°3s’
C) 1s% 2s% sp°3s?

9- In the periodic table the elements of block d are located
a) Below the periodic table.
b) On right of the periodic table.
c) Middle of the periodic table

10-In the periodic table the elements that assemble the right of the

periodic table are:
a) Block p elements
b) Block f elements
c) Block s elements

11- Halogens are the elements of the group
a) IA b) VIIA c) VIIIA

12- what is the electronic configuration of an element which end
with 3p3?
a) 1s® 2p° 3p°
b) 1s*> 2s®> 2p® 3s* 3p°
c) 1s® 2s*> 2p° 3p°
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13- The discovery of the nucleus of the element is attributed to the

scientist.

a) Rutherford
b) Bohr

c) Thomson

14- Atom element ends with electronic level 3s* atomic number of this

element is
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
a) lonization energy.
b) Electronegativity
c) Electron affinity

16- An atom of an element ends with electronic order in secondary

level 2p°, what it's group and period.
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
a) 3p° b) 5p° c) 3p°

18- Which of the following elements has highest electronegativity?

a) Fluorine.
b) Chlorine
c) Bromine
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19-The radius of elements increases within same period as:
a) It has less atomic number
b) It has larger atomic number
c) As we move from left to right in the same period in periodic table .

20-Which of the following is true for the Lewis structure of argon (Ar)
element?

a) eAre b) PArd ) *Ar-

1-2 Explain Rutherford's atomic model and why his model was failed?

Rutherford introduced his perception that:
1. (A positively charged particle, the mass of proton is greater than
that of the electron).
2. 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
. The electrons circle around the nucleus. Therefore, most of the
volume of the atom isravoid,; the number of negative electrons
rotates around the nucleus balance the positive charge of
protons.
. These electrons rotate around the nucleus in various orbits with
varying distances from the nucleus, as is the case of planets
rotating around the sun.

If negative electrons are static

No.1 Assumption: these electrons will be drawn to (magnetized) the
nucleus with the positive charge.

If electrons must be in constant motion.

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. In both assumptions, the atom must collapse.
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1-3 Write briefly about:
1) lonization energy: The amount of energy required to remove one electron
from the outer energy level of a gaseous atom.

Na + ionization energy = Na*

2) There is no electronic repel in same orbital:
Each electron spins around itself at the same time as it spins around
the nucleus.

3) Thomson atomic model: Soheri
pherical cloud

Thomson’s Model: @) of positive charge
By the end of the 19th Century, Thomson ¢ ‘
gave another perception of the atom.
1- atoms consist of smaller particles having
negative charge ,called (electrons) —=
2- The atom is a positively charged sphere on WhICh negatlvely

Electron

charged electrons attached to balance the charge

4) Secondary energy levels: A number used by scientists, which describe
fairly all features of the orbital as well as those
the electrons in these orbital.

5) Electronegativity: The tendency of an atom to attract bonded electrons
towards itself in any chemical compound.
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1-4 Two elements ;Mg and 16S
1) Write the electronic configuration for them indicating the

secondary energy levels
Mg 1s* 2s* 2p° 3&? 165 15> 2s* 2P° 3s* 3p’

4

30 LAY
3s [l
2p® LWL

25>

t 3 [1
20" 11
2s* 1)
1> (1l

Energy increases

Energy increases

1s?

2) Period and group of each
12Mg are located in third period and second group
165 are located in third period and sixth group

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

4) Lewis order for both of them?

° Mgo H S :
1-5 Electron configration for fluorine is 1s* 2s* 2p°
1) What is the atomic number for Fluorine? (9)
2) What is the number of secondary energy levels that full with
electrons, and named it? (only2) 1s®>2s®

3) What is the number of unpaired electrons in fluorine atom?
oF 1> 2§° 2p° (only 1 unpaired electron)

W ad AW
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1-6 Arrange elements by decreasing in their atomic size:

zHe 10Ne 18Ar
zHe 152
1s? 2s? 2p6
sAr  1s? 287 2p°® 352 3p
Notice that all the elements are in the same group ( VIIIA)

6
,He < oNe<gAr

1-7 What is the common thing between the following elements:
1) 5Li , (H
sLi 15> 25! e —

iH 1s! |

They are in the
same group

2) 13Al , 17Cl
Al 1s* 2s* 2p° 3s* 3p
1Cl 15 25> 2p° 3s* 3p

1 /_ They are in the
5 same period

1-8 Name the period and group for each element : 13Ar, 1:Na
18Ar 1s®> 2s* 2p° 3s? 3p° eighth group third period

11Na 1 25> 2p°® 3s' First group third period

1-9 Write Lewis symbol for each of the following 4¢S, sB

165 1s*> 25> 2p° 3s* 3p* ts ¢ .
5B 1s* 2s° 2p1 °Be

Mob: 07711841751




Mahmood Ali AL-Najm _— Chapter One
Baghdad College high School % Atomic Structure For Matters

1-10 Which elements are called noble gases in the periodic table and

what is the most important characteristic of these elements?
last group on the far right of the periodic table. These Elements partly
filled with electrons at the secondary shells s and p.

These Elements have a very high electronegativity.

These Elements do not combine with others to make compounds.

1-11 How does elements blocks in the periodic table are arrange, and
what it's position?
Depending on the type of secondary level that ends the electronic
configuration, for example:
11Na is located in the block s
show its configuration:  ;;Na  1s®>2s®2p°®3s’
Block S is located at the left of the periodic table.
Block P is located at the right of the periodic table
Block d is located in the center of the periodic table
Block f is located below the periodic table

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

Number of Number of Number of

Primary level Secondary level Orbital Electron

only 2 (2s, 2p) 4 orbital 8 electrons

only 3

(3s,3p,3d) 9 orbital 18 electrons
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1-13 Answer the following questions according to 1;Cl and ;;Na ?
1- Write electron configuration ot them
11Na 1s? 25 2p°® 35’
1Cl 1s? 2s® 2p° 3¢ 3p°

2- Show Lewis structure 2

® Na ecCl g
00
3- Show secondary and primary energy levels.

1uNa 1> 2s° 2p° 3st A 1Cl 1% 2¢°

3p°

3s' |1 3s’

6 6
2p” (1, 2P

2s* 11, 25

1s’ 1L 1s’

h ’

A

uNa 1> 2s° 2p° +Cl 1s* 2% 2p° 3s?

 3s® 3p°
W 1WA
2s° Zp6
" LML

1s>

"
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4- Write number of unpaired electrons.

1Na 1s? 25° 2p° 3s? Only 1 electron
a1 I T I T T T

17Cl 152 25° 2p° 3s? 3p> Only 1 electron

T T T P T T TR

5- Number of electrons for each primary energy level around each
nucleus.
Sodium: ;;Na  1s?2s% 2p° 3s*
The first primary level n = 1 contains 2 electrons
The second primary level n = 2 contains 8 electrons
The third primary level n = 3 contains 1 electron
Chlorine: ;€I  1s®> 2s* 2p°® 3s* 3p°
The first main level n = 1 contains 2 electrons

The second main level n = 2 contains 8 electrons
The third main level n = 3 contains 7 electrons

6- Number of secondary energy level that are filled with electrons.
Sodium contains three levels of secondary energy filled with electrons: 1s
2s 2p
Chlorine contains four secondary energy levels filled with electrons: 1s 2s
2p 3s

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

characteristic between them
The sodium is located in the third period and the first group.
Chlorine is located in the third period and seventh group.
These elements located in the same period (third period).

1-14 How Metal and nonmetallic properties are classified in for

each (second period . fifth group).
Second period: contains two elements of lithium and beryllium of metals,
boron of semi-metals, carbon, nitrogen, oxygen, fluorine and nonmetals.
Fifth period: all its elements are metal, except four (two semi-metals, two
non-metals)
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13 14 15 16 17
HIA IVA VA VIA VA

7 8

B N | O

6 7 8 9 10 11 13 . |2
VIB VIIB j<— VIIIB — . B Al P S
24 25 26 27 28 29 33 34

Mn| Fe Ni | Cu Ga As | Se
43 45 16 7 . 19 5 51 52
Tc Pd In Sb | Te

75 7 78 79 2 83 84

Re Pt Bi | Po

Bh Uun
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Juall) 35 B Jguil! Jualll 4lgs A 5393 gal) Cilathiaal) | )

Q \ Where is the first and second group on the periodic table?

Answer: They are found on left of the periodic table and called S-Block

ER'~3

Q \ List the elements of the first and second group.
Q\ Fill in the blanks :
1 - The first group consists: Lithium (Li), sodium (Na), Potassium (K),
Rubidium (Rb), Cesium (Cs), Francium (Fr)
2 - The second group consists: Beryllium (Be), Magnesium (Mg), Calcium (Ca),
Strontium (Sr), Barium (Ba), Radium (Ra).

Q\ Fill in the blanks :

-

agglall i al W | 34 g laY)
1- The first group is called alkaline metals and the second group alkaline

Ly EARIC]
earth metals.

2- The elements are arranged in the first group and the second according to

increase in their atomic numbers.

a8 o2 Lid  palell ‘_,A uj 5 | paaall
3- Francium is the only element in the f|rst group which is prepared

. J=Sa
industrially
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dalal) G jraa [ gaibadd)
Q / What are the general characteristics of elements of the first

and second groups?

1- They have low electronegativity and low ionization energy.

2- The outer shells of all the elements in group IA have one electron.
3- The outer shells of the elements in group IIA have two electrons.

[PX] ¥ daad b Jsdy b dayal)
4- They can't occur the free form in nature.

Q\ Why are not the elements of IA and lIA groups free form in nature?

s Lg—llab
Because of their reaction. (it's very active)

Q\ Compare the elements of the first and second group

from where:

Group A

more metallic Less metallic

less ionization Higher ionization

lonization energy
energy energy

Number of electrons

Only one electron Only two electron
in the last energy level |

Electronegativity

less Higher
electronegativity electronegativity

Mob: 07711241751 - OFF 35 35 35 32




Mahmood Ali AL-Najm ) Chapter Two
Baghdad College High School Groups IA and 114

Q\ Why is the ionization energy of the elements in Group IIA greater

than those of the elements in Group IA
because of the decrease in the atomic volume.

Q\ What are the physical properties of group IA and IIA elements?
g K) Sladad) Lalas
1. Melting and boiling points decrease when the atomic

Meltin: Brass
Chemicals Beaker

. Tongs
numbers of the elements increase. L .

. The compounds of these metals give different colors
¢! G gluad
to the flame of Benzene Lamp. _
PER ~ N
. The increase and decrease in the density of elements \\)

b|

e

are irregular to the increase in their atomic numbers.
. the density of (Li,Na and K) is lower than the density of water at the

temperature of (25 C).

Q\ Why is potassium (19K) less melting and boiling than lithium (sLi)?
Melting and boiling points decrease when the atomic numbers of the
elements increase:

Q\ Filling in the blanks:
s
. Lithium gives scarlet color.
=y Jal
. Sodium compounds give shiny yellow color.
S el
. Calcium gives dark red color.

. . snR
. Strontium gives scarlet color.
4 Y-ty
. Barium gives yellowish green.

. (K, Na and Li) is lower than the density of water at the

temperature of (25 C).
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Q / What are chemical properties of the IA and IIA group elements?
The elements in Group IA have one valence electron
The elements in Group IIA have two valence electrons in their outer shells.
They have the tendency to lose their valence electrons when they enter
into a chemical reaction.
Elements in group IA form positively charged ions (M*) and elements in
group IIA form (M*?)

It'is combine with nonmetals to form stable salts with high solubility

las
except Lithium which is less soluble in water like NaCl

Q\ Give the reason :

1- Elements of Al and All groups are combining with nonmetals to
form stable salts with high solubility except Lithium which is less
soluble in water. . ]

8 S o
Because, lithium has small volume and the great attraction

energy of its nucleus to electrons.

Jaa Cadl A 8 <l ) s
2- They tend to lose the external covalence electrons easily.

because they are easily oxidized.

3- Elements of group IA are called "alkaline metals"
because their solutions are very basic.

4- Elements of group IIA called "alkaline earth metals"
because some of their oxides are known as "alkaline earth"
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Sodium a g2 sall

Q / Give the following to the sodium element: chemical symbol,
atomic number, mass number, oxidation number and then draw
the electronic configuration.

chemical symbol Na

atomic number 11

mass humber 23
electronic configuration 1s? 2s* 2p° 35’

oxidation number +1

Number of proton

Number of electron zgp = e g1

n=A-2Z
Number of neutron n=23-11
n=12

4 Gy
Q\ Where does the sodium element occutr?
1- Sodium does not accur as a free element in nature.

2- It occurs in nature combined with other elements forming stable
compounds such as NaCl, Na,SO, and Na,SiO;.

il agudgeall QoA Jadily oas¥) ki)
Q\ Why is sodium stored in petroleum (white oil) ?
1- because it does not react with it.
o A BAsy Lais Addp slggl
2- because it burns when exposed to air.

Q\ what are the physical properties of sodium element ?

el By iy A A g Lsie
. Itis a soft metal and has a bright silvery luster when it is cut.

-

. Its density is less than the density of water.
. It melts down at (97.81 °C).

4. It boils at (882.9 °C).
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Q\ Complete the following chemical equations, with balance.

e )
2Na + Cl, —— 2Nadl ‘*“"’AZ::“@ ol

Sodium Chlorine Gas Sodium Chloride CJ‘%-“ 6‘3&” Jaals
2Na + 2H,0 —> 2NaOH + H, 3o Luwal) Jaladl £
b Al ) claby,

Gad /

Sodium Water Sodium Hydroxide Hydrogen gas | - J§
2Na + MgO — Na,O + Mg { m
Sodium Magnesium Oxide Sodium Oxide Magnesium

2Na + 2HCI — 2NacCl H,

Sodium Hydrochloric Acid Sodium Chiloride Hydrogen gas

3Na + AlCl; — 3NaCl + Al

Sodium Aluminum Chloride Sodium Chloride Aluminum

Q\ What are uses of Sodium? )
4 guaal) e Lt
1. Itis used as an active reducing agent in some of the organic interactions.

2. Iti s used in tﬁf‘\e production of sodium cyanide (NaCN) which is used in
[ )

purlfylng gold -
J
. ltisusedin mmmg toremove the oxygen of air which is combined with

the metals.

Q\ give the reason:
1- Sodium is used as an active reducing agent in some of the organic
interactions.
because of its high oxidation.
2- Sodium is used in merTing to remove the oxygen of air which is

combined with the metals.
because it is active reducing agent

Q\ How is sodium ion detected in its compounds?
use a detection called dry detection
When the sodium is burned on a benzene lamp.

the lamp flame is colored in .
Ak
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Q\ Define Dry detection. s
Dry Detection: Detect used to Determination an element in a composite by
specifying the color of the element on a flame benzene lamp.
Q\ what are the most important compounds of sodium?
1- sodium chloride (NaCl)
2- sodium carbonate (Na,CO;)

Q\ How do sodium carbonate salts form in nature?

Dof"tfle salts sodium carbonate
containing Onthe [ 1 ‘ d
sodium element b i)

Q\ Where is the table salt (Nacl) in nature?

aM u\.\h
1. It occurs in nature as rock salts in many countries around the world.
il 9
2. It occurs as underground salt deposits.
3 PAETY CilasS gé @4\.'\,3 S s Gl

g
3. Itis abundant with huge quantities in springs, seas and lakes.

Cl ion

Na and Cl ion in the So-

4 : Sodium cloride crystal
dium Cloride

Na' ion

@l oS )AL e A sl sl e @l
Q\ How can Extraction of Salt in southern part of Iraq?

If salt exists with high concentrations in sea water:
slal) foan J  bumS  dahuwa (algal WA dawl gy waddl
The water is pumped into large shallow pools to be vaporized by the sun.
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Q\ What are the Uses of Sodium Chloride?

GI3ra
1. It is indispensable in our food.

2. Itis used in the preparation of many sodium compounds such as

sodium carbonate (washlng soda)
. itisused in preservatlon of consumable food such as meat and

fish. Al 2L

. Itis used in leather tanning.
&Lm‘i! <ufla

. production of ice for cooling and painting adhesives.

Q\ Why is Sodium chloride used in preservation of consumable food

for certain period of time such as meat and fish?

3 S
Because the concentrated sodium chloride liquid kills harmful bacteria
U i)
which case putridity.

-

Q\ What is the difference between table salt and sodiurrli‘__chloride?

)
1. Put some crystals of pure sodium chloride in a glass bowI and put

some salt (table salt) in another.
Ghl gl gl T PRI I N g
. Put the two glass bowls in humid air and Tabel the bowls |nd|V|duaIIy
asd)
. After one or two days, check the salt in the bowls.

. You notice that the ré’éﬁlar salt becomes hur‘;ﬁaified and the pure salt
stays unaffcia-‘:ﬁted

. This indicates that sodium chloride does not absorb water from air,
i.e. it does not hydrate. Regular salt has the property of absorbing
water (huuiﬁi‘aity) from air.

. The reason for this hydration is that it contains impurities of calcium

chloride or magnesium chloride or both.
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Q\ Why does sodium chloride not absorb water from air (it does
not hydrate). And regular salt has the property of absorbing water
(humidity) from air?
The reason for this hydration is that it contains impurities of calcium
chloride or magnesium chloride or both.

Q\ Define Hydrolysis. o
Hydrolysis : The process of absorbing water from air being wet .

Q\ Define Sodium hydroxide
Sodium hydroxide: is a base with a great tendency to
Olagdll
dissolve in water.

Sodium Hydroxide

Q\ Why are Sodium hydroxide not fully diluted?

Because : The hydrated layer of sodium hydroxide reacts with carbon
Oligdll S48 e
dioxide in air to forma layer of sodium carbonate Na,CO; which is msoluble

in concentrated NaOH solution. A dry layer is formed on sodium hydroxide.

Such as :

2NaOH +CO, > Na,CO; + H,0

Q\ What are the most important uses of sodium hydroxide?

delia clilaial)
1-In the manufacture of soap and detergents.

elia L ol aush
2 - In the manufacture of textlles and paper.

J.\AAM
3 - A raw material in the preparation of compounds used in industry.
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Calcium pa gaallsl)

Q / Give the following to the calcium element: chemical symbol,

atomic number, mass number, oxidation number and then draw
the electronic configuration.

Chemical symbol Ca
Atomic number 20
Mass number 40
Electronic
Configuration
Number of proton
Number of electron

1s? 2s? 2p° 3s?3p° 4s?

h=A-2
Number of neutron n=40-20
n=20

Q\ Where does the calcium element occur?
Why?

1. It does not occur as a free element in nature because of its high activity.

answer

2. It occurs in some kinds of food such as milk and fish.

3. It occurs in combination of other elements as in the forma
|

4l LSl s
a) carbonate such as alabaster and limestone

waxl)
b) sulfate such as plaster

¢) Phosphates such as Calcium Phosphate

d) Silicate. (CaSiO;)

Some food that contain calcium.
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e g
Q\ How can calcium obtained?

7 ) AL
Q\ How is Calcium extracted from its compounds?

ol Bl sguan
Calcium is obtained by the method of electrolysis of molten calcium chloride

and fluoride.

Q\Why does Calcium not occur as a free element in nature?
because of its high activity.

Q\ Prepare Calcium Hydroxide Ca(OH),. el
48l &0
It is prepared by adding water to calcium oxide CaO (quicklime).
Ca0 + H,0 - Ca(OH),
Q\ Define :
1. lime: Calcium oxide (Ca0) used in the preparation of calcium hydroxide.
gLk} ssall
2. hydrating lime: - is a process used in the preparation of calcium hydroxide.
lhal)
3. Hydrated Lime: Calcium hydroxide is the result of adding water to calcium

oxide (Ca0).

L',él.«al\ sl sla
4. Pure lime watetr: is pure calcium hydroxide solution Ca(OH),.

Q / How can detect calcium hydroxide solution (pure lime water).

Q / How is carbon dioxide detected.

Answer: CO, is detected by the calcium hydroxide solution
where the solution is turbid, because of the formation

) vy

Calcium carbonate in a precipitate.

CO,+Ca(OH), = CaCO;+ H,0

Calcium hydroxide
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Q\ What is the different between normal plaster and Paris Plaster

normal plaster Paris Plaster
Chemical Formula CaS0,.2H,0 (CaS04),. H,0

two molecules of water, One One molecule of water
molecule of calcium sulfate two molecules of calcium sulfate

Formation

Occur from combine water | From heating gradually for plaster
Occurrence

with solid calcium sulfates. turns (normal plaster)

Q\ define crystallization water , Paris Plaster m

Crystallization water:

Paris Plaster:

Q\ What are the uses of Paris plaster?
Paris plaster is used in:

1- building  2- statue making 3- casting
sl Jabaal) a sl

Ay IR (&S 5 lLidas (e aSi
TATENTER ) 4 3 32y (33 5
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CHAPTER QUESTIONS 02

Choose from the brackets to complete the scientific meaning in
the following:

1- Which one is the first group elements?
a) Helium b) Radium | ¢)Sodium  d) Boron

2- Why potassium is more active than element of lithium?
Its atom has two valence electron.
Its atomic radius bigger.
Its atom don't have valence electron.
Because its free in nature.

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

4- If Lithium atom loses its equivalence electrons, it convert to
(single positive charge ion , a negative charge, dipositive charge ion ,
di-negative charge ion)

What is the difference between normal plaster and Paris plaster?

normal plaster Paris Plaster
Chemical Formula CaS0,.2H,0 (CaS04),. H,0

. two molecules of water One One molecule of water
Formation . .
molecule of calcium sulfate two molecules of calcium sulfate

Occur from combine water  |rom heating gradually for plaster
with solid calcium sulfate. turns (normal plaster)

Occurrence
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2-Why sodium chloride is important for industry?
Cause: Sodium chloride brings many materials used in many industrial
Paper.

3- Barium has more metallic properties than beryllium. Why?
Barium and beryllium are in the same group.
As the metal increases as the atomic number increases within the group,
So, Barium is more metallic than Beryllium because it is the most atomic
number

Explain the reason of followings:
1) Aluminum, Al, is not found in IA group.
13Al 1s* 2s* 2p° 3s* 3p'
Because it has 3 electrons/in a last primary energy level.

2) Sodium is stored in petroleum. ” [L ‘

A. because it does not react with them

B. because it burns when exposed to air.

3) IA group is called alkaline metal.
because theirsolutions are very basic.

4) Sliced Sodium loses its shining after some time.
Because of the formation of a layer of sodium oxide resulting from the
reaction of sodium with air oxygen air.

5) When granules NaOH are left in wet atmosphere, they first fade and then
form a hard shell.
The hydrated layer of sodium hydroxide reacts with carbon dioxide in air
to form a layer of sodium carbonate Na,CO; which is insoluble in
concentrated NaOH solution. A dry layer is formed on sodium hydroxide.
Such as:

2NaOH +CO, - Na,CO; + H,0
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Explain:
1- Calcium loses two electrons easily
20Ca 1s? 25> 2p° 3s? 3p°® 4s?

From the electronic configuration of calcium we observe that the
electronic valence are located in the fourth level (far from the nucleus)
So when the electron moves away from the nucleus, its energy increases
and the electron becomes less correlated with the nucleus so it is easier to
lose.

2- Put the elements Lithium, Sodium, and Potassium within the same group,

although different in the atomic number.
iLi 1s*  2st
uNa 18> 282 2p® 3st
10K 1s> 25 2p® 3s? 3p° 4s
From electronic configuration:
- It contains one electron in its outer shell.
-- So, they have the same physical and chemical'properties so they
located in the same group:

What is the difference between pure salt (NaCl) and impure (NaCl)

Pure salt (NaCl) Impure salt (NaCl)
Contains impurities such as
Does not contain impurities magnesium chloride and calcium
chloride

It can't absorb water molecules It can absorb water molecules
from the air from the air
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Boron (B)

Wl (S5 e — il e
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Group ITTA 431G 5 a3

Q\ Why are the elements of group IlIA put one group?

beacuse the outer shell in IlIA group atoms contains same number of
N
electrons despite they are different in their atomic numbers.

Q\ List The elements of IlIA group.
Boron (B), Aluminum (Al), Gallium (Ga), Indium (In), Thallium (TI).

18
VIIIA

-‘B metalloid

‘He Boron

13

Ne Aluminum| Al

-

6 7
VIB  VIIB R} |

25 2 27 28 2 El¢ 32 a5 3 Gallium
Mn Co| Si A Ga

13 15 3 7 ” ~ 5 5 52 53 5. Indium 49
Tc Rh In

"‘Re "Os Ir .. : : Bi | ; ] Thall 81
107 U lum Tl
Bh Mt

a1 2 63 1 S5
Pm| & Eu| Gd

93 C 95

Np Am| Cm

Q\ Write the general properties of group IlIA elements
las
1-The elements of this group are metals except Boron which is metalloid.
2-The ionization energy of these elements is less than the ionization energy

of group IIA elements.

PO
3- The oxidation number of these atoms is (+3). However, they tend actuaﬁy

to form covalent bonds.
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.
Mob: 077118241751
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Q\ Compare between the ionization energy of elements in group IlIA
and lIA.
Q\ Why is the ionization energy of these elements less than the

ionization energy of group IIA elements.

The main reason is that the elements of this group contain one electron in the

secondary shell (p) following a saturated secondary shell (whether s or p).

Q\ Why is the oxidation number of group IlIA atoms(+3).

- it has 3 valence electrons in the last primary energy level.

L) Sallaaly Ly

Q\ Why are the aque'ous solutions of boron oxides are acidic, whereas

the aluminum oxides are amphoteric.

because the atomic number is increases.

Mob: 077118241751
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Q / Give the following to the Aluminum element: chemical symbol,
atomic number, mass number, oxidation number and then draw
the electronic configuration.

chemical symbol
atomic number Z
mass number A
electronic configuration

oxidation number

Number of proton
Number of electron

Number of neutron

. -\AJ.!
Q\ Where does the Aluminum element occur? _
1- Aluminum does not occur as a free element in nature.

) : 544 : | Bpud
2- Aluminum is the most abundant metal in the earth's crust.
OJs
3- It makes up about 8 % by weight of the earth's solid surface

S gl Y g 1)

W
Such as bauxite Al,03.2H,0 , Cryolite NasAlFg

R 3 sall

Q\ List The raw material of aluminum.
1- bauxite A|203.2H20
2- Cryolite NasAlFg

Mob: 077118241751
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Q\ Define : 1- bauxite 2- Cryolite 3- Hall process

Bauxite: It is the aqueous aluminum oxide and it is the main source for

@JAMN\ %> ESW
aluminum extraction. With chemical formula Al,05.2H,0.

ol

2- Cryolite: is a fluoride of sodium and aluminum (sodium hexafluoroalummate)
it is.one of the most.important sources used in the extraction of

aluminum. With chemical formula (Na;AIF¢).

s 4y
3- Hall process: is the major industrial process for aluminum extraction in the

& @i &l
present time. It is the best and reliable process and is widely

used in industry

Q\Why does Aluminum not occur as a free element in nature?
because of its high activity.

Q\ Explain the process of Extraction of Aluminum (Hall process)
Liilass AL Ay WAl 5 Jsanlt
1- The Bauxite (AL,05.2H,0) is chemically purified to exclude impurities to obtain
Lisa gl)

-

pure aluminum oxide (AL,03) (alumina) which has a high melting point.

. . . - . M - M
2- alumina is melted it in molten cryolite. The molten cryolite decreases the

answer
why

melting point of alumina.
Cuay Al s PINES Uk
3- The molten, then, is poured in an electrolytic cell. As the current passes
aS) A
through. Aluminum accumulates at the bottom of the cell.
i Liag &t
4- Then, the molten aluminum is puIIed gradually.

Mob: 077118241751
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LAY Mo el aa) i)

graphite anodes

graphite
cathode
(cell lining)

molten aluminium
steel cell

ore
dissolved
in molten
cryolite, at
about
950°%

molten
aluminium
out

Iron cathode
Graphite lining
Molten alumina

(aluminurm oxide)
and cryolyte

Molten
Drain plus alurminum
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Q\ What are the properties of Aluminum?
1. Aluminum is silvery metal
2. It has low density

3. Itis a good conductor for heat and electricity.

Q\ Give the reason.
5 4aal) dagie  faall

1- The aluminum element has the ability to resist rust. This does

not happen with iron.

J oAy
Aluminum when exposed to air, it is covered with a thin layer of its oxide
- L oe Sﬂf e.‘
which sticks firmly to its surface and prevents further oxidation.

Q\ Complete the chemical equations with the balance.
Aluminum powder’ + oxgyengas -

4A1 + 30, > 2AlL,0:; + energy

Aluminum powder + Iron (lll) oxide >
2Al + Fe;0;3 2> AlLbOs; + 2Fe + high temperature

Gaseous Aluminum + dilute hydrochloric acid =
2Al + 6HCI > 2AICl; + 3H,

Mob: 077118241751
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Q\ Explain Thermite reaction

Q\ Aluminum is a reducing agent

1. Put a mixture of aluminum powder and
Iron (lll) oxide Fe,0; in a crucible with

some sand.

E3

by )l
. Also, put a tape of magnesium of an

s byl
appropriate length in the container and light the end of the tape and keep

a distance from the container not less than three meters.

. notice the reaction between the aluminum powder and iron (lll) oxide

8 g
.. The reaction is so vigorous with a great amount of heat, shiny flame and a

B e
lot of sparks.

. The reaction results in molten iron as the aluminum reduces iron (Il)
3.l 3
oxide and releases molten iron due to excessive heat, this reaction is

called "Thermite process"”, as in following formula:

4Al. + Fe,035 = 2AlL0; +  2Fe + High temperature

Q\ What are the uses of Thermite reaction

asad Apaal) dCull lusad
1- This reaction is used in welding steel machines and railways bars.

LAl
2- Aluminum is also used to extract some metals from their ores which exist

in the form of oxides.

Q\ Why is Aluminum used to extract metals from their oxides?
Because Aluminum is a reducing agent.

Mob: 077118241751
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Q\ Explain reaction of aluminum with acids and bases.

Q\ Explain Amphoteric Behavior of aluminum.

2834
1- Aluminum reacts with dilute hydrochloric acid easily to produce hydrogen

gas and aluminum chloride component.

2- Aluminum does not reacts with both conceﬁﬁ'ated and dilute nitric acid
continually.

3- Aluminum reacts with basic solutions like sodium hydroxide or potassium

hydroxide to release hydrogen gas and aluminum salt

Q\ Aluminum does not react with both concentrated and dilute

nitric acid continually. Why?
: oA
Q\ Using aluminum containers for storing nitric acid. Why?

dad
- aluminum oxide (Al,0;) forms a layer which isolates the acid from

the metal, therefore the reaction stops.

Q\ Why is the behavior of aluminum called Amphoteric behavior?

-: When the aluminum interacts with the bases and the acid

releases hydrogen gas and aluminum salts.

Q\ When the aluminum interacts with the bases and the acid, will
release hydrogen gas and aluminum salts. Why?

- Aluminum has Amphoteric behavior

Mob: 077118241751
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Q\ why does aluminum with "self-protection"” protect itself against
erosion?

Gapl Ll Ak
Because when the aluminum exposed to air, it forms a thin but firm layer of

aluminum oxide which sticks to the metal and protects it from oxidation

Q\ Iron isn’t a metal with "self-protection" against erosion. why?
st . -
Q\ Why does the erosion continue with iron ?

Because the thin layer of iron oxide (erosion) is very thin and fragile, it lets

air, oxygen and humidity penetrate the metal.

Q\ what are the usages of Aluminum

: . 0 BT
1. Aluminum can be used in electrical wires.

2. thin layers of aluminum are used to foods, medications
3. making various shapes and sizes of cans.
4

: ]
. Thin aluminum alloys are used to make kitchen utensils, plates (Fafon),

chairs

. Aluminum alloys are also used to make cans and containers to preserve
liquids at a very low temperature such as oxygen, argon and nitrogen
reserve

. it'is mixed with elements to making alloys, such as lead, copper, zinc and

magnesium.

Mob: 077118241751
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Q\ Aluminum is used in electrical wires in on a limited level
. Tush g palily
- is expands and shrinks 39 % more than copper when expose to

the same heat.

Q\ Define the Fafon
gl

Fafon : Aluminum aIons are used to make kitchen utensils, plates, chairs
and many other products in lraq.

Q\ Aluminum alloys are used to make cans and containers to preserve
liquids at a very low temperature such as oxygen, argon and

nitrogen reserve . why?
- of the fact that the lower the temperature the harder aluminum gets

Q\ what elements which mixed with aluminum to make alloys?
They are Lead, Copper, Zinc and Magnesium.

Q\ list the Aluminum alloys?
o ssiall
1- Duralumln Alloy 2- Aluminum Bronze Alloy

Q\ define: Duralumin Alloy and Aluminum bronze Alloy
1- Duralumin Alloy: 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
& yildaly sl
used for building aircraft pa?ts

2- Aluminum bronze Alloy: This alloy consists of a small percentage of
aluminum and a hlgh ratlo of copper and other metals sometimes. It is
characterized by re5|stance to erosion, its color changes according to

\
colors of its component parts, ranJgfng from copper color to gold color

LSRN

and silver color, therefore it is used to make decoration materials.

Mob: 077118241751
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Q\ Compare between Duralumin Alloy and Aluminum bronze Alloy

Duralumin Alloy Aluminum bronze Alloy
consists of a high percentage of consists of a small percentage of

aluminum and a small amount aluminum and a high ratio of copper

ratio of copper and magnesium. and other metals sometimes.

It is characterized by resistance to

It might contain manganese as R X
erosion, its color changes according to

well. This alloy is light and hard colol dllits component pts:

it is used for building aircraft parts. | it is used to make decoration materials.

Q\ Why is Duralumin Alloy used for building aircraft parts?

Because This alloy is lightiand hard.
Q\ Why is Aluminum bronze Alloy used to make decoration materials?
Because its color changes according to colors of its component parts.

Q. / What are the most important aluminum compounds with chemical
formula?

1- Aluminum hydroxide Al(OH);
2- Aluminum Oxide Al,03
3- Alum ) KA|(504)2.12H20

Q\ How can you prepare Aluminum hydroxide Al(OH);
It is result of a reaction between aluminum aqueous solutions of aluminum

salts like (aluminum sulfate) Al,(SO,); with sodium or potassium hydroxide

Aluminum hydroxide is a white gelatin material insoluble in water.

Mob: 077118241751
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Q\ How can you prepare the Aluminum Oxide Al,03?

by heating of aluminum hydroxide a formula as in the following

2AI(0H); _A

Al,0; + 3H,0

Q / How can you prepare the double salts (alum)?
1- Two equal amounts of aqueous aluminum sulfate and potassium sulfate
are mixed
2- Allow the mixture so that water evaporates
3- The result would be salt crystals containing aluminum sulfate & potassium
sulfate along with crystallized water molecules in a fixed mass ratio.
4- The general formula for Alum is KAI(SO4),.12H,0. It is also called

Potassium alum.

Q\ Define Alum.

Alum: is one of aluminum compounds with

general formula for Alum is KAI(SO,),.12H,0. It is also called

Potassium alum.

Q\ What are Alum usages?

Aqdra sala ol

1. As a Sterile material for wounds.
ol G Gl Gl gudal
2. Itis used to make dye permanent on textiles

3. In purifying drinking water.

Mob: 077118241751
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Q\ Why is alum used to sterilize some light wounds?

L . il o zod
because it dissolves in water and Al(OH); deposits on the wound and stops

blood so it clot.

Q\ Explain Test of Aluminum ions in Solution of Aluminum Compounds?

Q\ How can you identify Aluminum ion in its compounds?

Aluminum ion is identified in its compounds by basic solution such as
sodium hydroxide or potassium hydroxide whereby they react with

aluminum ion Al to form a white gelatin deposit which is aluminum

hydroxide Al(OH); as in the following formula:

APF*  + 3NaOH AIOH),| + 3Na'

Aluminum ion  Sodium hydroxide Aluminum hydroxide Sodium ion

For example:
AICI, + 3NaOH — Al(OH),| + 3NaCl

Q\ Why is Al(OH); dissolved when sodium hydroxide NaOH is added?

because dissolved sodium aluminate is formed.

Q\Why is Al(OH); also dissolved when an acid is added?

because of the amphoteric behavior.
oaxy (el Jlal) & 5 (e (AR

Goth b Aliaal) o SM & 5 e AR
G AY)

Mob: 077118241751
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@ CHAPTER QUESTIONS

Which of the following is not found in group llIA.

@ a) :1Ga b)13Al c) 1o Mg d) sB

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 c)Oxidizing agent

2-What is the percentage of aluminum in aluminum bronze alloy?
a) High b)Small ¢) 100 %

3- Galium Ga is a member of group ( first, second, third)
@ 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 it is 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 Aluminum oxide,

energy, water.

4- Salt composed from potassium and aluminum elements called
Alum

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

Mob: 077118241751
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Explain the extraction of aluminum and draw the figure.

1- The Bauxite (AL,05.2H,0) is chemically purified to exclude impurities to
e dpaal Lsa gll
obtain pure aluminum oxide (AL,0;) (alumina) which has a high melting

point.
2- alumina is melted it in molten cryolite. The molten cryolite decreases the

melting point of alumina.
ey iy s 418 g
3- The molten, then, is poured in an electrolytic cell. As the current passes
SIS
through. Aluminum accumulates at the bottom of the cell.
ey L
4- Then, the molten aluminum is pulled gradually.

Iron cathode

graphite anodes

graphite
cathode
(cell lining)

molten aluminium gluminum
steel cell out

Select from list what fits each statement in the list (A)
List A List (B)
1- An element with amphoteric behavior. Aluminum
2- A reaction in which Aluminum reacts as Thermite
reduced agent and releases high heat
energy that dissolves iron.
3- Aluminum oxide Alumina
4- Double salt of potassium sulfate Alum
and aluminum

5- One element of group IlIA which is Boron

semi metal

Mob: 077118241751
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Q\ Solutions are important in chemistry science with a great extent,
especially liquid solutions. Why?

because they are the medium for chemical reactions, whereby they help

to happen interaction among reacting substances.

Q\ Define:

Solution: It is a homogeneous mixtures composed of two or more pure
substances having no chemical reaction between them.
Solvent : is substance with majority in the solution.

Solute: material with less existence in the solution.

(Solute) i . /
e SOLUTE

[ /‘\
) (

Solution

Solute + Solvent == Solution

Mob: 07711841751
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Q\ List Types of Solutions.
The most important and most common are liquid solutions, i.e.,

when the solvent is liquid. =
KOH %
* solutions can be prepared by dissolving

a solid material in a liquid, as in the case of

dissolving salt (NaCl) in water to get the saline

solution or dissolve sodium hydroxide in water

(basic solution).

* From dissolving liquid in another liquid, like

dissolving alcohol in water.

* 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).

HCl —=22__3HCI
Hydrogen chloridegas  Solution of hydrochloric acid

**dissolving gas in another gas like air.or a solid solution in another

solution like variousalloys, mostly coins and gold alloys.

Mob: 07711841751
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Q\ What are the reasons - the different names and nature of
solutions?
Nature and Names of solutions vary according to the amount of
the solvent and the solute and also the nature of the dissolving

process.

Q\ Define the following :

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.

Super saturated solution: Is the solution in which amount of the solute

is greater in any solution that the solvent is able to dissolve it under normal

conditions and this kindof solution is not stable.

Unsaturated solution: is the solution which contains less amount of the

solute that is required for saturation at a particular temperature and

pressure.

Electrolytic solution: in this solution the solute molecules ionize in

the solution. The solute can be strongly ionized

or weak electrolyte

Mob: 07711841751
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Strong electrolyte: its molecules are completely

ionized in the solution like hydrochloric acid

HCl —22° o H' + CI

Weak electrolyte: its molecules are partially,

moderately or slightly ionized like hydrofluoric acid,

whereby it slightly ionizes in the solvent, its ions are at

equilibrium with the non-ionized molecules.; HF =—=H"

Note: reversed arrows indicate that the slightly ionized

substance is at equilibrium with the resulting ions.

non-electrolytic solutions : compounds whose molecules don't ionize

at all, such as sugar or ethyl alcohol in water.

Q\ What are the differences between electrolyte and non-electrolyte

solution?

Electrolyte solution non-electrolyte solution

Mob: 07711841751
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solution

non-

A Electrolytic

weak strong such as
such as HCI such as HF | | sugar

——

Q\ Define 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.

NBtE: Solubility varies according to the nature of the solute

and the solvent, temperature and pressure.

Q\ What does solubility depend on?
1- nature of the solute and the solvent.
2- temperature.

3- pressure.

Mob: 07711841751
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Q\ why?
1- The salt crystals dissolve faster if the beaker is shaken, when

a small amount of table salt is added into water in a beaker.

because the process of shaking helps to contact the surface of

crystals with water even greater.
2- Do we stir tea with a spoon when sugar is
added?

because the process of solubility has to do with

surfaces which are exposed to dissolution.

3- Sugar powder dissolves faster than lumps of sugar?

because the surface of the powder is greater exposed to the solvent

Q\Fill in the blanks:
1- thenature of polarity determines its solubility.
2- Like dissolves like.

3- Polar solvents dissolve polar solutes and vice versa.

Q\ Define insoluble substance:

Insoluble substance: is a matter which doesn't dissolve. No matter how

long they are left in the solution or how hard they

are stirred.

Mob: 07711841751
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Q\ why is Sugar in the hot liquid dissolves faster than that in the
cold liquid.

because the motion energy of the liquid molecules increases, making it

more likely to collide with surfaces of sugar crystals.

i A) Sugar dissolves in cold water
slowly.
B) Sugar dissolves in hot water
quickly.

Q\Fill in the blanks:

1- gaseous materials;their solubility are increases when the
pressure of gas on the surface of the solution increases.

2- in carbonate beverages, the concentration of dissolved

carbon dioxide CO, in the liquid depends on the pressure of

CO, on the surface of the beverage.

3- in Soft drinks when the cover isremoved, CO,
pressure will decrease and making it less

soluble, bubbles are formed and move up in the

liquid.

Mob: 07711841751
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Q\ When the cover is removed in Soft drinks, bubbles are formed
and move up in the liquid. Why?

because: CO, pressure will decrease and making it less soluble

Q\ Define the following:

1- concentration of the solution: it is the amount of solute in a particular
solvent or solution.
2- Dilute solutions: Solutions with relatively small amount of solute.

3- Concentrated Solutions: solutions with large amount of the solute.

Q\Fill in the blanks:
1- The concentration of tlje'solutiop can be descriptively or

qualitatively expressed.

2- A concentrated solution can be changed into dilute by adding a

larger amount of the solvent.

Q/How can the concentrated solution be converted to diluted

and vice versa?

diluted solution + Solute - concentrated solution

concentrated solution s + Solvent - diluted solution

Mob: 07711841751
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Q\ Define Concentration by Mass percentage:

Concentration by Mass percentage: It is the number of grams of the
solute which are dissolved in 100 grams of the solution. The percentage
of mass ratio of the solute and the solvent is calculated as follows:

mass of component

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

D il il dall 40 4 gial) dpadl) cilbaad
mass of solute (ml)
mass of solution (mT)

percentage concentration of solute = x 100%

P addiiod cudall 4Kl 4 gial) dpndl) luad
d mass of solvent (m2)
mass of solution (mT)

radding J slacal) AL Ciliial

|

percentage concentration of solvent = x100%

han Jaa Laga pl g1 o8
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 Example4-1 |

What are the ratio of the solute and the solvent of a solution

made of 15.3 g of salt dissolved in 155 g of water.
Solution:

Mass of solute: m;=15.3g , Massof solvent:m,=155g

Mass of solution mr=m+my | = 15.3+155=170.3¢g

mD) + 100% A solvent% = 2 x 100%

mr) (mr)

15.3 155

g —>° 0 — 1>
solute% 703 x100% solvent% s X100%

15300 15500

0f = 0) 0fy — 0
solute% 703 )0 solute% 03 Yo

solut% =

solute% = 8.98% [ 18 solute% = 91.02%

kg,g,mg ;@M\ Gilda g

<+ 1000 +1000

% 1000 x 1000

Mob: 07711841751
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[ Exercise 4-1 J

A solution is formed by dissolving 48.2 g of sugar in 498 g of
water. What are the mass ratio of sugar and water in the solution?

Solution:
Mass of solute: m; =48.2g Mass of solvent: m, =498 g
Mass of solution mr=my+m, | = 48.2+498 =546.2¢

solute% = Emli x100% A solvent% = EmZ) x100%

mr mr)

48.2 498

Yy £ %< 0 _ 498
solute% 162 x100% solvent% rc; X 100%

48200 49800

o) — 0 0 — 0
solute% 162 )0 solvent% 193 Yo

solute% 8.82% \Wop

solvent% = 91.18%

 Example4-2 |

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?
Solution:
solute% = 4% , Massof solute:m;=20g , Mass of solution my=?g

mass of solute (my)

0
mass of solution (my) N

mass percentage of solute =

20
solute% = — x100%
my
B 2000

mr = — —

Mob: 07711841751
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[ Exercise 4-2 ]

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

the mass ratio of the acid and water in the solution?

Solution:

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

Mass of solution mr=my+tmy | = 20+80=100g

solute% = (my) x100% A solvent% = (mg) x100%

(mr) (mg)

20 80
/A A 0 _ 80
solute% = 100 x 100% solventY% = o5 X100%

solute% = 20% solvent% = 80%

\/

Jal) Cra (38aill daga Adaada
%100 = Gudall g iiall 4 gial) dodl) £ gana (68 o)) i

solute% + / solvent% = 100%

H.W
30 g of hydrobromic acid and 100 g of solution. What is the

mass ratio of water in the solution?

Mob: 07711841751
14




Mahmood Ali AL-Najm A Chapter four
%x Solution

15

Baghdad College s and Expression
High School for Concentration

Q\ Define Concentration by volume percentage:

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.
D addied Cldall dranald) 4 glal) Luadl) cilaad

Volume of solute (v;)

0
Volume of solution (vr) x 100%

percentage concentration of solute=

D addied culall Lnanal) 4 giall dpudl) Glual

Volume of solvent (v;)
Volume of solution (vy)

saddicad J slaal) aaa Giluad

[ Vi) et Vz ELLICE V1 (e) }

x100%

percentage concentration of solvent =

L,mL,cm? : & aaall ciasgg

dadll gl u)d\;\,,\hcdﬂawead\ Gda g Jagad GSay alaadls

Gl dgles asiind cm? gl mL Y)Y L SV e Baagl) Jasali Alla B e
1L = 1000 mL
1L = 1000 cm®
1mL=1cm?

Llee ardiad L Y N em® 5l mL i) s.u,s\o‘mmafugé .
1000 = 4audll
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[ 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.

Solution:

Volume of the solute: V, = 20 mL.,.Volume of the solvent: V, = 30 mL

Volume of the solution V; | V= V1+V|2 =20+ 30=50mL

solute% = W) x100% A solvent% = 2) x100%
V) V)

solute% = % x100% solvent% = % x 100%

2000 3000
solute% = o Yo Lidl solvent% = =0 %

solute% = 40% solvent% = 60%

U

 Example4-4 |

What is the volume of ethyl alcohol expressed in mL that is
required to be added into water so that the total volume of the

solution would be 50 ml, and its percentage of volume would be
80%.

V
solute% = EV% x100
T

v,
0% = — x 100°
80% 50x 00%
V, = 40mL

Mob: 07711841751
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[ Exercise 4-3 ]

If 80 mL of pure water is added to 20 mL of sulfuric acid, what
will be percentage of volume for both sulfuric acid and water?
Solution:

Volume of the solute: V; = 20 mL , Volume of the solvent: V, =80 mL

Volume of the solution Vy [Vs=V#Va} =20+ 80=100mL

solute% = (V1) x100% 4 solvent% = 2) x100%
Vr) V)

y 20 _ ﬂ
solute% = Too X 100% solvent% = o0 ¥ 100%

2000 8000
solute% = — 9 solvent% = — 9
/o 100 /o % 100 %

solute% = 20% v

solvent% = 80%

Expressing Concentration by Mass / volume:

) mass of solute m,
concentration(g/L) =

volume of solution vy

Q\ Define of density

Density : is the unit for volume mass. If density is symbolized by the Latin

character (p), density is expressed by the following relation:

_ m(g)
p(8/L) =

Other units can be used for volume like (mL) or (cm®)

density(g/L) = mass (9)

volume (L)

Mob: 07711841751
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 Example4-5 |

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.

Solution:

ption (/)% — e
concentration g = vT = 0. 5

[ 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

Solution:

_ mz (g9)
p(8/L) = S5

27.5 + 175 = 202.5g

lute% = 27.5 100%
solute% = o= X 0

27500

solute% = 0
/0 2025 /o

Mob: 07711841751
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[ Exercise 4-4 ]

What should be mass of sodium hydroxide dissolved in 1 L of
pure water in order to obtain a solution with 0.5 g/L

concentration?

. my
concentration(g/L) = e
2
W e
~ 0.5

my = 0.5g

1

[ Exercise 4-5 ]

KCl is 5.80 % by mass in a solution Calculate mass of KCl in
0.337L of the solution. (Suppose fhat density of the solution is
1.05g/mL.)

Solution: V1) = 0.337 X 1000 = 337 mL

_ . mr (9)
p(8/L) = 5

mr

1.05= —
337

"ll
solute% = — x100%
mr

mq
5.80% = ————— X 100¢
/o 353.85 %

m; = 20.52g

Mob: 07711841751
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' VN
/ CHAPTER QUESTIONS l

w

4-1 Describe the following:

Solution - concentrated solution - concentration by age Solution

saturated solution - solubility - electrolytic mass percentage
concentration in volume percent

4-2 1-Which answer is true example for solid solution?

a) Juice b) Coin c) Salt solution

2-What is the definition of weak electrolyte solution?
a) If solute ionize completely in solvent.

b) If solute not completely ionize in solvent.

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.

Mob: 07711841751
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4-3 Compare the following terms:

a) Dilute and concentrated solution.

Dilute solution concentrated solution
Contains a relatively small
amount of solute
Can be converted to diluted by It can be converted into a concentrated
adding amount of solvent by adding amount of solute

Contains a large amount of solute

b) Weak electrolytic and strongly electrolytic solution.

Weak electrolytic strongly electrolytic
dissolved molecules are fully dissolved molecules are completely
ionized dissolved
its ions are at equilibrium with the its ions aren't at equilibrium with the
non-ionized molecules. non-ionized molecules.
HF =—H" + F HCl——H' + CI

c) Super saturated and unsaturated solution.

Super saturated solution unsaturated solution

amount of the solute is greater in

. contains less amount of the solute
any solution that the solvent

It is able to dissolve it under It is required for saturation at a
normal conditions particular temperature and pressure

this kind of solution is not stable. this kind of solution is stable.

Mob: 07711841751
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4-4 There is 19 g dissolved matter in 158 g solvent, find mass percentage
of the matter.

Mass of solute: m; =19g , Mass of solvent: m, =158 g

Mass of solution mr=mytmy | = 19+158=177g

solute% = % x 100% A solvent% = [(mz2) x100%

(m7)

19 158
0/l A 0 _ 158
solute% = - x 100% solvent% = - X100%

1900 15800

o, Y0 ¢ 0 — 0
solute% T 0 solvent% e Yo

solute% = 10.73% solvent% = 89.27%

\Y 4

4-5 5g of copper sulfate is dissolved in 20 g of pure water, calculate mass
percentage of solute and solvent.

Mass of solute: m, =5g , Mass of solvent: m,=20g

Mass of solution mr=my+m, | = 5+20=25g

solute% = g x 100% A solvent% = (m2) x100%

mr) (mr)

5
solute% = - x100% solvent% = % x 100%

500 2000

o — 299 o o/, — 2000 ,
solute% oc ) solvent% T Yo

solute% = 20% solvent% = 80%

Y/

Mob: 07711841751

22




Mahmood Ali AL-Najm - - Chapter four
Baghdad College £E  Solutions and Expression
High School for Concentration

4-6 How many liters of water is needed to add 10 g of potassium

hydroxide to obtain a solution with 2.05 g/L concentration?

m
concentration(g/L) = 71
2

10
2.05= ", = 4.87L

4-7 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: V, =25 mL_, Volume of the solvent: V; =75 mL

Volume of the solution Vy | Vi= V1-i-\42 =25+75=100mL

solute% = ) x100% A solvent% = 2) x100%
V) V)

_ 25 ) 75
solute% = Tod X 100% solvent% = Too X 100%

2500 7500

04 D 0 0/ — = 0
solute% o )0 solvent% > )0

0fy — 0
solute% 25% \Y_}

solvent% = 75%

Mob: 07711841751
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4-8 : Calculate the mass percentage of NaCl in the solution, if 15.3 g NaCl
and 155.09 g water are mixed.

Mass of solute: m; =15.3g , Mass of solvent: m, = 155.09g
Mass of solution mr=my+m,; |= 15.3+155.09=170.39¢g

solute% = % x100% A solvent% = ELZ) x100%

mT) mT)

15.3 155.09
0fy — 0 ong-2 0
solute% 17039 X 100% solvent% = =-=5 x100%

1530 15509

0 o= 0 0 =
solute% 7 35 o solvent% 17039

solute% = 8.98% solvent% = 91.02%
\\v 2

4.9: A solution is prepared by dissolving 27.5 g of methyl alcohol in
175 mL water. Calculate the concentration of the solution in g/L.

= 0.175L

%

) 1) LA
concentration(g/L) ¥ 000

trat L= = = 15714 g/L
concentration(g/L) 7 0175 g/

4-10 : 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.)

Vimy = 28.6X1000 = 28600 mL

@)
p(g/mlL) = =5

mr
28600

1.03 =
mr =29458 g

m
solute% = 1 x100%
myr

8.5% = 2;’;158 X100% > m;= 2503.93g

Mob: 07711841751
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4-11 mass percentage of sugaris 11.5% in juice also juice contain 85.2g
sugar, what is the volume of juice?( p siution = 1 g/mL)

m
%solute = m—l x100%
T

%11.5= 229 = 740.87g
T

. mr (9)
p(g/mL)= "
740.87

1= G
Ve =740.87 mL

4-12 what are the factors that effected on solubility ?
1- nature of the solute and the solvent.

2- temperature.

3- pressure.

4-13 calculate the mass percentage concentration of the following solution:
a) 10.2g NaCl in 155g of water.

Mass of solute: m; =10.2g , Mass of solvent: my=155¢g

Mass of solution mr=my+my | = 10.2+155=165.2g

solute% = LIV x100% A solvent% = (mg) x100%
(mry) (mry)

10.2 155

0fy — " 0 "
solute% = g X 100% solvent% = ==

1020 15500

solute% 1652 ) solvent% 1k

x100%

%

solute% = 6.2% solvent% = 93.8%

\¥»./

Mob: 07711841751
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b) 48.2g sucrose in 498g of water.

Mass of solute: m; =48.2g ,

% Solutions

Chapter four
and Expression
for Concentration

Mass of solvent: m, =498 g

Mass of solution my =

m1+ my

48.2 + 498 = 546.2g

solute% =
(mT)

8.2

0 4_ 0
solute% = 162 x 100%

4820

0f — 0
solute% =¥ % Yo

solute% = 8.8%

) 1009

(mjy)

(mr)
498

5162 X 100%

49800
546.2

solvent% = x100%

solvent% =
solvent% = %

solvent% = 91.2%

\¥v./

c) 0.245g acetic acid in 4.91g of water.

Mass of solute: m; =0.245g

’

Mass of solvent: m;,=4.91¢g

Mass of solution

mt =m¢+ My

0.245 +4.91=5.155g

solute% =
(mT)

0245

0
5.155 7 100%

solute% =

0
5 155 /0

solute% = 4.75%

solute% =

(my) 100%A

(my)

(mf)

4.91
5.155

solvent% = x100%

solvent% = x100%

491

0
5.155 /o

solvent% =

solvent% = 95.25%

\¥v.»

4-14 find mass percentage of sugar which contains 309 grams water and

45 grams sugar.
Mass of solute: m, =45g -

Mass of solvent: m, =309 g

Mass of solution

mt =mq+ My

45+ 309= 354g

(my)

solute% = x100%

solute% = % x100%

4500

o2 N0

0,
solute% = -

solute% = 12.71%

Mob: 07711841751
26




Mahmood Ali AL-Najm Chapter four

Baghdad College £E  Solutions and Expression
High School for Concentration

4-15 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?

solute% = (m1) x 100%

(mT)

0fy = —1 0

3.5% = 274Xl()()/o
_ 100m,

3.5% = 2= %

3.5X274

v 48
1 100

= 9.59g

4-16 Find the volume of alcohol in milliliters present in the following solution:
1- 480 ml of a solution containing 3.7 % volumetric percentage of the alcohol.
(V1)

0fy — —— =2 0
solute% ) x100%

_ V1
3.7% = 280 X 100%

3.7 x 480

V=
1 100

Vi= 17.76 mL

2-103 ml of a solution containing 10.2 % volumetric percentage of the alcohol.

solute% = W) x100%
V)

_ 5
10.2% = 103 xXx100%

10.2 x103

V, =
1 100

V1 = 10.5mL

Mob: 07711841751
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3-0.3 L of a solution containing 14.3 % volumetric percentage of the alcohol.

VT =0.3x1000
=300 mL
solute% = W) x100%
V)

o = /1 0
14.3% = 300 x100%

14.3 x 300

Vi= 100

Vi= 42.9mL

4-17 How many grams of KCl is present in each of the following solutions?

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

solute% = (m1) x 100%

(mrt)

_ my
1.08% = —2= x100%

100m
19.7

| 1.08x19.7

177 100

1.08% = %

= 0.21g

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

(mq)

solute% =
(mT)

x100%

— M1
18.7% = 37 X 100%

100m,
23.2
18.7x23.2
100

18.7% = %

m, = =0.21g

Mob: 07711841751
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¢ ) 38 mg solution consists of 12 % solute by mass.

my=38x1000 =3800g

solute% = Emli x 100%
mr

0 — M
12% = 3800

100m,
3800

12 x 3800
100

12% = %

4-18 Fill in the blanks:

Mass of Mass of Mass of Percentage of
solute solvent solution solute

4-19Fill in the blanks:

volume of volume of volume of Percentage of
solute solvent solutlon solute
25.0mL 27.55mL
115.9 mL 120.52 mL

25.82mL 27.2mL
384.9 mL 408.6 mL

cila oy Yy Gatedl Ay o il sl QS dall @ ATl cyllh N Lgah gliad 3l g (L B all S ) sl o3a e
(Lt ) Jall el ghad
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Group TVA 4ualdl) 5 s 3l

Q\ List The elements of IVA group.
Carbon (C), Silicon (Si), Germanium (Ge), Tin (sn), lead (Pb).

13 14 15 16 17
IMA IVA VA VIA VIA

0| F

3 4 5 & 7 8% 9% 1 n [0 "'l
MB IVB VB VIB VIB,«— VIIB —» B 1B C

21 22 23 24 25 26 27 28 29 30 2 33 3 35

Sc|Ti|V |[Cr|Mn| Fe| Co| Ni | Cu| Zn ‘ Br

39 40 41 {2 43 44 45 46 47

Y | Zr| Nb| Mo| Tc | Ru| Rh| Pd| Ag| Cd| In | Snf Sb| Te| I

57 72 73 74 75 76 77 78 79 § 2 3 85
La| Hf| Ta| W| Re| Os| Ir | Pt | Au | Bi At

89 107

Ac| Rf | Db| Sg | Bh| Hs| Mt | Uun

Q\ Fill the blank
Group |VA is more various and numerous in the
characteristics of its members than other groups in

the periodic table.

Mob: 077118241751
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Q \ What are the general characteristics of group IVA

1.

Carbon is nonferrous (non- metals), silicon and germanium are metalloid

and tin and lead are pure metals.

. Tin and Lead have the physical characteristics of metals such as high

density and thermal and electro conductivity together with bright color
Ao pall
and high malleable and ductile prone.

. The melting and boiling points of group IV elements also decrease as we

go from the top to bottom.
Adal g9

. The elements of this group tend to combine four electrons via making

covalent bonds to reach the tetra-oxidation case (+4).

. Silicon and carbon compounds are actually covalent compounds of tetra

oxidation.

. Germanium, tin and lead make ionic and covalent'.compounds.

. In'the ionic compounds, only two electrons are lost to make Ge*?, Sn**and

Pb*%

. The elements of this group whether metalloid or non-metals, have low

level of activity.

. They react with the nonmetals such as oxygen but they need heat to do so.

Q\ The fourth group is characterized as the most diverse group in the

characteristics of its elements, why?
Because Carbon is nonferrous, silicon and germanium are metalloid and tin

and lead are pure metals.
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Q\ Why do melting and boiling points of group IV elements decrease

as we go from the top to bottom?

Because of the increase in atomic number of the same group.

Q\ IVA group elements need to gain, lose or combine 4 electrons why?

Because : to reach the stable electron configuration.

Q\ why do elements of IVA group tend to combine four electrons via

making covalent bonds to reach the tetra-oxidation case (+4).

Due to the difficulty of gaining or losing four electrons.

Q\ when do Germanium, tin and lead make ionic compounds?

In the ionic compounds, only two electrons are lost to make Ge*?, Sn*?and Pb*?

Q\ IVA group elements react with the nonmetals such as oxygen but

they need heat to do so, why?

because , they have low level of activity.

Mob: 077118241751
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Silicon ¢ gSaluad)

Q / Give the following to the Silicon element: chemical symbol,
atomic number, mass number and then draw, the electronic

configuration.
Si
14
28
1s® 2s? 2p° 3s% 3p?

chemical symbol

atomic number Z

mass number A
electronic configuration

N f
umber of proton 2 B =

Number of electron
n=A-2

n=28-14
n=14

Number of neutron

Q\ why are most of silicon compounds covalent compounds?

because silicon has four electrons in its outer shell.

) 8 @ Jlaial

Q\ Where does the Silicon element occur?

1. It constitutes more than one quarter of the earth 's crust , approximately

28 %
2. It does not occur as a pure free element in nature.

3.

It is most widely distributed in rocks as silicon dioxide (SiO,).

4. Itisin the form of quartz and sand.

Mob: 077118241751
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Q\ How many forms of silicon element?

1. The first form of silicon is crystallized of dark

brown color. e a8 Juadal

. The second form is non-crystallized of dark Figure 5-3
Types of silicon

gray color. A) crystallized
B) non-crystallized

Q\ Which one is more active ? crystallized form or non-crystallized .

The crystallized form is less active than the non-crystallized one. Both

forms have a formula similar to diamonds.

Q\ compare between crystallized form and non-crystallized

crystallized non-crystallized

Q\ How can you prepare Non-crystallized silicon and The crystallized

silicon In Laboratory?

Non-crystallized silicon can be produced by heating potassium element in silicon

tetra fluoride (SiF4) according to the following equation:

SiF, + 4K 2> Si +4KF

The crystallized silicon can be obtained by melting silicon in aluminum then

cooling the solution, and silicon crystals can be separated from the solution.
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Q\ How can you prepare Silicon industrially?
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:

o0, 3 I eal) Rebi

Q\ what are the physical properties of Silicon?
1. Silicon is a metalloid.
2. Itisa very rigid element, with a high melting point of approximately
(1410 °C).
. It has a gray color and a metallic luster.

. Itis also a semi conductor.

Q\ Silicon is used in manufacturing of electrical devices and
applications and also in computer industry , why?

Q\ Silicon is used in manufacturing solar cells, why?

because It is a semiconductor.

Q\ Fill in the blanks:
. Silicon does not react with most acids.
. Silicon is very reactive with chlorine.

. Silicon is not prone to react at room temperatures. It reacts at (950°C).

4. Silicon and its natural compounds (silica and silicae) are not poisonous.
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Q\ Complete these reactions :
Silicon + aqueous solution of sodium hydroxide >
Si + 2NaOH + H,0 = Na,Si0O, + 2H,
Silicon + with chlorine 2>
Si + 2Cl, 2> SiCl,

Q\ what are the usages of silicon ?

1. itis used in manufacturing of electrical devices and applications and also
in computer industry.
. itis used in manufacturing solar cells.
. Electronics industry, electrical appliances and in
manufacturing solar cells.
. Metal bars used in different industries.

. Glass, cement and ceramics industries. Use of silicon in integrated

A, . ; circuit indust
. Organic silicon materials which are very 4

important commercially in the production of oils and plastics.

Q\ What are the most important of solar cells? -

Q\ What are the most important of silicon compounds?
a- Silicon compounds with hydrogen silicon hydrates.
(Silane) These compounds consist of silicon and hydrogen. SiH4 is an
example of such compounds.
b- Silicon compounds with oxygen . such as
* silicon dioxide (SiO,) ** silicates (-SiOs)

c- Silicones

Mob: 077118241751
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Q\ How can you prepare silicon hydride?

It is prepared by the reaction of magnesium silicide Mg,Si with the acids such

as hydrochloride as in the following equation:

Q / Prove by formula that silicon hydrides are very effective compounds.
Hydrates are so active compounds. For example silicon (IV) hydride burns
spontaneously in atmosphere and forms silicon dioxide and water as in the

following reaction:

SiH4 + 202 — SiOz + ZHZO

Q\ Define: silica or silicon di oxide
Silica: They are highly solid substances and are used in cutting glass

and scratching steel. With chemical formula SiO,.

Q\ Fill in the blanks:

1. Silicon dioxide occurs in nature as pure silica such as quartz and flints.

2. They are highly solid substances and are used in cutting glass and

scratching steel.

. The other form of silicon dioxide (Silica) (SiO,) is the impure silica such as

sand and clay.

. impure silica contains different quantities of impurities which give it a

wide range of different colors.
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Q\ Where does the Silicon dioxide occur?
1. Silicon dioxide occurs in nature as pure silica such as quartz and flints.

2. The other form of silicon dioxide (Silica) (SiO,) is the impure silica such as

sand and clay.

Q\ Silica (SiO,) are used in cutting glass and scratching steel, why?

because They are highly solid substances.

Q\ Silica has wide range of different colors, why?

because It contains different quantities of impurities.

Q\ what are the most important properties of silica ?
a) It is not reactive when reacts with chlorine, bromine, hydrogen most of
the acids.
b) It reacts with hydrofluoric acid and bases.
c) It reacts with oxides or metal carbonates by high heating. The resultant
compounds are known as (silicates)
d) Silica gel is mainly used as a drier due to its large surface and great ability

to absorb water.

Jeldl aie
SiO, + il musy) > L) clsl
SIO; + Sl wusgpap ——> Sl Gl + 5l
SiOp + Sl cligls = jll clslu + CO;,

Figure 5 - 7 Silica gel
as a desiccant factor

Q\ Silica gel is mainly used as a drier, why ?

Due to its large surface and great ability to absorb water.

Mob: 077118241751
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Q\ Define Silica gel:

Silica gel: is mainly used as a drier due to its large surface and great ability

to absorb water.

Q\ Where does the Silicate occur?
Silicate occurs so widely in nature sach as sodium silicate (Na,SiO;).

Q\ define water glass or liquid glass.

water glass or liquid glass: It is solution of sodium silicate and its concentrated

aqueous solution

Q\ Fill in the blanks:

1- Among types of silicates, sodium silicate is the most widely used.

2- It is soluble in water and its concentrated aqueous solution is called

"water glass" or "liquid glass".

Q\ what are usages of water glass or "liquid glass"?

1- Itis commonly used in various industrial fields such as providing passive
fire protection for textiles and papers.

2- ltis also used as a cheap adhesive

3- Cement can be strengthened by mixing it with sodium silicate in order to

be used in buildings.
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Q\ Define silicones , Silicon oils

Silicones : These compounds are organic compounds of silicon. They aren't

poisonous and are very stable along a very wide range of

temperature variation.

Silicon oils: are the most important of these compounds.

Q\ What are usages of the following:

Silicon oil , Silicone rubber and Silicone resin ?

Q \ Copmare between Silicon oils , Silicone rubber and Silicone resin

1- Silicon oils make the surfaces anti moisture and are used to cover the
roofs of buildings.

2-.Silicone rubber
a- maintains flexibility at a wide range of temperature variation.
b- It is used in manufacturing of molds and as a sealing substance in baths

and kitchens.
3- Silicone resin is used.in electrical insulation and in' making construction

materials water proof ,too.
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INTRODUCTION TO
ORGANIC CHEMISTRY

Q\ Define the Organic chemistry: Ul 3 393 30 &
Organic chemistry: is one of the branches of chemistry. It study the structure,

properties and interactions of compounds and organic

matter, i.e, substances containing the carbon element.

Q\why are the Carbon and some of its important compounds in

our life
Due to: it principal element in the molecules of living organisms
i
and their nutrition.
].:q . (v ol i 4
It also conf}lbutes in several aspects of our daily live (drugs,
s ghall
fragrances and paints and in what is known now as Organic

Chemistry.

Q\ Why are Organic compounds important in our lives?

because:
sl
1-All forms of basic food materials for human and animals, which are:

Sl g ind
proteins, carbohydrates, oils and animal and vegetable fat.

'SI n -
2- Many natural and synthetic products like Jia .h:

M
cotton, wool, natural and synthetic silk, paper and plastics. d‘-_g‘,‘;““J
asks adads
3- Fuel like petroleum, natural gas and wood.

4- Medical drugs as well as vitamins, hormones and enzymes.
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Q\ How can you prove presence of carbon in organic compounds
experimentally?

The following experiments can be used:
dnad
1. When lighting a candle or a piece of paper or (any organic material)

carbon dioxide, CO, is relJé;“sed which can be found by adding calcium
hydroxide solution, Ca(OH), which makes it tufsid, whereby calcium
carbonates are formed, CaCO;

. When sugar, an organic substance, is burnted
in a test tube, a black substance is formed
which is carbon. This indicates that carbon is

found in sugar as a component
Burning of sugar

Q\ what are the general features of organic compounds
(distinctive features)?
1. All organic compounds contain carbon in their compositions and

are subject to decomposition or combustion by heating,
particularly if heated to high temperature.

2. Atoms in the organic compounds are bonded by covalent bonds,
making them react slowly.

3. Many organic compounds do not dissolve in water but soluble in
some organic liquids such as alcohol, ether, acetone and carbon

tetrachloride.
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Q \ why do Atoms in the organic compounds react slowly?

because the atoms in the organic compounds are bonded by covalent bonds.

Q \ why do not Many organic compounds dissolve in water but soluble
in some organic liquids such as alcohol, ether, acetone and carbon

tetrachloride. H.W

Q\ Full the blank.

1. carbon has an atomic number of 6.
2. the outer shell (valence shell) of carbon atom contains four electrons.

3. each valence bond needs two electrons (one from each atom), carbon

atoms bind in the following way by four single bonds with hydrogen in a

methane molecule (CH,).

4, Ethylene has double bond and 4 single bonds Carbon atoms.

5. Acetylene has One triple bond and two single bonds.

6. The chemical of methane molecule is CH,, sl ) cilal€l) Jaial

7. The chemical of Ethylene molecule C,H, EIAN (A (gl

8. The chemical of Acetylene C,H, »adY) Gl A Jaial
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Q\ There are thousands of organic compounds in nature and can also

be synthesized as well. Why?

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.

Q\ define the following:
Hydrocarbons: is compound containing carbon and hydrogen only.
either saturated or unsaturated.
such as Methane CH,, Ethylene C,H,, Acetylene C;H,

Alkanes: one types of saturated hydrocarbon compounds organic compounds
contain single valence bonds. such as Methane CH,

Alkenes: one types of unsaturated hydrocarbon compounds organic compounds
contains double bonds between carbon atoms.
such as ethylene molecule (C;H;)

Alkynes: one types of unsaturated hydrocarbon compounds organic compounds

contains triple bond between two carbon atoms.
such as Acetylene molecule (C;H,)
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Q \ Draw the structural formula of the following molecules:
1- Methane molcule

| ®

P

2- Ethylene molcule

3- Acetylene molcule

Fl=le=t=h

acetylene

4- Organic compound (branched chain)

H

H-g-g- g
HH H
Organic compound

(branched chain)
Isobutane
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5- Organic compound (unbranched chain)

PR

HCCC

R

Orgamc compound
(unbranched chain)
Butane

6- Organic compound (containing oxygen element)

HH
HCCOH
HH

Organic compound
containing oxygen element

(Ethyl alcohol) E t h ano l

7- Cyclic Organic compound

H.C

2

H,C CH, HC CH
2 2

2 1 2 2

H CH, H.C H HC CH
2

2
Cyelic organic compound Cyclic organic compound Cyclic organic compound

in triangular shape in pentagon shape in hexagonal shape
(Cyclopropane) (Cyclopentane) (Cyclohexane)
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Q\ Define Methane W

Methane: Its molecular formula is CH, whereby a carbon

atom is bonded with 4 Hydrogen atoms in a single bond.

Q\ where does methane exist in nature?
1- It is found in large amounts as natural gas which accompanies crude
petroleum.
2- It is emitted from cracks of coal mines.
3- It is also formed when organic materials are decomposed in stagnant

waters of ponds and swamps.

Q\ Prepare the Methane Gas in Laboratory.

Methane is prepared by using the apparatus below.

*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 beaker.

*The resulting gas is collected by removing the water further down.

| Sodium acetate and Sodium
hydroxide

CH,COONa + NaOH —2> CH,1 + NaCO,

Sodium acetate Sodium hydroxide Methane Sodium carbonate
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Q\ Sodium acetate is heated at high temperature along with sodium

hydroxide or calcium hydroxide. why?

because the mixture will have little effect on glass and ensures higher

melting point for sodium hydroxide

Q\ what are the Physical Properties of Methane gas?
1. Colorless.
2. Highly insoluble in water.
3. Flammable, smokeless flame, releasing carbon dioxide CO,

and water vapor and energy, as in the following equation:

CH; +20, = CO; +2H,0 + Energy

Ethylene
Q\ Define Ethylene

Ethylene: It is one kind of unsaturated hydrocarbons which are called "Alkenes".

It has the molecular formula of C,H, in which two carbon atoms

combine with each other through double bond.

Mob: o7711241751 - 077 36 35 36 32




Mahmood Al AL-Najm y Chapter Six
Baghdad College High School Introduction To Organic Chemistry

Q\ Prepare the ethylene gas in laboratory and draw the apparatus.

Ethylene can be produced by heating ethyl alcohol C,H;0H, with sufficient

amount of concentrated sulfuric acid up to 170 °C as in the figure below.

Funnel

Iron rod

Sump case
Ethylene gas
e =5 Ethyl alcohol +
Concentrated
Water : sulfuric acid

CHOH “ === CH,t + HO
170°C ik 2
Ethyl alcohol Ethylene Water

Q\ Why are you adding sulfuric acid when we are preparing ethylene?

The sulfuric acid removes water molecule from the of alcohol.

Q\ What are the physical properties of ethylene gas?
1. Itis colorless and insoluble in water.

2. It burns with a smoky flame producing carbon dioxide and water.
C,H;s + 30, > 2CO; + 2H,0

3. It reacts with the red bromine water and removes its color.
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Q\ How can you distinguish between ethylene and gaseous methane.

Ethylene reacts with the red (Br) water and removes its color.

Methane doesn’t react with the red (Br) water and color doesn’t disappear.

Ethylene + red bromine water > red color disappears

Methane + red bromine water = red color doesn't disappear

Q\ deifne Acetylene

Acetylene: It is a hydrocarbonic compound with the molecular formula of
(CzH;) in which the two carbon atoms combine with each other in
triple covalent bonds. It is an example of the unsaturated

hydrocarbons called "Alkynes".
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Q\ Prepare the Acetylene gas in laboratory and draw the apparatus.
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.

CaC, + 2H,0 = C,H, + Ca(OH),

acetylene

Calcium
carbide

Q\ What are the properties of Acetylene?
1. It is a colorless gas with a bad smell. ((It smells like garlic)).
2. It is insoluble in water.
3. Combustion of acetylene forms a smoky flame.

4. It burns with oxygen gas in making a faded blue flame and high temperature:

2C;H, +50, = 4C0O, + 2H,0 + Energy

5.1t reacts with the red bromine water and removes its color.
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Q\ How can you distinguish between acetylene and gaseous methane.
Ethylene reacts with the red (Br) water and removes its color.

Methane doesn’t react with the red (Br) water and color doesn’t disappear.

% Acetylene + red bromine water - red color disappears.

% Methane + red bromine water - red color doesn't disappear.

Q\ what are the usages of Acetylene?

1- The mixture of the Acetylene gas and oxygen is used to produce the
oxyacetylene for cutting or welding metals.

8- It is used as a raw material in the production of rubber,plastics and

acetic acid.
Q\ Define oxyacetylene @

BRI © ... .ifutnuiianshenvnsmnanasnssnonisiin sikias i en hgasnnso vanh oo and seinmadesa as eas s riih

Alcohol : It is an Arabic word from which the Latin word "Alcohol'is derived.

Q\ Define : Alcohol , Ethanol (Ethyl Alcohol)

It was known long time before and was produced then by

fermenting molasses, dates or grapes in isolated air from air

Ethanol (Ethyl Alcohol) : it is one types of alcohol, It has chemical formula

C;HsOH.
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Q\ How can you prepare Ethyl alcohol By the effect of zymase enzyme

(normal method)( old method)?
1- fermenting molasses, dates or grapes in isolated air from air
2- sugar is converted into simpler sugar By the effect of zymase enzyme
3- simpler sugar is converted into carbon dioxide and ethanol by virtue of
enzyme.
Alcohol is then separated from its aqueous solution by the process of

distillation.

Simple sugar ™™™ Ethyl alcohol Carbon dioxide

Q\ How can you prepare ethanol or ethyl alcohol industrially?
by oil products through the reaction of gaseous ethylene C2H4 with water
with the existence of concentrated sulfuric acid and other factors such as
heat and pressure. _ __  Concentrated H.SO, : -
CH, + HO s CHOH
Ethylene  Water Ethanol or ethyl alcohol

Q\ what are the 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.
. Itis a volatile liquid with a very distinguishing smell.
. Itis an active solvent to many organic substances.
. Complete combustion of ethanol produces a faded blue flame and

forms carbon dioxide CO, and water vapor.
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Q\ What are Uses of Ethanol (Ethyl Alcohol)?
1. As a raw material in many industries especially cosmetics, commercial
rubber, ink, many types of paints and perfumes.
. Itis used in the production of alcoholic beverages and drugs.
. It is used as a motor fuel through mixing it with other oil products.
. Itis poisonous but it is used as a sterilizer by mixing it with some iodine.

. Ethyl alcohol is very cheap for industrial purposes.

Q\ Define denaturated alcohol (methylated spirito)

denaturated alcohol: It is undrinkable as some
poisonous substances like methyl alcohol are added to
it and by then known as denaturated alcohol

(methylated spirito).

Q\ some substances (methyl alcohol) are added to ethyl alcohol, why?

To make its color different from pure ethyl alcohol.

Q\ what are the effects of Ethyl Alcohol on Human Beings?
1. Drink alcohol disturbs the consistency between the muscular and nervous
systems.
. Change in mood, recognition and feelings are noted.
. Slow down the functions of nerve cells in the nervous system.
. Addicted people go to hospitals and health institution
. Sause social consequences.

. People addicted to alcohol behave strangely and sometimes dangerously.
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Q\ Some governments impose high taxes, why?
To reduce alcohol consumption and to eliminate its social, health

and economic damages.

Acetic Acid CH3;COOH

Q\ How can you prepare Acetic Acid (CH;COOH) industrially?

Acetic acid is produced industrially by the reaction of CH-.COOH
3

0
Vi
H3C_'C<
OH
Acetic Acid

acetylene with water using sulfuric acid and other
facilitating factors. A chain reaction occurs and finally

produces acetic acid.

Q\ what are the Properties of Acetic Acid?
1-It is a liquid at room temperature.
2-It is a volatile compound.

3-It reacts with sodium hydroxide to form water soluble sodium acetate.

5- It can te mixed with water at any rate.

Benzene (CgHg)

Q\ How do you extract Benzene (C¢Hg) ? \(Ay.

Benzene can be extracted from coal tar which is one I i

of the petrol products and is fugitive (vapor @ Y’\

quickly).

& Carbon Benzene Ring CsHs
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Q\ define Benzene
Benzene: is a hydrocarbonic compound consisting of carbon and hydrogen
and is the simplest compound in the group of hydrocarbons which are called

"Aromatic Hydrocarbons" . it has chemical formula (CgHg)

Q\ Benzene is classified into aromatic hydrocarbons, why?

because of their distinctive smells

Q\ What are the important properties of benzene?
1. Benzene vapors very quickly and boils at (80°C).
2. It is not soluble in water
3. Its complete combustion results in a very smoky flame because of the high

percentage of carbon.

Q\ What are the usages of Benzene ?
1. It is used as an important industrial solvent to paints and many important
industrial products.
. It is also used in the production of insecticides, nylon, modern

detergents.
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6.1 How can methane gas be produced in laboratory draw shape of

equipments and write the reactions?

6.2 Give example about following terms: Give example about

HC CH

2

H,C CH,
HC  CH,
Organic compound Organic compound Cyclic organic compound

(bralﬂdll)ﬂtia chain) (unbranched chain) in hexagonal shape
sobutane Butane (Cyclohexane)

Branched chain unbranched chain cyclic chain

6.3 choose the most appropirate of the brackets that complete the

following expressions:
a. All organic compounds contain one of following elements in their
composition (hydrogn , oxygen, nitrogen, sulfur, carbon)
b. The bond between two carbon atoms in the saturated hydrocarbons is a
a) Single b) double c) triple
¢. The gas that is found in large amounts in natural gas is .......cc.eeveererenes

Methane. Ethylene. Acetylene
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d. In acetylene; two carbon atoms are bound each other by .........ccccervnens

a) Single covalent bond b) Two covalent bonds c¢) Three covalent bonds

6.4 How can be produced acetylene gas in laboratory, draw shape of

equipment and write the reactions? ' 12 daiia Jgodl Ciga
6.5 What are the general features of the organic compound?

6.6 Write balance equations of the following.

1) Heating of Sodium acetate and sodium hydroxide

CH,COONa + NaOH —25 CH 1 + NaCO,
Sodium acetate Sodium hydroxide Methane Sodium carbonate

2) Burning of Methane, ethylene, acetylene gases in air

CH;+20; = CO; + 2H,0 + Energy
CHs + 30, > 2CO; + 2H,0

2C;H, +50; 2 4C0O; + 2H,0 + Energy
3) Rcaction of water with calcium carbidc.
CaC, + 2H,0 = C,H, + Ca(OH),
6.7 Explain the effect of normal alcohol on the humans body
after drinking it? 15 daka Noul el
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6.8 What is passive alcohol Sperto.

denaturated alcohol: It is undrinkable as some poisonous substances like

methyl alcohol are added to it and by then known as denaturated alcohol

(methylated spirito).

6.9 1. Compare the methane, ethane and acetylene gases about.

Compare Methane Ethane Acetylene

Color & odor colorless colorless colorless

Solubility in water Highly insoluble insoluble insoluble

Burning in air in : 4 ”
(B Ry Aalaa CIS) | (§)may) Adale S) |3 0a) Adalaa S|
normal form

Reaction with red doesn’t react with | react with the react with the

bromine solution the red bromine red bromine red bromine

2. What is used with acetylene gas to produce strong flame?
Oxygen gas with acetylene gas to produce strong flame

6.10 What is the importance of benzene?
1. It is used as an important industrial solvent to paints and many important
industrial products.
. It is also used in the production of insecticides, nylon, modern

detergents.
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6.11 What is the methane gas that is reflected in each of the following
observations
a. The gas is collected when it is prepared by pushing the water down.
Methane doesn’t soluble in water
b. Gas does not react with bromine.
Methane saturated hydrocarbon compounds organic compounds
¢. The gas burns with a smokeless flame.

Methane saturated hydrocarbon compounds organic compounds

6.12 Both acetylene and gasoline are ignited with an smoke flame,

what do you deduce from this observation.

Acetylene unsaturated hydrocarbon compounds organic compounds
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13 14 15
IITA IVA VA

5 6 7 ]
B|C | N
3 4 5 6 7 8 9 10 13 M
B IVB VB VIB VIIB ;j<«— VIIB —» Al | Si
21 22 23 24 25 26 27 28 31 32

Sc | Ti| V| Cr| Mn| Fe| Col Ni Ga| Ge| |
39 40 41 42 43 44 45 46 49 50 5
Y | Zr| Nb| Mo| Tc| Ru| Rh| Pd In| Sn

57 72 73 74 75 76 77 78 81 82

Hf| Ta| W| Re| Os| Ir | Pt Tl | Pb

89 107 108 109 110

106
Rf| Db| Sg| Bh| Hs| Mt| Uun

LUl 555 — ) s 336
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Group VA

Q\ What are the elements of group VA :
VA (group five) consists of Nitrogen (N), Phosphorus (P), Arsenic (As), Antimony

(Sb) and Bismuth (Bi).

Q\ Why are nitrogen and phosphorus in the same group?

Because they have five electrons in their outer shells.

Q\ What are the characteristics of group VA?

. (Nitrogen and phosphorus) are nonmetals, Arsenic and antimony are
metalloid, (bismuth) is metal.

. Nitrogen is gaseous, the rest of the elements are solids in normal conditions.

. Phosphorus and nitrogen have the propensity to form covalent compounds,
bismuth and arsenic form ionized compounds.

. The acidic and basic properties of the elements oxides also vary from being

acidic (phosphorus) to basic (bismuth).

Q\ Complete:
e Elements of VA group form less than 0.2 % of the Earth's crust.
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Nitrogen (= 9l

Q / Give the following to the Nitrogen element: chemical symbol,
atomic number, mass number and then draw the electronic

configuration.

chemical symbol
atomic number Z
mass number A
electronic configuration

Number of proton
Number of electron

Number of neutron

Q\ Where does the Nitrogen element occur?

1. Nitrogen constitutes 78 % of the Earth's atmosphere.
Bdaul
2. Itis found in some compounds (such as fertilizers and food )

Q\ Define Azote or the Lifeless
iy
Azote: it is nitrogen gas, which means in Latin "the Lifeless" because it is mostly
Jala
an inert gas in standard conditions.

Q\ What are the usage of nitrogen gas? e
Nitrogen compounds are very important in food, fertilizers and explbsive

industries.
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Q\ Explain the Preparation of Nitrogen in Laboratory.

A mixture of ammonium chloride B Wt

(NH,Cl) and Sodium Nitrite NaNO, is

Nitrogen

J» Water
i

put to a heating source with some

water to prevent any possibility of

Ammonium
chloride and  —

explosion occurrence. Sodium Nitrite

H,0
—_—

A

NH,Cl + NaNO, NaCl + NH NO,

H,O

2

NH,NO, > 2HO! + N}

Q\ Explain the Industrial Preparation of nitrogen gas.
we can be produce nitrogen industrially by the following steps :
ol il L
1. The fractional distillation of liquid air, which must have no carbon dioxide
(CO,).
2. Nitrogen distills first leaving oxygen behind because the boiling point of
nitrogen (-198°C) is lower than the boiling point of oxygen (-183°C).

3. Remove the remaining oxygen by passing the gas through heated copper

fillings, which react with oxygen to form (CuO).
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Q\ Complete:
1. Large quantities of gaseous nitrogen can be industrially produced by the

fractional distillation.

2. boiling point of nitrogen (-198°C) is lower than the boiling point of oxygen
(-183°C).
3. Inindustrial process of nitrogen, remove the remaining oxygen by passing the

gas through heated copper fillings, which react with oxygen to form (CuO).

Q\ What are the physical Properties of Nitrogen gas? ' Do you know |

. Colorless. There 1s other diatomic

molecule like H, , CI,
F, and O,

\!

. It has the form of diatomic molecule (N,) at room temperature.

. Odorless.

. Tasteless.

. Itis less soluble in water.

. Almost inactive in normal conditions.

Q\ What are the Chemical Properties of nitrogen?

1- Heating nitrogen leads to direct interaction between nitrogen and magnesium,

lithium and calcium.
BJ‘)&
2- When mixed with oxygen and the mixture is put under a spark, nitrogen

produces nitrogen oxides (NO and NO,).
3- Heating nitrogen with gaseous hydrogen under high pressure and with an

cualia
appropriate catalyst produces ammonia (Haber - BOSCH process), according to

the following equation: A high pressure

B R Catalyst 2NH,
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aadll
Q\ Define Catalyst -
)

Catalyst : A substance that changes the speed or yield of a chemical reaction

B

without being consumed or chemically changed by the chemical reaction.

Q\ What are the Usags of Nitrogen?

1. Itis used to produce ammonia industrially.

2. Itis the most important use of nitrogen due to the L\’iﬁ:\l importance of this
substance in the production of fertilizers and in the production of nitric
acid (Ostwald process).

. Itis used in cooling and freezing food products by putting the products
into the liquid nitrogen gas.

4. 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.

. cJea s ddle c g
5- It is used as an inert agent in containers and tanks of flammable materials.

Q\ Produce ammonia industrially, it is the most important use of

nitrogen, why?
Due to the vital importance of this substance in the production of fertilizers and

in the production of nitric acid (Ostwald process).

Q\ The liquid nitrogen is used in the petroleum industries, why?

It causes an increase in the pressure in the petrol producing wells to push the

petrol up the wells.
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Q\ What are the number of electrons in outer shell of Nitrogen atom ?
It has five electrons in its outer shell.
Q\ What are the number of covalent bonds in the Ammonia molecule

and the Nitrogen molecule?

1. Single bond in the molecule of ammonia (NH)

2. Triple bond in the molecule of nitrogen (N,). N—N

Q\ What are The most important compounds of nitrogen?
1- Ammonia NH; 2- nitric acid HNO;

Q\ Define Ammonia

Ammonia: It is one of the important compounds of nitrogen and hydrogen.

it has chemical formula NH;.

Q\ Where does the ammonia occur?

Jlas
1. It occurs in nature because of the process of decay of animals and plants upon

death.

2. Ammonia occurs in soil in the form of ammonium salts.

= 59,3
ds y=l| 295%)
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Q\ How can you Prepare Ammonia in Laboratory?

Gaseous ammonia can be produced in the laboratory by heating the salt of

ammonium chloride with calcium hydroxide, as in the following equation:

ONH,CI + Ca(OH), —=— CaCl, + 2H,0 + 2NH;

Ammonia gas is
gathered by
pushing the air

NH,Cl+ Ca(OH), e

CaO to dehumidify
Pole of CaO

Q\ Why does ammonia collected by downward removal of air?

Because the gas ammonia is lighter than air.

Q\ Why does ammonia pass onto pole of calcium oxide?

To remove any moisture with the gas.
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Q\ Explain the Industrial Preparation of Ammonia.
Quantities of ammonia can be produced industrially by Haber-BOSCH by the

direct combination of nitrogen and hydrogen as in the equation and figure below:

N+ 3H A high pressure SNH
2 2 Catalyst 3

Pump to circulate gases

Expanding
gases cool ~L

I P
'"“"". exchanger exchanger

Catalyst
(400-500°C)
\ :

Recycled
unreacted

Heating
coil \
Refrigeration
unit

Liquid NH,

NH outlet gzr:é\;z:s.ii%___,/

to ston;.,e tank (130-300 atm)

Q\ Define Haber Process.

Haber Process: An industrial process used for producing ammonia from nitrogen
and hydrogen by combining them under high pressure in the

present of an iron catalyst.
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Q\ What are the physical Properties of Ammonia?
sala aA.‘I“)
. Ammonia is a colorless gas with a characteristic pungent smell.

. ltis lighter than air .

. It can be liquidized at room temperature with 8 - 10 atm pressure .

1
2
dae .
3. It has strong propensity to be soluble in water .
4
5

. The boiling point of liquid Ammonia is ( - 33.5°C ) under the normal
atmospheric pressure .

. It vapors at high temperature.

Q\ What is the aqueous solution of Ammonia?

The aqueous solution of Ammonia ( NH,OH ).

| . b 580/ yra 1 .
If this aqueous solution is heated or exposed to air, the solution loses NH; gas .

Q\ Why is ammonia used in refrigeration and ice production?

Because, it evaporates at high temperature.

4 ’ )
Loy Ol b Sl ol

u;\’\JVH\J\?‘J\.‘l\ g
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384l s
Q\ Expline Fountain experiment.

The experiment consists:
. Half of glass is filled with water with two drops of phenolphthalein.
. It consists of a round bottom flask Ammonia gas in the ballon
89 e

provided with a rubber cover with two

holes.

. Along glass tube goes through one of
these two holes down to the bottom of
the flask .

water and phenolphthalein in droper

. A dropper tube goes through the other

hole of the cover. water and two drops
phnolphthatein

. The flask is filled with dry ammonia gas
e e Wi e
and then turned upside down on the

Water glass.

. The dropper tube is used to add some water drops with the color less
phenolphthalein .

. The gas reach with the Water and starts to dissolve .

. This process changes the pressure inside the flask and the water pushes from
the glass to the flask as a fountain.

e
. The solution becomes pink - red because of it’s basically ammonia solution is

act as a base).

L8 e 4y il 3aaliag adal
sLraxSl) 8 anill
Cosdl e YOURLTE
12
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Q\ Ammonia solution turns the red litrus paper into blue, why?

Q\ The ammonia solution (phenolphthalene) is colored in red, why?
Because, the aqueous solution of Ammonia
is base (NH,OH).
NH; + H,O —> NH,OH

Bases turns red litmus to blue color

Q\ Complete the following:

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 .

Q\ Complete by equation:

Ammonia gas is flammable in an atmosphere of oxygen.

- 4NH, + 30, — 2N, + 6H,0
R

Q\ Explain the test of Ammonia. i

by react ammonia with hydrogen chloride , it produces which

is ammonium chloride .

NH,, + HCl, — NHC,?1

Ammonia Hydrogen chloride Ammonium chloride

Q\ Define Nitric acid

Nitric acid: It is the most important oxygenated acids of nitrogen,which has

a molecular formula HNO; .
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Q\ Explain Preparation method of Nitric Acid in Laboratory.

It is prepared by heating a mixture of Potassium nitrate salt with sulfuric acid in
A2 s2a 5 ykala o . : .
the glass retort, and the nitric acid vapor resulting from the interaction is

GLC"
condensed in a water-cooled vessel the interaction.

Glass retort

Brown fumes 4

Potassium
nitrate+
conc. sulphuric
acid

[KNO3 + HS0, —2s KHSO, + HNO,

Q\ Explain Preparation method of nitric acid Industrially.
The acid can be prepared in
EEBEN Dilas
commercial quantities by
)
method of Ostwald whereby

ammonia is oxidized in air,

platinum acts as a catalyst.

Pt.gauze

1 vol. NH;
+ 8 vol. 02
converter

Oxidation Absorption
chamber tower

Scientist
Fredrick Wilhelm Oswald
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Q\ What are the Properties of Nitric acid?
. Pure acid is colorless .

)Lc a);_a\
. It has odorous fumes

. Itis completely dissolving in water forming a mixture of (68%)

1
2
3. The color of the impure acid is yellow
4
5

. It boils at 120.5 °C

Phos

L.u.n\.—sqp

horus

.

Q. / Give the following to the Phosphorus element: chemical symbol,
atomic number, mass number and then draw the electronic

configuration.

Chemical symbol P
Atomic number Z 15
Mass number A 31
Electronic configuration 1s? 2s? 2p° 3s’ 3p3
Number of proton
Number of electron

z=p

Number of neutron n=31-15
n=16

Q\ Where does the Phosphorus element occur?

1. Itis not found freely in nature.
2. ltis found in nerve cells, bones and cell cytoplasm.

i e clyl o aa
3. ltis extensnvely found various minerals (Apatite ores)
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Q\ Define Apatite

Apatite : It is impure form of calcium phosphate is important source of this

element.

Q\ Explain Industrial Production of Phosphorous.
Phosphorous is normally produced by heating Calcium Phosphate Ca;(P0O,), with

oSaa
the sand (SiO,) and carbon C in an electrical oven at high temperature , air-tight,

as in the following equation :

2Ca,(PO,), + 68i0, + 10C ———> 6CaSiO, + 10CO +P,

Raw material of
0 phosphate with
Steam phosphorus passes W sand and coal
through the condenser : F

White

phosphorus
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Q\ Why does not need to prepare phosphorus in laboratory?

Because apatite ores represent the basic source for commercial phosphorus

production with high purity.

Q\ Why is phosphorus casting done underwater?

Because of:
1. Itis the low temperature of flammability.
2. It is fast integration with oxygen.

3. Itis high flammability in air.

Q\ When producing phosphorus, CO is produced instead of CO,, why?

Because the electric oven at high temperature and air-tight.

Q\ What is the Properties of Phosphorous? \
el S

1. Phosphorous is normally white (yellowish) having a waxy form.
Calas
2. Pure Phosphorous, it is solid colorless and transparent.
3. m Phosphorous is more active than red phosphorous under normal

temperatures.
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Q\ What is the Properties of white phosphorous?
1- White phosphorous glows in the dark, looking pale - when exposed to

damp air. o
L
It burns spontaneously "automatically" in air at room temperature due to
) sausY)
enough oxidation.

*Releasing phosphorous pentoxide (P,0;), see the following equation:

P4 + 502 —> 2P205

*Under other conditions, (limited amount of oxygen) white phosphorous
oxidizes to form phosphorous trioxide P,0; as in the following equation:

P4 + 302 = 2P203

ol
White Phosphorous is a p0|sonous for cells of living things whereby |t

‘)JM
penetrates into the digestive system and dissolves in the digestive uIcers,

Jssi <
turning into a p0|son, unlike red phosphorous, which doesn't dissolve in the

ulcers.

Q\ Complete :

- There are other types of phosphorus; like red, black or purple), the most

common is white and red phosphorus.

Q\ Why is White Phosphorus more active than red phosphorus under

normal temperatures?

Because atoms of these two forms of phosphorus differ in the way that

they bind.
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sl L] Olaall /5 jaual)
Q\ Define Chemical luminance or "glitter"
Gl cal
Glitter : It is process of White phosphorous glows in the dark, looking pale
bl c\%J\ 438 asill ands s,
green when exposed to damp air accompanied by garllc like odor.

Q\ Why is White Phosphorus a poisonous for cells of living things?

unlike red phosphorus.

White Phosphorus penetrates into the digestive system and dissolves in the
digestive ulcers, turning into a poison, while red phosphorous doesn't dissolve in

the ulcers.

Q\ What are the different between white Phosphorus and red Phosphorus?

White phosphorous Red phosphorous

1. Translucent, white to 1. Its external surface is red to
yellowish color violet color.

2. Produced in the rod form and | 2. Produced in powder form it isn’t
stored under water because of affected by air at ordinary

its activity. condition.

3. Lower density than the red. 3. Higher density than the white.
4. Soluble in some organic
solvents such as carbon disulfide
but insoluble in water.

5. Its melting point is low. 5. Sublimates by heating.

6. Its flash point is low so it
burns easily.

7. It is poisonous. 7. It is not poisonous.

4. Insoluble in organic solvents and
water.

6. Its flash point is high.
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Q\ Define Phosphoric Acid , Phosphate
Phosphoric Acid: It is a densely formed, colorless, odorless liquid and weak
non-oxidative acid. It has chemical formula (H;P0O,)

Phosphate: one of the salts that is included in the composition of

phosphorus as a basic element and chemical formula (PO,>)

such as sodium phosphate (Na3;PO,) and calcium phosphate

Q\ What are the properties of Phosphoric Acid?
Phosphoric Acid (H;PO,) A densely formed.

Colorless and odorless liquid.
This acid is weak non-oxidative acid.

It reacts with bases forming phosphorous salts; such as Na;PO,.

Q\ Fill the blanks

1- sodium phosphate is used as preservative for some food products and meat.

2- Phosphoric Acid has major importance in manufacturing phosphate fertilizers.

Q\ What are the Industrial Uses of some Phosphorous compounds?
) o sef il ol el
1- Matchsticks 2- Phosphate Fertilizers.

lilza
Q\ Why are Matchsticks processed by Ammonium Phosphate

solution (NH4)3PO,4
1. This material helps burn the matchstick in a smokeless flame.
2. It helps keep the flame burning completely.

3. It also ensures the stick put off when the flame goes off.
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Q\ What are the components of a paste matchstick?

a- Flammable material like antimony sulfide Sh,S;.

b- An oxidant, like Potassium Chlorate, KCIO; .

SISy
c- Friction material like glass powder.

FERY cilivgSa Ligall
d- Glue material to bind the ingredients of the paste.

Q\ Explain the matchmaking process.

When the top of the matchstick is rubbed against

the side of the box, which contains red
phosphorous, a sufficient heat is generated to

Jeiy

ignite the side of the box then this ignition transfer

to the top of the matchstick and.it burns.

Q\ Why is Phosphorous very important to prepare Phosphate Fertilizers?

Liges 10
Phosphorous is an essential element in the growth of plants, it plays a vital role in

: A : sk el B ISl J
the life of living beings and the development of the skeletal structure of animals

and humans.

Q\ Phosphorous forms soluble compounds such as calcium phosphate

(the original source of phosphate in nature),why?
Leaa Jl glsdll B8 e
Because it is a salt that is fairly insoluble in water, it is necessary to transform it

into a salt easily soluble in water to be used as a fertilizer.
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Q\ Define Super-phosphate fertilizer, Triple super-phosphate.

Iuper-phosphate fertilizer: It is fertilizer produced from calcium phosphate

(Naturally found in rocks) is processed with Iulfuric
acid, This fertilizer is used to increase soil fertility.

Triple super-phosphate : It is other kinds of phosphate fertilizers can be prepared

through the reaction of phosphoric acid with calcium

phosphate it has chemical formula Ca(H,PO,),.

Q\ How can you prepare super-phosphate fertilizer by the equation?

Ca3(PO4)2 + 2H,SO,; m— Ca(H2P04)2 + 2CaS0O,

Q\ Why is Triple super-phosphate far much better than ordinary

phosphate?

Because, it contains calcium sulfate.

Q\ where does the calcium phosphate occur?
Use of Fertilizers

Large amounts are found in Rutba region, in Akashat at Anbar province.

S Asdlase & cliise b A dlhaia B8 S cilaS JS4 o aa g,
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-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 it nucleus contains 15 proton,
which 15 electrons rotate around of nucleus.

3- A match's tip is coated with a paste, which consist of the following substance:

a) An inflammable material such as antimony sulfide Sb,S,

b) An oxidizing material such as Potassium Chlorate, KCIO3

c) A material that increases the friction force such as glass powder

4- Nitrogen has diatomic molecule in nature. Chemical symbol of nitrogen N,

5- NH;is symbol of ammonia molecule. This molecule consists of 1 molecule

nitrogen and three atoms hydrogen
6- What are the benefits of fertilizer of phosphate?

1) Essential in the growth of plants
2) It plays a vital role in the life of living beings

3) The development of the skeletal structure of animals and humans
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-Choose the correct answer.

1- Which one of the following percentage of nitrogen in earth's atmosphere?
a) 21% b) 78% ) 50%
2- Which of the following compounds is used in preparation of nitrogen gas
in laboratory?
a) Copper oxide
b) Calcium Chloride
c) Ammonium Chloride and sodium nitrite in the presente of water.
3) Among those substances, whereas 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 form is

a) Red phosphorus b) White phosphorus
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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 pentoxide

c) phosphorous nitrate

-Complete the following reactions then balance them and write

name of reactants and products.

a) 2NH,Cl + Ca(OH), —2., CaCl, + 2H,0 + 2NH;
b) cag(P04)z + 2H2$O4 — Ca(H2PO4)2 + anSO4

c) 2Cas(P0O4), + 6Si0, + 10C % 6CasSiO; + 10CO + P,
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-Mark the following sentences as true (T) or false (F) after that
correct the false sentences.
a) Phosphorous element existed compound form in the nature. (T)

b) Highly temperatures are used 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 H3PO4. (T)

e) White phosphorus is poisonous material thus it is stored under water. (F)

It is 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)
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13 14 15 16 17
IMA IVA VA VIA VIA

5 6 7
B|(C|N
3 4 5 6 7 8 9 10 1n 12 |9 M |5
MB IVB VB VIB VIB;«—VIB—», 8 1B |Al| Si| P
21 22 23 24 25 26 27 28 29 30 31 32 33

Sc|Ti| V| Cr| Mn|] Fe| Co| Ni| Cu| Zn| Ga| Ge| As

39 40 41 42 43 44 45 46 47 48 49 50 51

Y | Zr| Nb| Mo| Tc| Ru| Rh| Pd| Ag| Cd| In | Sn| Sb

57 72 73 74 75 76 77 78 79 81 82 83

La| Hf| Ta| W| Re| Os| Ir| Pt| Au Tl | Pb| Bi

89 104 105 106 | 107 108 109

Ac| Rf| Db| Sg| Bh| Hs| Mt| Uun

Al A5ue — ) g5
AL Jguadl) A& sk al Al clalSl Jagh das i) ¢ 9S5 Gl g
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Group

Q\ What are the elements of group VIA :
They include five elements; Oxygen (0), Sulfur (S), Selenium (Se),

Tellurium (Te),  Polonium (Po).

Q\ Why are oxygen and sulfur in the same group?

Because, they have six electrons in their outer shells.
Q\ What are the characteristics of group VIA?

1- Oxygen and sulfur are considered as non-metal while selenium and tellurium
have semimetal properties, as for polonium, it has pure metal properties.

2- Elements of the group VIA has six electrons in the outer shell which make
them "ht;lst“ two electrons from other elements in order to have a stable

electron configuration similar to that of noble elements.

Q\ Why do elements of the group VIA hunt two electrons from other

elements?

In order to have a stable electron configuration similar to that of noble elements.
J—a¥
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SULFUR <u 8l

Q. / Give the following to the Sulfur element: Chemical symbol,
Atomic number, Mass number and then Draw the electronic
configuration.

chemical symbol S

atomic number Z 16

mass humber A 32
electronic configuration [ 1s® 2s?® 2p°3s* 3p*

Number of proton 2ent =
Number of electron yr =

n=A-2
Number of neutron

Q\ Where does the Sulfur element occur?
. . { . eae £ :
1- Itis found in nature freely in special sulfur mines in Mosul city.
alg L)
2- It is also found in volcanic regions in large quantities in the form of compounds

such as hydrogen sulfide H,S and sulfur dioxide SO,.

Q\ Explain the Preparation of sulfur in Laboratory.

Sulfur can be prepared in laboratory by adding concentrated hydrochloric acid to
sodium thiosulfate, Na,S,0; (at -10°C). Sulfur precipitates and collected through
filtration according to the following reaction equation:

2HCI + NaSO,—> S| + SO,7 + 2NaCl + H,O
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Q\ Explain extraction process of Sulfur form of underground.
EER 5
Q\ Explain Frasch Process.

This process done by melting sulfur underground by means of special

equipment’ :
EAENAI Sosae S8y
1. Extend three overlapplng tubes (A-B-C) pivotally in underground.
L
2. Presmzed and superheated to 170°C water vapor is pushed into the

cna.}
outer tube (A) to where sulfur converges, this pressure melts sulfur

underground.
. Passes the pressurized air from tube B.
—4x
. Lifts up molten sulfur through tube C mixed with some air bubbles.

e 1
Molten sulfur is casted in large basms and left to cool down and solidify.

. Much of the sulfur produced by using this process is 99.5 % - 99.9 % pure,

therefore in needs no further re-purification

Compressed air

Q\ Define Frasch Process. —— Liquid Sulfur

Frasch Process: is Process used to S|

Superheated
water

extraction of Sulfur

form of underground.

) L Sulfur
Q\ why doesn't sulfur produced by A ® S~ hearing

rocks

Frasch process needs to

re-purification?

Because, sulfur produced by using

this process is 99.5 % - 99.9 % pure.
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Q\ What are the physical properties of Sulfur?
1. Itis yellow solid substance at STP.
§ s
. Tasteless, with distinctive odor.

. Insoluble in water, yet dissolves in some inorganic solvents like carbon
disulfide, CS,.
. Non-conductor of electricity.

. It Has various forms in nature with variant physical properties with 8 atoms (Ss;).

Q\ What happens to the evaporation carbon disulfide?

Sulfur with 8 atoms (S;g) deposits gradually in the form of crystals.

)
Q\ Define allotropic elements

Allotropic Elements: They are various forms in nature with variant physical
pe A Gl
properties which vary in physical form, color , despite
R
belonging to the same element.

Q\ Write the aIIotropic of sulfur.

e Gosise
1- Crystal sulfur (Rhombic sulfur, prismatic sulfur)

2- Non-crystalline sulfur ( rubber or plastic sulfur)

e

Crystal sulfur Amorphous sulfur

1 I_I
< Q
Rhombic '} Prismatic Rubber
sulfur X “ sulfur sulfur
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Q\ Define Rhombic sulfur .

Rhombic sulfur: It is the most common type of crystal sulfur, it is a yellow crystal

(like lemon), stable at room temperature. It is the most stable form

of sulfur. It is found as cyclic Sg molecule in volcanic areas.

Q\ Why is prismatic sulfur called by this name?

. p I
Because its crystals look like prism.

Q\ Define rubber or plastic sulfur.
L)
Rubber sulfur: It is amorphous sulfur. It is less stable than crystal sulfur, it turns to

crystal sulfur gradually Sulfur has the formulas; Sg and Se.

Q\ Prepare rubber or plastic sulfur.
It can be prepared by heating sulfur to 1500°C and pouring the liquid sulfur into

cold water, whereby spiral chains are formed.
Q\ Sg form is more active than Sg form , why?

il s
Due to the high tension of the rhombic ring.

Q\ What are the chemical properties of Sulfur?

. Sulfur is not reactive under normal temperature.

. Reacts with almost all elements directly under the appropriate temperature.
. Sulfur burns easily in air producing blue flame, heat and sulfur dioxide.

. Sulfur reacts with carbon to produce carbon disulfide, CS,.

. Sulfur reacts with metals like iron, copper and zinc to produce metal sulfides.

. Reaction with concentrated and oxidized acids, and no affected by dilute acids.
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Q\ write the equations for :

1- Sulfur burns

A
S + 0O, —> SO,

2- Sulfur reacts with carbon A

2S +C —— CS,
3- Sulfur reacts with iron metals

A
S + Fe —— FeS

4- Sulfur reacts with concentrated acids (sulfuric acid , nitric acid)

S +2H,S0, A, 350, +2H,0
S + 6HNO, — H,SO, + 6NO,+ 21,0

Q\ What are the uses of Sulfur? . ‘
QlEl 3 e At Al lady)

1- In manufacturing matchsticks and black gunpowder and fireworks because of

high flammability.
3&\))
2- Itis used in agriculture to balance earth alkaline as well as a fertilizer.

3- Itis used to produce sulfuric acid, paints and dyes.
DLA-LAA ﬁ#
4- It is used mining metals and oil refinery, developing films and in drug industry.

Q\ Why does Sulfur use in manufacturing matchsticks and black

250k R
gunpowder and fireworks?

Because its high flammability.
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Q\ Where does Sulfur dioxide SO, occur?
SO, is produced by burning sulfur with oxygen gas.

Al
This gas naturally evaporates in large quantities from volcanic activities.

It is produced from some industrial processes during mining of some

substances.
Laal) ek, s oaall andll
By burning of petroleum derivatives and briquette.

Q\ Explain the preparation method of Sulfur dioxide in laboratory.

Sulfur dioxide is prepared at laboratory by adding dilute sulfuric acid to sodium
sulfite, (Na,S0s). It can be collected by pumping air out from above because it is

heavier than air. As in the following equation: 4

wW

Na,SO; + H,SO; = SO, + H,O0 + Na,SO,

Dilute

Jcid molecule like H, , Cl,

Sodium
sulphite
or
bisulphite

Sulphur
dioxide

Q\ SO, can be collected by pumping air out from above, why?

Because it is heavier than air.
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Q\ What are the physical properties of Sulfur dioxide gas?

Sulfur dioxide is a colorless gas
It has strong characteristic smell.
It is heavier than air.

It does not dissolve much in water producing a weak solution of sulfurous acid

Q\ Why does the color of the blue litmus paper turns to red when it is put

in the gas collecting bottles Sulfur dioxide?

Because when dissolve in water producing a weak solution of sulfurous acid.

Q\ Complete by equation:

* sulfur dioxide react with water.
50, + H,0 —— H,50,2° ©

Q\ What are uses of Sulfur dioxide? =
RREUS]

1- Sulfur dioxide is commercially used in decolorizing the delicate organic
s ‘;QLSL.A\J\
substances such as paper, straw, artificial silk and wool.
2- It used for sterilizing purposes.

daila
3- Itis used as a preservative agent in food industries.

Q\ Sulfur dioxide is commercially used in decolorizing the delicate organic
substances such as paper, straw, artificial silk and wool. why?
Because:
1- They are changing when they are bleached with gas chlorine.
2- Most of the Sulfur dioxide bleached materials recover their colors as soon as

they are exposed to air.
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note

Sulfur can burn spontaneously in air at (400°C) with the existence of
oxygen.

Q\What are the damages to sulfur dioxide gas?
A. This gas is bad for health.

B. It is the main cause of acid rains.

Q\ what are the physical properties of Hydrogen sulfide

1- Itis a colorless gas

sl )
2- It has characteristic foul odor such as odor of rotten eggs.

Q\ Where does Hydrogen sulfide occurs in nature?

result from:
The bacterial breakdown of the organic matters.
Underground water that contains sulfur as in the mineral water wells in
Hammam Al-Aleel in Nineveh Province north of Iraq.
From the biological activity of some kinds of bacteria that rely of iron and
manganese as part of their food sources.
Natural gas contains 28% of hydrogen sulfide and it may.

From some the industries that use sulfur compounds.

Q\ Explain the preparation method of hydrogen sulfide 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 (ll) sulfide as in the following

equation: FeS + H,SO;, —> H,S + FeSO,
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Q\ Explain the test of hydrogen sulfide gas through in its solutions.
By Pass hydrogen sulfide gas through in the solutions of metal ions like copper ()

sulfate results in a black precipitation of copper (ll) sulfide according to the

following equation:

H,S + CUSO4 — H,SO, + CUSl

Q\ Fill the blanks:
1- Chemical formula of Sulfuric Acid (H,SO,)

2- Sulfuric Acid (H,S0O,) is one of the earliest acids identified by man in ancient
times.
3- Sulfuric Acid is soluble in water at all concentrations and its solutions have

high electrical conductivity.

Q\ Define Sulfuric acid

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.

Q\ Explain industrial method of Sulfuric Acid.

1- Sulfuric acid can be industrially manufactured by contact process, which simply

involves the reaction between sulfur and oxygen to produce sulfur dioxide:

S+ 0, 2 SO,

2- Sulfur dioxide is pumped into chamber which contains catalyst to obtain sulfur

trioxide.

250, + 0, 2> 2S0;
3- After that sulfur trioxide is dissolved in water
SO; + H,0 => H,S0,
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Catalyst

Chamber
Molten ‘

Sulfur

Cooling
Chamber

H,$,0-+H:0 — = 2H,50;
T 93-100% acid

Contact Chamber

Q\ What are the physical properties of Sulfuric acid?

It is a colorless liquid

Oily liquid will a high density of (1.84 g/cm’)

It has no characteristic smell

It dissolves H,0 in water at all concentrations generating high temperature.

Q\ Cautions must be taken when reducing concentration of Sulfuric

acid, why?

Because when it dissolves in water at all concentrations generating high
temperature

Q\ why does Sulfuric acid used as a drying agen?

Because of its high ability to absorb water from the organic compounds.
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Q \ what happens when we put a spoonful sugar in a bowl fully

concentrated sulfuric acid?

We see that black carbonic substance results from the reaction in the bowl as in
the following equation:
C1,H»,044 M} 12C + 11H,0

Q\ what are uses of Sulfuric Acid?

It is used in the production of other acids such as nitric and hydrochloric acids.
It is used as a drying agent especially with the gases, which do not react with it.
It is used to refine flritjx‘de oil and remove impurities.

It is used in the production of explosives like nitroglycerin nitrates and
cellulose nitrates.

It is used as a cleaning agent to remove rust from the iron tools before being
painted with Zinc. | R
It is widely used in the production of batteries and in the electrical coating.

It is used in the production of chemical fertilizers such as ammonium sulfates

and phosphate fertilizers.

Q\ Give reason:

1- Sulfuric acid is used in the production of other acids such as nitric and
hydrochloric acids.
Because of its high boiling point.

2- Sulfuric acid is used as a drying agent especially with the gases which do not
react with it
Because of its high ability to react with water.

3- Sulfuric acid is widely used in the production of batteries (lead storage
batteries) and also in the electrical coating
because it has high electrical conductivity.
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Q\ Define Sulfates
Sulfates: are sulfuric acid salts, which are derived from the reaction of sulfuric

acid with the metals or with their oxides, hydroxides or carbonates.

Q\ Complete the following equation:
1- Zinc oxide + sulfuricacid ->

ZnO + H2504 —_— ZnSO4 + Hzo

2- Zinc hydroxide + sulfuric acid >
Zn(OH)z + HzSO4 — ZnSO4 + 2H20

3- Zinc carbonates + sulfuric acid 2>

ch03 + HzSO4 —_— ZnSO4+ COZ + Hzo

Q\ Explain test of sulfate ion (S0,?) Sulfate ions.

Q\ How can you identified sulfate ion in their aqueous solutions?

By adding the solution, which contains barium ions such as barium chloride.

The resultis a of barium sulfate:
BaCl, + SO* — BaSO, | + 2CI

Barium chloride Sulfate ion Barium sulfate  Chloride ion
White precipitate
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CHAPTER QUESTIONS 08

-Properties of VIA group elements are arranged from

oxygen to polonium. Write the properties.

1- Oxygen and sulfur are considered as non-metal while selenium and
tellurium have semimetal properties, as for polonium, it has pure metal
properties.

2- 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.

-Write the common electron configuration of VIA group

elements.

The reason is that it contains its last level 6 electrons so it needs two

electrons to saturate its outer shell.
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-Choose the correct answer:

1- Sulfur element occurs, in nature, in the form of:
a) Only Free  b) Only combined c) Free and combined

2- Some elements such as sulfur, phosphorous and carbon, occur in their
solid states in different forms; they are characterized by these forms each
other in some physical properties, these forms are called:

a) Allotropes of element b) Elements shape
c) Elements forms d) Elements types
3- One of the following free solid molecules contains eight atoms, that is...... .

a) White phosphorus b) lodine c) Sulfur d) Carbon

-What happens when hydrogen sulfide gas is passed in
zinc sulfate, lead acetate, copper sulfate solutions,
explain these using equations.

H;$ + ZnSO, —+ ZnS| + H,SO,
H.$ + (CH;CO0),Pb — . PbS|+ 2CH,COOH
H,$ + CusO, —  CuS| + H,SO,
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-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 at page 4

a) What is the role of the pipe (B) in this process?
Passes the pressurized air from tube B.

b) Which material passes through the inside pipe (A)?
Pressurized and superheated to 170°C water vapor is pushed into the
outer tube (A)

c) Explain how you could get water 170°C while it boils at 100°C.

It can be obtained by increasing pressure

-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.

. Add water to melt the salt and separate the chalk and sulfur in the
filtration method, evaporate the saline solution to get dry salt.

. Add CS, solution to separate the sulfur because the sulfur dissolves in it
and chalk does not dissolve, then filter, and dry.

. Filter the chalk and leave to dry.

-Write the reaction of sulfur with metal and non-metal.

With metal S + Fe —2 FeS
Withnon-metal 2SS + € 2 ., CS,
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8-8 Explain the preparation of Sulfuric Acid with industrial

method.

1- Sulfuric acid can be industrially manufactured by contact process, which
simply involves the reaction between sulfur and oxygen to produce sulfur
dioxide:

S+ 0, 2> SO,
2- Sulfur dioxide is pumped into chamber, which contains catalyst to obtain
sulfur trioxide.
2SO0, + 0O,/ 2S0;
3- After that sulfur trioxide is dissolved in water
SO; + H,0 > H,S0,

-Complete the following reaction:

FeS + H,SO0, — H,S + FeSO,
SO; + Hzo — l'leO4
BaCl; + SO,Z7 — BaSO, + 2CI
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