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1-1-DALTON’S ATOMIC THEORY

1. Matter is made up of tiny particles called as atoms which cannot be divided
(later scientists achieved to divide those particles.) ;
Lead e a0 Lad elalall (S8 38 5 (@l ) (oand D530 ALE 52 3 pia (38 (e ST 3
. Atoms can neither be created nor destroyed through human power.
(5o Ul (e (LSS (KaY 5 Y il
. Atoms of an element are similar to each other physically or chemically.
But they are different from atoms of other elements.
A ualiall &l 3 e Caliaty glasl 5 Al il Leeal 53 8IS 8 dgilitia an) Il yeaiall il
. Compound atoms (as Dalton named them) are formed by simple ratios of
atoms.

Adasin oade iy paliall 53 A (e (silla Lale s L) A8 jall &l 3 U}Suj

Question ) What are the hypotheses of Dalton's theory?
1-2-LAWS OF CHEMICAL UNION sl Sy (il 8

The first of these laws is :

Law of Conservation of Mass: Matter is neither created nor destroyed.

Total mass of reactants = Total mass of products
Jeladll e daalill af gall J5S = ddelaiall ol gall g€

Example 1 -1

73 g of HCI gas was passed through a solution of 158 g of NapS303 .5H20.
At the end of the reaction, 117 g of table salt, 64 g of SO2 gas, 32 g of sulfur

and 18g of water were formed. Prove that this reaction supports the law of

mass conservation.
s bkl zle (117 g 05 o g2 guall L S5l (00158 g (e (i Jslae (SHCI e 0273 g ol
PRI Jada (5 538 58 AU o38 o) 8 oWl (018 g 5w Sl (10 a232 g 5 SO2 e (w64 g

Solution:
The total mass of reactants = 158 + 73 =231 ¢
The total mass of products =117 + 64 + 32 + 18 =231 g

As the total mass of products is equal to the total mass of reactants, this reaction
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follows the law of mass conservation.

Law of constant composition : The composition of elements are constant in

all samples of a compound.
Sl e aea (AUl pualiall 0 oS5l S il 518

For example, in 18 of water there are 16 grams of oxygen and the remaining

2 grams is hydrogen. If 9 gram of water is taken, 8 gram of it is oxygen and 1

gram is hydrogen. This ratio is always constant.

S e s onell (2 g e Baga e Alal) (B eSS GV (0016 g O) 2niud elall e 13 SY) JU 2l
DO souel) (Y eSSV AT A

16 (0) _

2g(H)‘8

Ratio =

We can observe this ratio in all samples of water with no regard where and

how the water is obtained.
3 Ay bl ade ) A jaadl e il (may A el Glie e dle IS A Laaaii Al o8

PRS-

Law of constant composition applies to all chemical compounds. For
example, NH3 gas consists of nitrogen and hydrogen. It has 14g of N and 3g

of H. The ratio of N and H,

R I WP R AT T WP [ I [ VO S A IR U R 6

LS A g) ¢ s uel) (63 g IS G5 ) (614 g e L) g ia L s ouedls G B (e
tssbed O g oned) () s g il

14N _
Ratio = 35(H) 8

This ratio is valid for all samples of NH3 with no regard to the source or

formation.
Lo juaai A Hha g e juae IS Lage L gY) Gilie (e Ao (Y Aagaia SIS Al oda

Exercise 1 -1

CO gas from two sources was analyzed. In the first sample, there is 4.3 g of
O and 3.2 g of C. In the second sample, there is 7.5 g of O and 5.6 g of C. Do
the results comply with law of constant composition?
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Example 1 -2

CO2 gas was obtained from two sources, and decomposed to its components.

The first sample contains 4.8 g of O and 1.8 g of C, the second sample contains
17.1 g of O and 6.4 g of C. Prove that those results comply with the law of
constant composition.

Solution:

In the first sample, ratio of O to C mass :

48(0) _

Ratio = 188(C)

In the second sample, ratio of O to C mass :

17.1(0) _

=27
6.4g(C)

Ratio =
As the results are the same, law of constant composition is valid.

Question ) Define the following:

Law of Conservation of Mass , Law of constant composition

1-3-GAY-LUSSAC'S LAW OF COMBINING GAS VOLUMES
Al i) A ) asaall sl e o6

Law of Combining Gas Volumes :There is a simple ratio between the volumes
of reactant and product gases in a chemical reaction under the same
temperature and pressure

Gt Pl Jelii b sl @) jle g dleliiall A\,As\egaiwww;;ﬁ:)w\eg;iw&g oy
M\JBJ\F\@‘)JU@

For example :

1. When 1 volume of hydrogen gas reacts with 1 volume of chlorine gas, 2
volumes of hydrogen chloride forms. As shown in the following equation,
the ratio between gases is 1:1:2 .

O Aaailld O g el 2 ) IS Sl e Glana (5STh5 HISI e aaly aaa ae a5 ouel e 2a) 5 aaa 2ay
2 A Al Aol 8 L8]0 ] (a5l ana g Gpasniall (g el aas

H,+ Cl, —> 2HCI

ed Ahmed Ot




2. When we electrolyze water, the volume of hydrogen is twice the volume
of hydrogen. As a result of reaction of 2 volumes of H» and 1 volume of

O2, 2 volumes of H2O is formed.
On Gpena a4l LS (anS 5Y) aaa Cinia Lygluse ) patall Cn el aas 05K Ll jeS elall Jilat e
slall DA (e Gleas i g CpanS Y e a5 aaans (s g el

2H,+ 0, —> 2H,0

The ratio of reacting gases and formed water vapour is 2:1:2, that means there
Is a simple and constant ratio between them.
Adagn 430 A (5588 2:1:2 (& 20 elall i aas g cpaaiall ¢ Sl caaa G Apualld

If we want to summarize what we have told above :

2 Volumes H, 1 Volume O, 2 Volumes H,O

1 Volume H, 1 Volume Cl, 2 Volume HCI
Reaction of gases with a constant ratio

Question ) What the simple ratio between the volumes of reactant and product
gases in this chemical reaction: 2Hp + Op —— 2H»0

j Tﬂd A/I”Iﬂ; OBtz




1-4-AVOGADRO’S HYPOTHESIS 5 S dpm 5

Avogadro’s Hypothesis : Equal volumes of gases contain equal number of

molecules under the same pressure and temperature conditions.

Ll oy ok (i cnd iy el e e aae e @l ) (e A slaiall plaal) g giad s g jala sbl dp i
’ .3)\)35\ :\.;)A}

For example, if 1 volume of hydrogen gas reacts with 1 volume of chlorine
gas, 2 volumes of HCI gas is formed
WS e e gpeaa (e Jiand IS jle e al glue pas e Gan g pnedl Hle e aaa alad) die ;DU
s sle deani o) a5l
H, + Cl, —— 2HCI

From the reaction of 2 volumes of hydrogen gas and 1 volume of oxygen gas,
2 volumes of H2O are obtained.

slall Jlan e (peaa e diandl i V) 5le (e 2al 5 aaa ae s oagd) Jle e Glaaa aay

2Ho2 + O —— 2H»0

This isn’t contradictory with Dalton’s atom model. According to this, a

hydrogen molecule consists of 2 atoms. Similarly, oxygen and chlorine

molecules consist two atoms. HCI molecule consists of 1 chlorine and 1

hydrogen atom, water molecule consists 2 hydrogen and 1 oxygen atom.

DU e A5 553 (e ol e 0SE o) g aglad ¢ 30N (il A plas (il Y 138

3,0 aebaniebaaly IS5 ) (e (S Leld (i g el ) oIS (5 Lal clian) ()3 (e LS S Y1
S ¥ (e Baa 58 )3 ae a5 ) ()3 (e L) (55T L8 oLl LA (s a5 cOm s onedl e Baal

Balls represent atom in molecules formed from combination

A oha ’ ﬂd A]II’I&’; Bg/ﬂ}zarb




1-5-VALENCE

Chemical formulas of compounds weren’t assigned arbitrarily but they were
assigned according to bonding of atoms in molecules of compounds. An atom
of element needs to have a capability in order to be bonded to atoms of other
elements. The capability of bonding of an atom or number of hydrogen atoms
that an atom of an element can combine is called as valence.

Gl Ja (o Luamy ae <l 3 Jal ) 38 e Baaina o Wil 5 ¢ Adauall 52 g (AilasSl LS Syl i ()
b)ﬂ\wﬁjcﬁ\)@cﬁ\JﬁcAﬁ\AﬁmUw)ALH\JJD)EW&&MM\ JAJABJ&_\LSJA”&E
” )SLS.J\“J)AJA\ OAEJA‘}EJ;&AB)&\.}AM&M uA}JLQJ\ L_i\J.J NI }i ¢ Mqu‘;MMJ\AJy‘

We can define valence of an element as follows :

Valence : It is the number of electrons which an element loses, gains or shares
during a chemical reaction.
@uﬂsdsm;u\qs,mj\w}\uwum@n Gl g yiKIY) e g ; alsil)

For example, the valence of hydrogen is 1. Because it has an electron in its
outer shell which can be shared. VValence of oxygen in water is 2 because it has
6 electrons in its outer shell. Therefore it needs 2 electrons to satisfy its outer
shell. Valence of Na is 1. It has an electron to lose in its outer shell. VValence
of Mg is 2 because it can lose 2 electrons from its outer shell. VValence of Cl is
1 because it needs one electron to satisfy its outer shell.

S G5Sys AS LAl 8 a Jlall aidle (8 aals (5 5 dga gl aal s e (g puel) BT O ¢ D0
u.\.g).\ﬂ\ uL.mS‘}[ JAAJ‘\JJM ‘@J\AJ\ 4dle ‘_gg_a\_a}‘).\ﬁ\G JP)S JJ}Z d}\.m.\ HZO A @u.\;.u&j‘}“
058 oo )AL A8dE (e 2l g (g i) aagy a3y ESE gala) o g geall 5 SIS o HAD) adle S LiY

J;\juj‘)ﬁ\n_u.uS.aMYL;JIA\J)N\ﬁ&uj&js‘_ejbl\ﬁ)cwuuj)\ﬁ\MM‘Y‘;}L\JEM\ )515.1
\&}@JM\MM

Question ) Explain the following:

1. Valence of oxygen in water is 2.
2. Valence of Na is 1.

3. Valence of Mg is 2.
4. Valence of Cl is 1.
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1-6-ATOMIC MASS

As atoms are tiny particles, it is very difficult to find out their mass. Despite

this, atomic mass was determined with a very high precision. For example,

mass of a hydrogen atom was found to be 1.64x10% g.

A a3 5 ¢ @lld (e a N o LS A8 e s Camaall Gad ¢ 5 psaa Sl e oo 5oke A Y 15k
o2 1.64X10724 (55 s pngd) 30 ALK Gl an g ¢ i J e 13a Alle 2833,

The standard unit of atomic mass, which was called the atomic mass unit
(amu) as being equal to one of twelve parts of the mass of an atom of the

isotope carbon 12, whose atomic mass was considered to be exactly 12 units.

On this basis :

Oe Ua e L) e 2l gl & ghae L e (35 5) 330 AHSH 5 5 s il A 30 JISI 4l @l 52 )
- ul.su.ul.m\]\ Jaa Glcjj:mjhbh_glz @j@hjﬂ\dﬁ&).\.\c\gﬂb 12 U)J‘)LSJ\ ).\LUDJJ‘\LS

mass of carbon —12 atom 12 1

1 atomic mass unit (amu) = > =—

12 12

As mass of Carbon-12 atom = - =
Avogadro’s number  6.02 X 1023

1(amu) =

1_ 24
02 x 1023 X 1.64x10" g

Actual mass of an atom is the mass of a single atom of an element.
painl) (e Baa) 93 )3 ALS o8 3 )0 Adllaal) ALK L

. ram atomic mass of an element
Actual atomic mass = &

Avogadro’s number

Example 1 -3

Calculate actual mass of an oxygen atom.(Gram atomic mass of oxygen is
16 g) 16 (s b A, 4l Lale (pans 51 5,30 dalhal) ALY o)

Solution :

gram atomic mass of an element

Actual atomic mass =
Avogadro’s number

16
6.023 x 1023

A ohammed A/Iﬂlfz’d libiah
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Question ) Complete the following statements:

1. The capability of bonding of an atom or number of hydrogen atoms that
an atom of an element can combine is called as valence.

2. Mass of a hydrogen atom was found to be 1.64x10% g.
Question ) Complete the following statements:

The atomic mass unit (amu) as being equal to one of twelve parts of the
mass of an atom of the isotope carbon 12

Question ) Calculate actual mass of an nitrogen atom.(Gram atomic mass of
nitrogen is 14 g)

Question ) Calculate actual mass of an carbon atom.(Gram atomic mass of
carbon is 12 g)

1-7-EQUIVALENT MASS RS ALY

Equivalent gram : is the amount of mass of an element or compound which

can react or substitute with 8g of oxygen. Owing to this definition, equivalent

mass law was proposed. ;

¢ Cay el 138 sy allai) sl CpankY1 (e aa 8 ae Jelill Sy (S e gl uaic ALK laie (3K ) el
(A ALY (5 - 3

Thus :

mass of 15¢ element _ mass of 2™% element

equivalent mass of 15¢ element B equivalent mass of 24 element

formula can be used.
Example 1 -4

Through reaction of 3.5g of Fe and S, 5.5g of iron(ll) sulfide was formed.

Calculate the equivalent mass of Fe (equivalent mass of S = 16 g).
ALY () Lale apaall A AN ) | (1) sl 25 58 (05,5 g 0583 <y Sl e 328l (63,5 @ 2aT
1 =y KU A
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Solution:
Mass of Sulfur=55-35=2¢g

mass of 15¢ element _ mass of 2% element

equivalent mass of 15¢ element a equivalent mass of 24 element

2 _ 3.5
16 equivalent mass of Fe

Equivalent mass of Fe =28 g
Exercise 1 -2

1.31 g of Cu was obtained from reduction of 1.64 g of copper oxide with

hydrogen. Calculate equivalent mass of Cu.

Al ALl o) sulail) (501,31 g 0588 G 53l (1) ool 2SS o) (501,64 g JI 3580 2 e
ol e 8 =(pansS SUABIKIALSY (L Lale (ulaill

1-8-The Relationship between Atomic Mass, Equivalent Mass and Valence
) LIS ALY o 2y, ALKy 38D

Equivalent mass (the result) is obtained by dividing mass of element to its

valence.
43S e Lo gusio 4 ) 4l (5 glusi puaiall A58 ALY

. atomic mass of element
equivalent mass of element =

valence of element

Example 1 -5
What is the valence of Al if its atomic mass is 27 and equivalent mass is 9 ?

Solution:

atomic mass of Al 27
valence of element = — =—=3
equivalent mass Al 9

Exercise 1 -3

What is the equivalent mass of an element if its atomic mass is 55.85 and
its valence is 3 ? ¢ Sl Al ale 3= a8l <3,5585= Ay lla kK, sk
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1-9-DENSITY OF GASES BRPEES

We have learnt density and the following relationship in the beginning of this
chapter.

Mass(kg) _ m(kg) _ 3
Volume(m3) V (m3) p (kg/m )

Density(kg/m?) =

The unit of density can be (g/cm?®) and (g/mL) for solids and liquids. As mL unit
Is too small and difficult to use in calculations, for gases litre unit (1) is used
instead. Volume of gases is very sensitive to temperature and pressure change.
Therefore, the temperature and pressure of the medium must be considered
while making measurements. The conditions at which temperature is 0 °C and
pressure is 1 atm are called as standard conditions (STP: Standard Temperature
and Pressure).
Ol il 3all Al Lol ALl 5 Adal) 31 sall (g/mL) o) (Bass) p2) (g/em?3) ¢ 0sSE o) (S ALK 528 5 ()
DLl A8US ) s 3aa S Loyl 3330 38 Gl (Ll Ley Jalail) Camaay “an 5 a5 yilile 1 ALS
WS Ly (ulds 1 g phall aaa (o) cang 4gded 6 ) el ds jo g daraally | S 713l il Tl ) asaa o)
s> 1 bias (0°C) &b da 0 Jha 5yl 4 0 (B el Lxie Gy ) o lall ey ol )
. (STP) Asuadl) o ,kally

Example 1 -6

If you know that a density of a gas is 0.7 g/L and it occupies volume of 490

cm?® at STP. What is the mass of this gas ?
¢ )13 ABS ale STP aie 490 cm? o_laie Laaa Jadn 5 0.7 g/L "5kt e e 48U 1)) cadle 13

Solution:

Firstly, we need to convert cm®to L.

=0490L

\"Kf 1L

\% (L) — 490 ¢ X W
We use the following relationship to calculate mass of gas.
(g)=pP(8/L)xV(L)

(g)=0.7 (g/1) x 0.490 (1) = 0.343 g

Exercise 1 -4

The mass of a gas is 0.4 g and its volume is % L. What is its density under

standard conditions ?
‘)m\:\s‘sﬁuSTPm‘)ﬂ@‘)b‘)\mmJ&uﬂ)e‘ﬁo4 :JLQ:\JSSQJ\S\J\
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1-10- MOLE CONCEPT

Mole (n) :The amount of substance which contains atoms, molecules or ions
as many as Avogadro’s number is called as 1 mole of substance.

Bl (e aal g e g 5 ala sl aae a8 gl ol il a5l @l pd e g giad S Balall 40aS 1 sl

Avogadro’s Number :It is either number of atoms in 1 mole of an element or

number of molecules in 1 mole of a compound. Its value is 6.023x10%.

Letad S el e 2aly g (8 iy sall de gl jeaie (e aaly Jse (& IA 230 L) 58 : g ol sl o
6.023x10%

We use the following equation to calculate mole number (n) :

mass (m) (g)
molar mass (M) (g/mol)

n (mole) =

1-10-1-Molar Mass

Molar mass : It is the unit of mass of 1 mole of atom or 1 mole of molecule
in gram unit. Its unit is g/mol. A
s/ pa Lgon s ol pall sas gy e s 3all (0 Jse 1)33JM\QAJJA12£SBA;)¢A 24 gal) ALK

In order to calculate final masses of these molecules, we use relativistic masses

of atoms which make up them :
Leie (0 5SE i Al 3 S paiioss ¢ iy Jall sded Al JIU Ciloa Jal (e

Molar mass of matter = Total relativistic masses of atoms which make up matter
salal) Leia (5S35 ) <l A AN dppaail) JiSH = 3aLall 44 all ALY

For example, if we want to calculate the molar mass of methane gas (CHy) or
if we ask what is the mass of 1 mole of methane gas, as each methane molecule
has 1 C and 4 H atoms, 1 mole of methane molecule contains 1 mole of C atom
and 4 moles of H atoms. According to this, we can calculate the mass of 1 mole
of methane gas as follows:

Massof 1 moleof C=1x12=12¢
Mass of 4 molesof H=4x1=4¢g

Mass of 1 mole of CH4 =16 ¢

A ohammed A/Iﬂlfz’d QS izt




In the same manner, we can calculate molar mass of H2SOg4 acid.
Mass of 2 molesof H=2x1=2¢g

Mass of 1 moleof S=1x32=32¢g

Mass of 4 moles of O =4 x 16 =64 g

Mass of 1 mole of HpSO4 =98 g

all atoms and molecules are bound with the following :
a) Atomic mass and molar mass

b) Mole
¢) Avogadro’s number

Avogadro’s number or Avogadro’s constant is the number of atoms in 1 mole
of an element or number of molecules in 1 mole of a molecule. It is shown
with NA. Previously, we have mentioned that atoms, molecules or ions as

many as Avogadro’s number are called as a mole.
slizans) 385 iy dall 5 A e daal) i e (5 it ol jall 3as 5y Lgte T puma 4 gl ALK ) 4, 30 ALl
Jsall and i V) 5l iy 3all 5 A1 cpe aaal) 138 e 4y gisall 2aS)) e skl Laiag(Np) 52\ i) 2am

1mol O, 1 mol H.O

number of

number of molecules
molecules

6.023x10% % 6.023x10+

Oxygen molecules Water Molecules
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Example 1 -7
Calculate molar masses of the following compounds :

a) Aqueous sodium sulfate NapSO4. 7H20

b) Juglone C10HEO3

c) Sulfur dioxide SO2

Solution:

a) M (Na,50,.7H,0) = (2 X 23) + (1 x 32) + (4x16) + 7(2 x 1+1 x 16) = 268 g/mol
b) M (c,0hg09 = (10 X 12) + (6 x 1) + (3 x 16) = 174 g/mol
) M (so,) = (1 % 32) + (2 x 16) = 64 g/mol

Example 1 -8

Find out the mole numbers of the following compounds :
a) 9.6 g of SO

b) 85 g of NH3

Solution:

a)Molar mass of SO2 :

M (so,) =(1%32)+(2x16) =64 g/mol

— mass (m) (g) __96() _
4 (mole) " molar mass (M) (g/mol) " 64 (g/mol) = 0.15mol SO2

b)  Molar mass of NH3:
M (NHy) = (1% 14) + (3 x 1) =17 g/mol

— mass (m) (g) __85@® _
n (mole) "~ molar mass (M) (g/mol) T 17 (g/mol) =5 mol NH3

Mﬁh}m




Exercise 1 -5
Perform the following conversions.

a) 3.2gCu= mol Cu  (Cu= 64 g/mol)

b) 0.2 mol Ag= g Ag (Ag=108g/mol)

c) 1 silver atom =

d) 3.01x10% Fe atoms = mol Fe atom = g Fe (Fe = 56 g/mol)
e) 6.4g Satom= atoms (S = 32 g/mol)

Exercise 1 — 6

a) What is the mass of 0.04 mole of N, ?

b) What is the number of moles in 5.6 g of PCls ?

¢) Calculate the molar mass of the gas which has 22.54 g in 0.23 mole.
Example 1 -9

Calculate the mass of 0.7 moles of MnO».

Solution:

M mno,) = (1% 55) + (2 x16) =87 g/mol

m (g) = n (mol) x M (g/mol) = 0.7 (mol) x 87 (g/mol) = 60.9 g MnO,
1—-10-2 — Applications of Mole Concept A el o Jgall 5 S8 ke
Example 1 -10

a) Calculate the number of moles of 3.01x10% water molecules.

b) Calculate the number of molecules in 0.02 mole of CO».

Solution:

number of molecules _ 3.01x102%%
Avogadro’s number (Np) 6.023 x 1023

a) Number of moles =

=50 moles H>O

b) Number of molecules = number of moles x Avogadro’s number

Number of molecules = 0.02 x 6.023 x 102 = 1.2 x 10?2 CO2 molecules

A ohammed A/Iﬂfb’d libiah




Example 1 - 11

Calculate the number of molecules in 170 g of H2S gas.

Solution :

M s = (2 X 1) + (1 x 32)) = 34 g/mol

mass (m) (g) _ 170(g) _
molar mass (W) (g/moD) 34 g/mop > M| H25

n (mole) =

Number of molecules = number of moles x Avogadro’s number
Number of molecules =5 x 6.023 x 10 = 3.01 x 10%* H>S molecules

Exercise 1 -7

Calculate the number of molecules of SiO2 found in 1mg of dust. (Assume

that dust particles are made up of 100 % SiO2.)

SiO; o) U= e Img WS Jay don (B 33smsall SI02 OsSlud) anS il Sl Gl e e oS
&l 96100 e s 5ind Jall daa

Exercise 1 -8

Calculate the number of moles of each of the following :
a) 3.01 x 1022 N2 molecules
b) 4.82 x 10%* iron atoms

1 - 11 — Mass Percentages of Elements in a Compound
LS pall (8 pralinll 4 aall Al
There are two methods to learn molecular structure of a compound. The first
Is to determine the number of atoms of all elements in the compound, and the
second is to determine mass percentages of elements in the compound. For
this, the following steps and formula can be used to find out masses of
elements in 100g of a compound.
S el € 3 B ARl eaie JSI AN dae 48 yaa Ll LS el 4 Sl SIS Caa ) Gl 5l s 8
<100 g b ainll el 2 aae ) ol 13 8 AR juabiall J5S AV, 2 giall Cauill 43 paa Legaili
o LS5 S ) oo 8 Jay peaie JS A sl Dl slag) S adde 5 oS yall
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a) To find out molar mass of a compound from molecular formula

b) To determine mass of each element in a compound (by multiplying atomic

mass with no. of atoms)

¢) To find out mass percentages of elements in a compound :

Mass percentage of an _ Molar mass of element x number of atoms

- = x 100%
element in a Compound Molar mass of the compound

Example 1 -12

Find out mass percentages of C, H and O in

pentyl acetate (C7H1402) compound.

& OS5 O el 5 O Sl e JST A sl Al Cal
(d2l 3 s L 5 i 8ake ) (C7H1402) dii 5 ) COA oS

Solution:

Molar mass of C7H1402: ‘ Piion
Mc,Hy,0,) = (7 % 12) + (14 x 1) + (2 x 16) = 130 g/mol . -

According to the equation above, we can find - @ Hydrogen

out mass percentages of elements. Isopentyl is a substance made by bees
QEYIS“—‘SJAM @H’Maﬂ}kﬁj\ m‘ &_ILuAe:\gamc\AﬁM\ s g

x 100% = 1’;—40 x 100% = 64.61 %

7 X12

130
14 X1

% H = g~ 100%:%>< 100% =10.77 %

%C=

% O = 221° % 100% = =% x 100% = 24.62 %
130 130

Sum of mass percentages of elements is equal to 100%
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Example 1 - 13

a) Find out mass percentages of elements in CoH2O4 acid.

b) What is the mass percentage of crystal water in C,H,0, .2H,0
compound
Solution:

a) Molar mass of CoH204
Mc,H,09 = (2 X 1) + (2 x 12) + (4 x 16) = 90 g/mol

2X12

%C= 5 > 100%:92—0>< 100% =2.22 %

% H = 2:01 x 100% = % x 100% = 26.67 %
4 X 16

%0 = x 100% =22 x 100% = 71.11 %
90 90
Sum of mass percentages of elements is equal to 100%
b) For CoH204.2H20
M(c,H,0,.2H,0) = (2 X 12) + (2 x 1) + (4 x 16) + 2 [(2 x 1) + (1 x 16)]
M(02H204,2H20) =126 g/mol

For crystal water

% H,0 = 2228 x 100% = 28.57 %

126

In order to find out the mass of any element in a compound with a known mass,
molar mass of compound and atomic mass of elements are used. This

calculation can be expressed with the following formula :
F Y sl alaaiuly @lld g ¢ S e

Atomic mass of element in the compound X mass of sample

Mass of element =
Molar mass of compound

Mﬁlﬂlm




Example 1-14

Find out the mass of Ca in 20 g of Ca3(POg)2

Solution:

Molar mass of Ca3(POg)2:

M(cag(Poy),) = (3 X 40) + (2 x 1 x 31) + (2 x 4 x 16) = 310 g/mol

If we insert the values in the formula above; Mass of Ca = (=49 ) x20=7.74 ¢
310

Exercise 1 -9
Find out mass percentages ofelements in CH3COOH acid .

Exercise: 1 -10

50% of by mass of a 2.2 moles mixture of He and Ar gasses is He. Calculate
the mole number of He in the mixture ? He = 4, Ar =40

Exercise 1 - 11
Calculate the mass of Na in 25 g of Na2C03.10H20

Example 1 - 15
In 10 g of CuSO4.5H20,

a)Find out mass of Cu.
b) Find out mass of crystal water.

Solution:
a) Molar mass of CuSO4.5H20 :
M cuso,sH,0) = (1 X 64) + (1 x 32) + (4 x 16) + 5 [(2 x 1) + (1 x 16)]
M cuso,.5H,0) = 250 g/mol

b) Using the same equation :

Mass of crystal water = o

X5 _
S0 x10=3.6¢

Al oha éd Ahmed OSpins




1-12 - CHEMICAL FORMULA Al pal

A chemical formula : is a formula which gives detailed and clear information

about atoms that form a chemical compound.

Molecular formulas contain symbols of elements and numbers written
underneath those symbols. Chemical formulas can be classified in three groups
as empirical formula molecular formula and structural formula

m&am}mﬁm}mﬁdamty\ésubwu)u

For example, the molecule of benzene is shown in
three different formulas below.
bbj\ﬁb&aﬁ%uﬁw‘)ﬂ\ "Lﬁﬁd‘_}‘:&“‘ JLLA\J:\MGJL

1-12-1 Empirical Formula L sl dapall

Empirical Formula :Itis the simplest formula of
chemical compounds. It shows relative numbers

of elements which form a compound.
Lu.uu\dds: )@.L:.: “\_LIL\AASM ubS)Aﬂw.L:u.\\GA} MJ;J\M\

CeHg = (CH)g LS e J8A5 AN yealiall (4

Benzene molecule

How is empirical formula of a compound found?
P LS all Lpma  Bipuall ol A4S

We should follow the steps below to find an empirical formula of a compound:
LAY ) ghaal) i LS jall Ay gl Aageall syl 5 ]

a) The elements forming a compound are analyzed.
el Qa5 yhay S yall S 53 3 A yitil) g ALalal) jealial) (pppns (]

b) The ratio of number of atoms is found by dividing mass of element or its

percent ratio with atomic mass.

Mass of element or percent ratio

Ratio of no. atoms of element =

Atomic mass

éd’ A/zmo’; OB itz




c) In order to get the simplest ratio of number of atoms, we need to divide
number of atoms of element to the number of atoms with lowest ratio and
round it up to nearest integer.

A Jan) (e J ganll @lld g unia 23 8 ) iy Leie das sl e paiall &l )3 23e dpd and
2o L.,E\ cgla\).ﬂ\ Al

. . Number of atoms of each element
Simplest ratio of number of atoms =

The lowest value of number of atoms

We get the empirical formula this way. saLall Lpna ) Aapall i Sl3 (g g
Example 1 - 16

It is found that one of the gases consist of 20% H and 80% C . Find the
empirical formula for this gas .

Solution:

We divide ratio of each element to its atomic mass:

Percent ratio of element
Number of atoms of element =

Atomic mass
Number of atoms of H = ? =20

Number of atoms of C = % =6.6

We divide the results by the smallest value and get it close to the nearest
number.
e 230 Y g A sl e A8L) Causil) s

Number of atoms of each element

Simplest ratio of number of atoms =
The lowest value of number of atoms

The simplest no. of atoms of H = % =3

The simplest no. of atoms of C = % =1

The empirical formula of gas : CH3

M%ﬁb[lldb




Example 1 —17

Cholesterol is an organic compound and it is found in almost every tissue of
human body. Therefore it causes occlusion in veins. It contains 83.87% C,
11.99% H and 4.14% O. Find out the empirical formula of cholesterol.

G Ol Al blal i ge e Jgmall 58 5 amal) Al paea (B Ly )85 s g ¢ (5 pae S e J g i S
§J sl oSI dmaia gll Al 2 ) ¢S 6190 4,14 5 (5508090 11.99 5 0 52 18% 83.87

Solution:

We divide ratio of each element to its atomic mass:

Percent ratio of element

Number of atoms of element = :
Atomic mass

Number of atoms of H = %99 =11.99
Number of atoms of C = % =6.989
4.14
Number of atoms of O = - 0.258
We divide the results by the smallest value and get it close to the nearest
number. zasaa e o Y g A la jial e A5l coil) auds

Number of atoms of each element

Simplest ratio of number of atoms =
The lowest value of number of atoms

11.99

The simplest no. of atoms of H =——=46
0.258

The simplest no. of atoms of C = % =27

0.258 _

The simplest no. of atomsof O =——=1
0.258

The empirical formula of gas : C,7H460

Exercise 1 —12

After burning a medicine, it was found to contain 74.27% carbon, 7.47%

hydrogen, 12.99% nitrogen and 4.95% oxygen. Write down the empirical

formula of this medicine.

Syl 96 4.955 e % 12.99 5 (a0 7.47 5 05 )S% 74.27 e s sty bl )
?L._.,’_.\H\ J\j:d\ \'A@ 4;_\..4 .1::....@\ GM.A
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Exercise 1 — 13

What is the empirical formula of a compound consisting of 7.8 g of K ,7.1¢
of Cland9.6gofO?K=39 CI=355 0=16

1-12 -2 — Molecular Formula

Molecular Formula: It is the formula which gives detailed and clear
information about elements which form a chemical compound.
LlasS US jo JS5 () jualiall e Aol 55 Aliaie e glaa (axd Al dxpal) a0 Jal) Axpall

It is the chemical formula which expresses the real number of atoms found in

a molecule of a substance.
L83l (e 3l 5 o5 n S i o AS i) pualiall )N sl aaall it ) AnLaSH Apall

In order to find molecular formula of a substance, the following steps are
applied: DAY @l shall s salall 4y jall dapall dlag) 5 (e

a) Empirical formula is determined as mentioned before.
Ll Ly e LaS Balall A o)) drpeaall 7 jaiss -

b)  Molar mass is determined by adding atomic masses of elements.
s jualind 4,000 IS gan o Gl ¢ Agmn sl Areall 4 gall ALK Conens -

c) Molar mass of substance (molecular formula) is determined.
(At sal Lall ) alall 4 sall S slay) -

d)  We get the empirical formula unit by dividing molar mass of molecular

formula by molar mass of empirical formula.
S ) Fageall clas 5 e Jumnil dgam gl dreall 4 sall S e 3y ) dgall A gall VSN 0l -
» A0 A8dlal) e\qs;'wi_) lde J pandl (Sa dunia ol dapall Cilas g

Molar mass of molecular formula

Empirical formula unit = Molar mass of empirical formula

e) The result of division is multiplied with empirical formula and molecular

formula is determined
A el Bpall e J sanll A gl igeall 3 Aol Jeala (o jumy 2 -

Molecular formula = empirical formula x empirical formula unit

Mﬁh}m




Example 1 - 18

Molar mass of an organic acid is 60 g/mol. 40% of this compound is C, 6.7%

Is H and the rest is O. Find out the molecular formula of this acid.

CpanS sl Bl s (a5 50806 6.7 5 00 % 40 e ssisas = 60 g/mol 4 sall 43S (g gme jaala
§ 5 saanll (aalall 4 jall dxpall aa 4l

Solution:

Percent ratio of O = 100 — (40 + 6.7 ) =53.3%

1) For each element, percent ratio is divided to atomic mass:

Percent ratio of element

Number of atoms of element = :
Atomic mass

Number of atoms of H = 6—17 =6.7

Number of atoms of C = % =3.3

Number of atoms of O = % =3.3

We divide the results by the smallest value and get it close to the nearest
number. Zanaa e @AY g Al b jral e A4 i) 4

Number of atoms of each element

Simplest ratio of number of atoms =
The lowest value of number of atoms

The simplest no. of atoms of H = % =2

The simplest no. of atoms of C = % =1

The simplest no. of atoms of O = g =1

The empirical formula of gas : CH,0
Mch,0) = (1 x 12) + (2 x 1) + (1 x 16) = 30 g/mol

Molar mass of molecular formula _ 60 g/mol _

Empirical formula unit = — = =
Molar mass of empirical formula 30 g/mol

Molecular formula = empirical formula x empirical formula unit = CH2O x 2

Molecular formula = CoH409

A ohammed A/Iﬂfb’d libiah




Example 1 —19

The empirical formula of an organic compound is known as CoH40.As molar

mass of this compound is 88g/mol, find out its molecular formula.

Solution:
CoH40
M (C,H40) = (2x12)+ (4 x 1)+ (1x16) =44 g/mol

Molar mass of molecular formula _ 88 g/mol _

Empirical formula unit = — = 4
Molar mass of empirical formula 44 g/mol

Molecular formula= empirical formula x empirical formula unit= CoHz0 x 2
Molecular formula = C4HgO»

Exercise 1 — 14

Caffeine is found in tea, coffee and chocolate. It contains 49.48% C, 5.15% H
and 16.49% O. As itsmolar mass is 194 g/mol, find out its molecular formula

Mﬁh}m
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CHAPTER-2

GASES
2 -1 - PREFACE

We live in the layer of the atmosphere in which gases are found most densely
Is called as troposphere. It consists of 78% N, 21% O, and 1% other gases.
Most of this 1% is CO,.In nature,some substances are found in gas form at 25
°C temperature and 1 atm pressure conditions. In the following table 2-1,
those gases and their symbols are given.
e 78 % (o Lgena S 3 dugrg A B e X Al gsall G e ddida Jan) & (el o
AULLYL L eball daudll COp Jle dSiys Ly yfiddlise @l jle 50 1% 5 O & 32 21% 5 NaJl—
(3, 40 atm ) Cos ka4 Sl Allad) 8 ol gall (e a2l aa gy Sl 1)

Table 2-1 Some Elements and Compound in gas form at room temperature

Chemical Symbol Element Chemical Formula Compound

Hydrogen HF Hydrogen flouride

Nitrogen HCI Hydrogen Chloride

Oxygen HBr Hydrogen Bromide

Fluorine HI Hydrogen lodide
Clorine CO Caron monoxide
Neon CO Carbon dioxide

2

Argon NH, Ammonia

Krypton NO Nitrogen Monoxide
Xenon NO, Nitrogen Dioxide

radon N,O Dinitrogen monoxide

SO Sulfur dioxide

2

H.S Hydrogen Sulfide

2

Adohammed A/liﬂﬁd O ritat




GASES

Molecules of matter can be studied most easily when they are in gas form.
Gas molecules occupy 0.1% of the medium in which they are found; the
remaining is space. Therefore, gas molecules move independently. As gases
have compressibility, their volumes can be reduced, they can be liquefied by
pressure and cooling.
W1 eban U Leal) ol (Sl dpalie W) o Hlall 8 aa 3 Al Balall GV e Alls AT cailS A jlad) A) )
Ol s A sl 8 salall 585 Ladie g <y Sl Gy ja eaa ) Y Lagil Juad) 5 Jaasll1 4 ) 1) 8 L)
Al (g lall 8 A lall iy jad) Jads e 3l a8 daid Ll () 55 il Jadl (g sandy degd Las | )5S
L8 Jie JS8 Ca peaty Sl e esia IS Gl N £ 58 ¢ S8 AL Lal aling 3 jall (30 0.1% i
|pea dens muad Jll Jloy 3 il g bacall g S JSG deaa jraay g daiay o) Slall (So AN 4w
A Jal g s 3l yall da oy Jaralls | S < Sl asaa S G JlE A 5 a0l

2—-2-VOLUME

VVolume : is the area which matter occupies. Volume of a gas is as much as
the volume of the container it is inside.
APAEQAY Lfﬁ\ M}\AJ\ r-;;;j )\.um de\ A Al L@Jﬁ;.\ L_rd\ Aalill (anj\

Volume is shown with V and measured with I, ml or cm3.

To convert units of volume :

1L =1000cm?

1L =1000 mL

1 cm?® =1 mL conversion are used

Example 2 -1

What is the volume of an 800 cm? sample of NO, gas in liters ?

Solution:

1L

_ 3
V(L) =V (cm’) x 1000 cm3

Exercise 2 -1

What is the volume of a 0.125 L sample of O gas in millilitres (ml) ?

Adohammed A/liﬂﬂd OB st




GASES

2 -3 -TEMPERATURE

In Chapter 1, when we have mentioned temperature, we have told that there

are different temperature scales, the Celsius (°C) and Kelvin (K) following

formula to convert Celsius (°C) scale to Kelvin (K).

Tl ey K GAS Aa st Ld e 0 5°C Al Aajall o4 5 all ds 3 e il (lias 5 cllia ()
DAY A8 padins GAIS Aa 3 ) A bl Aa ) g il

T(K) =t (°C) + 273

Example 2 — 2

The temperature of water in a container is 80°C whereas the temperature of
water in another container is — 13°C. What are their temperatures in Kelvin
scale?

Solution:

First container :

T (K)=t(°C) + 273 =80°C + 273 =353 K

Second container :

T (K) =t (°C) + 273 =— 13 °C + 273 = 260 K

Exercise 2 — 2

a) —100°C b) 1°C c) 127°C
Write down the temperatures above in Kelvin scale.

2 —4 - PRESSURE

Pressure: is the force (F) applied to per unit area (A)
(A) alue saa s IS e ddadll (F) 358 s sl

symbolizes it(P). While pressure in open air is measured with a barometer,

pressure of a closed container is measured with a manometer.
e silall Guliay ol Yl da sraca (a8 Laiy e g )Ll (ubiias (g sadl Jaraall (uliy5 (P) 41 3e s

F (Force) p= 1N(Newton)
A (area) m?

Pa (Pascal) =

Adohammed A/liﬂﬂd OB st




GASES

Units of pressure are Pascal (Pa), atmosphere (atm) and Torr. The relationship
between them is shown below.

1 atm = 101325 Pa

1 atm = 760 mmHg

1 atm =760 Torr

1 Torr =1 mmHg

1 atm =76 cmHg = 760 mmHg = 760 Torr
Example 2 — 3

What is the equivalent of 688 Torr pressure in atm?

Solution:

1atm 1 atm

P (atm) =P (Torr) X =688 Torr X = =0.905 atm

Exercise 2 — 3

What is the equivalent of 1.5 atm pressure in Torr ?
2-5—-THE GAS LAWS < Sl il 58

2 —5—1—Volume-Pressure Relationship (Boyle’s Law)
(Jose o5i8) Jaaall 5 anall 48N

For gases He used a U-shaped glass tube with one arm shorter. The short arm is
closed and filled with some gases and when mercury is addedfrom the open
and long arm, it starts to apply pressure on the gas. Until the gasis compressed
to some volume, the amount of mercury increases and as shownin Fig., the
volume of gas has decreased.

Mhabe\._"n))}m;.«d\ )L:J\L)Adax.awa)uaﬂ\ dhﬂ\{PwA}mdu);dSouc ;_\).u\e_\;_u\ .JS}
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Boyle observed that as pressure increased, volume of air decreased at constant

temperature and the gas amount. Thus, Boyle’s Law is stated :
gl s (Olad) 4S5 5,0 all Aa )y i die) cdgle Jaluall Tl o) LS & ¢l el aan o) oo JaaY
ool g nedll 458 sy pas

Boyle’s Law: as long as temperature and amount of gas are kept constant,

volume of gas is inversely proportional to pressure applied to it.
Adle Bablaal) Iaxcall pe Lo ity el aaa (8 ¢ A0l 3L A 53 ) jall da pa calla Wl Jysa ) 538

This relationship is shown mathematically as follows:
i by S50 A8 i aua g B

V «a 1 and V=K
P P

PV =k (K is constant)

That means the product of pressure and volume is equal to a constant. According
to this law, at constant temperature, for a certain amount of sample gas
under P1 pressure and V1 volume is taken and if we would like to change

P2 pressure or V, volume of this gas, we can use the following equation:

a3 V1 s cld e e die a6 die 5 435 $aS (5 by Aa Al anally aaall G el Juals ) )

Aa)n LlEaY) ge P2 haiia sV/2 4eas muadd Slall 138 Cag oyl jaat Uad g 4005 3 ) s da o 2ic P ] b
Jss O oan e O Pl lda 8 T 1 Al 50 el

P1 xV1 =P2 xV» (constant temperature and constant amount of gas)
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GASES

Example 2 — 4

The pressure of perfume in a 0.5 L bottle is 3atm. If applied pressure were 4
atm, what would be its volume ?

Solution:
P1 . V1 = Pz . V2

1
=L
Vv, = PVs - GaMGD _ g 400

P, (4 atm)

Example 2 -5

a) 1L ofagaswas filled in a cylinder under 1 atm pressure. When a weight
was put on it, the volume decreased to 0.5 L. Assuming the temperature

was constant, calculate the final pressure.
_cJ\);j\A\AJAg_U.uUA\J.ﬁ\L_ACLM\‘&LM

b) Divers are subject to 1 atm pressure over the surface of water. At constant
temperature, in 20 m depth, how much pressure is applied to divers? (Due
to the weight of water, assume that pressure increases by 1 atm at every

10m)
mmmdﬂ\wm om dwg\ﬁﬂ\chmmua\)d\ujslatmgﬂlw\m -«
o Tamall ol sell 055 e 1 atm s_laie Lkl Usia ki 10 M JS o) Gl 1 e 20 M Gae
_a)\)L“‘L;J.JL_s).uua\)ﬁ\

Solution:

a)Pl.Vlsz.Vz

P1V1 (1 atm)(l L)
Vs, (0.5 L)

P, = =2 atm
b) As the pressure on a diver increases by 1 atm at every 10 m, the pressure in 20
meter depth is 2 atm. Therefore, total pressure applied to the diver is 3 atm

to take the pressure over the surface into account.
20 M Gee o ade Laliall azcall o S 1A al 2ll e 1 atm elate Uaza Ll 10 m IS o) Wlla
ade g sall larall Zdlal Gy g cuin 3 atm Geadl 138 die agle laludl) bl muaws ale 5, 2 atm s
1 atm &L

Exercise 2 -4

If the pressure of 50 L of gas in a balloon was reduced from 1 atm to 0.9 atm,

what will be the final volume of the gas ?
Uaai g gl A&l ledie deaa b, 1 atm baseia <3 50 Lo o8 Laas iy e e (5 58y (5 9a Aaia
¢ 0.9 atm aJ..\.ﬁ. Ua el
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GASES

2 — 5 — 2 — Temperature and Volume Relationship (Charles’ Law)
(J)qu}.\lﬁ)b)\‘);j\é\;).ljeaaj\éﬁk

When temperature of all gases increase, also their volumes increase. To

measure volume increase by rise in temperature, a gas with a certain mass is

filled into a cylinder with a moving piston as in Figure

da 3 33l aaad) 8830 31 el Llee (S ¢ Ll da ) ad i Ladie aaaldl (8 20aT Gl ) e )
AL e 58 LaS S 335 e ) ghans) (8 JLad AU ALS umy @llh 53 ) jal

A) Volume of heated gas increase and piston moves up.
B) Volume of cooled gas decreases and piston moves down.

When the mass over the piston is constant, the gas is under constant pressure.

When the gas is heated, the piston moves upward and the volume of the gas

Increases. _

oSl 1 el s LalS 4l sl g el Jaes die 835 HLad) e Al L8 AU Sl 48 (558 ALK ) Cus
aaallaly gz lall dl ey

Charles” Law : At constant pressure, change in volume of any amount of ideal

gas is directly proportional to change in its temperature in Kelvin.

da 0 8wl e UGyl iy Bl ) e d3aS (gl ama 8 a8 ¢ paisal) Lzl die ;3L ¢ 8
A ‘_g 45 ) s

Va Tand V=KxT

\%

== k (K is constant)

Generally, for a certain mass of gas, at T; and T, temperatures, V; and V;
volumes are considered. In this case, at constant temperature, temperature
volume relationship is as follows:

O I s e i s ) m (i3 e e G e £ e e Jula ¥ e IS b
(VS Iarall s die 5l jal) s a5 anall dalal) AR aladin)
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GASES

Vi _ 1

e At constant pressure and amount of gas
1 2

Example 2 — 6

A balloon was filled with air until its volume reached 4 L at 27°C. What will
be its volume when we put it in a fridge at 0°C? (Pressure is the same for both

temperatures.)
Lale Baaaall & dmia s 20 O Il aaa L 27°C 500 a da )1 4 L 4ens sl (s 6 5l (AL (5ll L
(il 8 culi laraall ) 0°C Wil s Aa 0 ol

Solution:

We convert temperature from °C to K.

T (K) =t°C + 273

T, (K)=27°C +273 =300 K Vi=4L
T, (K)=0°C +273=273K V,=?L
After conversion, we find the volume by Charles’ Law.
n_n

T, T,

Vi Ty _ (4L)(273 K)

V2 =
T (300 K)

=3.64L

Exercise 2 -5

1 L of CO; is found in a balloon at 27°C. What happens when we put the

balloon in a pool at -3°C ?

3l ada yn 3y s (B s ladie Il aaa L 27°C 3 a sy A 1L 4was o4 A COp Sl
¢£-3°C
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GASES

2 —5— 3 — Pressure-Temperature Relationship (Gay-Lussac’s Law)
(sl & O538) 3 jall dx ja g Jarazall 4830

When with constant volume is heated
,its pressure increases

When with constant volume is cooled
,its pressure decrease

o

Gay Lussac’s Law : Pressure of a constant amount of an ideal gas with a

constant volume is directly proportional to its temperature in Kelvin.
AL 45 ) e A ) e B e iy Ol aaay B le (e 2000 A dasa el o la (538

This expression is shown as follows:

PaT : P=kxT : = (k : constant)

T_

For gases at two different temperatures (T; and T,) and two different pressures
(P, and P,), the following equation are used:

LY Al

Py _ P

(Volume and amount of gas constant)
, T

Example 2 -7

Why shouldn’t deodorant and spray cans be disposed of in fire? We can under

stand the reason better with the following question. The pressure of a spray

can is 3 atm at 17°C. What will be its pressure at 187°C ?

G5l g phra gedle dlal (b (a8 e s JU sl 5 sall G lase e e a2z Ly oaly I
01870C1§JJ§DJ‘)}‘;\ uaﬂ\.q..\.xc L@.’:uua y LAl?oCDJ\PAAJ..\.}}?)atmLM&_\M‘)LC‘;Q

Solution:

When temperature increases, kinetic energy of molecules in the can increases.

Therefore, number of collisions of gas molecules with the walls of the can and

also pressure increase. This causes can to burst. The following steps are

applied for solution:

Laae Aaladl ) jans Leilalakaial aae a3y UL Sl Hall 4K jal) 48Ul ala 35 5 ) adl )y &85 5 Ladie 4

it b jlas ) AL qégjl_”d\__\} L yaa e jladl J8 e Jalisall azacall 300 5 ALY
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GASES

We convert temperature from °C to K.

T (K) =t°C + 273

T1 (K) = 17°C + 273 = 290 K

T, (K) =187°C + 273 =460 K

We find out P, through Gay-Lussac Law.

PL_P

T, T,

Py Ty _ (3 atm)(460 K)
Ty (290 K)

Exercise 2 — 6

P, = =4.75 atm

The air pressure of tires of a car is 1.8 atm at 20°C. The car’s owner wants to

go to Basra. When he arrives at Basra, what will be the air pressure of tires at

36°C ?

3)loa dayn 1.8 atm @y 4dl as 8 48 jlus Ul o) sell T (s B ) ) alas (e il a5 da ) o8
DY Jaly ¢ sell Jariia e 36°C L) Jala sl jall da oy Casal 5 puadll I Al ga g 2ic 4 20°C

2—6—-THE COMBINED GAS LAW Gl s gall o 3l
Boyle’s Law

Charles’ Law

Gay-Lussac’s Law

A combined law can be written from those 3 laws :

PV

- = K K (Constant)

We can write the change in a gas with constant amount from P4, VV; and T,
conditions to P, V» and T, conditions.

PV, _ P2V,
T, T,

The equation above is also called as equation of state for a constant amount
of gas.

Adohammed A/liﬂﬁd OB st




GASES

Example 2 — 8

A bubble of 2.1 mL in volume is going up from the bottom of a lake at 8°C
temperature and 6.4 atm pressure. At the surface, the temperature is 25°C and

the pressure is 1 atm Calculate the volume of the bubble at the surface.
che J18°C syl dn 2564 atm bl Cus s gl e el )] 2.1 ML Leans 5 psn o) oa delid

gu\é_ku‘;c%bﬂ)e;;m)latm M\)Z5°CB)\)§\:\+)JQ}_\:\A¢M\
Solution:

We convert °C to K:

T (K) =t°C + 273

T1(K)=8°C+273=281K P1=6.4 atm Vi=2.1ml
T, (K) = 25°C + 273 =298 K P, =1atm Vo =2 ml

We find out V; through the combined gas law.
P1Vi _ P Vp

T T,

V1P Tz 2.1ml x6.4 atm X298 K
P, Ty 1 atm X281 K)

V>, = 14.25 mL The volume of the bubble at the surface

Exercise 2 — 7

\V, =

The volume of a sample of CO; is 4 L at 66°C temperature and 1.2 atm
pressure. At 42°C, the volume becomes 1.7 L. Calculate the pressure at this
temperature. (The no. of moles hasn’t changed.)

1.7 4was muald s ) (22 525 66°C 5l s 4 )u5 1.2 atm b Gaig 4 | 4was CO2 Jle (e e
).\a_ﬁ(d‘*\_\\zlyd.lcuhw.c&u&_\u;\4zoctc‘)\);4;‘)ﬁmL
2 — 7 — THE RELATIONSHIP BETWEEN AMOUNT OF GAS

AND VOLUME (AVOGADRO’S LAW)
(5008 g8 () i8) anall 5 el S 28dle

Avogadro’s Law : Equal volumes of different gases contain equal numbers of

particles at constant pressure and temperature.

da ja g hars die lasal) (e A sluia dlae ] e dabiaal) el 5Ll (pe A sbodiall e\;;‘i\ 5 53 syl gl o) gl
O ) s

The amount of gas is expressed with number of moles (n). According to this :
) J}J\S}é\ad;}u&._\mﬂyﬂ) (n)m‘}{}adduwm)w\wu\

Van
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For two different amounts of gases (ni, nz) and two different volumes (V1,V>)
of them, we can use the following equation.

DAY A8l aladiind (e aild VsV (ailids Cpeaa (i, 5 Np Osialis iy jle aladdinl die
Lok (at constant temperature and pressure)

n; ny

gas tube

t Adding gas

. - 'y -

. Volume decreases ®& Volume increases .

«ts - Tt A2 .‘

open air

When we withdraw gas from the environment, so, number of moles decreases.
When we add some more gas, number of moles increases and gas volume

increases.
ana 2l A 45y g0 2ae Ao G (e A Al die 5 Jlall aaa J& GM A3 0 220 J8 L) s die
(30l As ja g hasaall g die 138 5 ) Sladl

2—7—-1-MOLAR VOLUME Al sall ol

The value obtained by dividing volume to no. of moles is called as molar

volume. As no. of moles is shown with (n) and volume with (V), (Vi)

expresses molar volume.

psmie V (5 sk VM (sl aaall ol elld e JUie 5 40 gall 23Sl s () Y sal) 200 o andlidpaS ) )
whn Y gall 22 e

V(L)

Vim = n (mol)

= L/mol

Molar volume of a gas is equal to 22.4 L (22414 cm?®) at standard temperature
and pressure (STP). (1atm = 760 Torr, 0°C = 273 K).

Molar mass (M) is found by dividing mass (m) to no. of moles (n) :

—-_m@

—— = g/mol
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Example 2 -9

If the volume of 1 mole of hydrogen gas is 22.4 L at standard temperature and
pressure, what is the volume of 3 moles of hydrogen gas at the same

conditions?

i B aaaa Lo ¢ 4ie ] MOl 236 Lexie (STP ) Asulidll oy plall 8224 | %8 Laaas Jadiy (a5 el e
.41 3 moles e Cag bl

Solution:

Vi _ W

n; ny

V2:

Viny, _ (22.4L)(3mol) _
nq (1 mol)

67.2 L

Exercise 2 -8
Calculate the molar volume of 3 moles of a gas with a volume of 36 L.
Exercise 2 -9

If 0.5 mole of a gas has 11.2 L of volume at standard temperature and pressure
(STP), what is the no. of mole when it has a volume of 16.8 L?

2—-8— IDEAL GAS LAW Sl Sl ¢ st
We can obtain a single equation by combining 4 gas laws :

Boyle’s Law
Charles’ Law

Gay Lussac’s Law

Sl< =l 3<

Avogadro’s Law

We can get a single equation from the equations above:
s AoV Azl ) Al e J}.A;ﬂd&u\.@_m:u@uy&ud\ oda day yg

T
Van-
P

When we convert the ratio to an equation: ile drani 8l slse I anliill o e

V = (Constant) n %
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By inserting gas constant (R), we get the final equation will be:
:;\:\EY\BJM\‘;&BPY\:\JAM\C__\@\M(R)&_h‘);ﬂ__u__u\_'\ﬂ\&,\\ﬂ}aﬁ}
PV =nRT ideal gas law

We can apply the equation above can be applied to gases which are applied 4

laws. This kind of gases are called as ideal gases. R is the general constant for

ideal gases(R) (0.082). This equation must be used along with P(atm) , V (L),

n (number of moles) and T(K) units in mathematical calculations.

Ll ) oda Jie e g dan )Y <l J) (il B Lle (gulait Al ol ) e Jasd o 56l e ulay

dasall Cilas 5 0 585 0 cam Ll Aol 03 aladiasd wie 5 <l all alal) Coylill ey s R Jiay g, 40l
COASIL B adl sy 5 Jsall @Y sall dae 5 SillL aaall 5 sally

In order to calculate R value, we take 1 mole of an ideal gas with 22.414 L

volume at standard temperature and pressure (0°C and 1 atm).
423 (STP) danlidll <y plall 8 (n=1) lbia e g g aal g Jgeals R dad alag) 3 5 Ladie
DAl L) Aalaa (A (s 2l 522 414 Lo Leas Jadu Al 51 atm a0 °C o))

PV =nRT

_ PV _ 1latm Xx22.414 L
nT 1mol X273 K

In order to find R value in International System of Units, we take pressure as
101325 Pa (Pascal), volume as 22.4x10° m?, no. of moles as 1 mole and

temperature as 273 K..
25224 x 103 m3 55 ba aaall 5 (101325 ) (JSuly) Jarall (1) A sall claa gl aladiiul (<Yl

=0.082 atm.L/mol.K

PV =nRT
_ PV _ 101325 Pa x22.4x 1073 m3
nT 1mol X273 K
Kg
m.s2

When we use it in the equation above,

= 8.314 Pa.m®/mol.K

Pa unit =

kg 3 kg__ 2
—mS? — 52 m
mol K mol K

kg m?
52

Unit of energy J = So: R=8314J/ mol.K
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Example 2 — 10

The volume of NO gas is 5.6 L. Find out the number of moles under standard
temperature and pressure.

5.6 4ena IS 13 &bl gkl 8 NO e Y 5e 230 Gl
Solution:

Standard pressure and temperature conditions are 1 atm and 273K.
PV =nRT

_ PV _ 1atm X5.6 L

RT 0.0823™m L 273k
mole K

=0.25 mol.

Exercise 2 - 10
Calculate the number of moles of 10 L of oxygen under standard conditions.

2 — 8 — 1 —Calculation of Gas Density

We can use ideal gas law to calculate gas density. According to the following
equation;

As , we can insert(M)in (1).

—-_m@
M (=L

mol

PV =(3)RT

By arranging Equation (4), we can calculate density of a gas with known
molar mass and pressure at a certain temperature.

— PM
" RT
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We can find out the mass of gas or molar mass from Equation (3):
PM = (%) RT

By re-arranging to find mass of gas :

_PMV

RT

Example 2 - 11

Hydrazine (N2H,) is used as rocket propellant. Calculate the density of this

substance at standard temperature and pressure (STP).
Aladl) gl vie 43ES anal | gl sall 1y (N2H2) G2l sued) aadin

Solution:

Molar mass of hydrazine

My, = (2 x 14) + (4 x 1) = 32 g/mol

At standard conditions, the pressure is 1 atm and the temperature is 273K
1 (atm) x 32 (L)

p = Leatm mol = 143 g/L

" 0.082 (2%) x273 (K)

Exercise 2 — 11

Calculate the density of oxygen gas (O,) at 373K temperature and 5 atm

pressure in g/L unit.
.5 atm LM5373 KaJ\JAAAJJUAg/L\_\\A;}a (Oz)umas)y‘ JLCM\:IS&_\MA\

Example 2 —12

Find out the number of moles of a 700 mL gas at 27°C temperature and 0.8

atm pressure.
L 27°C 301435 0.8 atm o8 haa 232700 ML ol Jle due &Y ge 2o Lo

Solution:
The following steps are followed for solution :

We convert the volume of the gas from mL to L.
L 1L

=700 mL x =0.7L

1
1000 ml 1000 ml

V (L) =V (ml) x
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We convert the temperature from °C to K.
T (K) =t°C + 273

T, (K) =27°C + 273 =300 K

From ideal gas law;

PV =nRT

PV 0.8 atm x0.7 L
— i =0.023 mol.

" RT atmeL
0.082 2712 X 300 K

Exercise 2 — 12

Methane is a gas obtained by oil refining. Find out the volume of 0.5 mole of

a sample from meth- ane gas at 27°C temperature and 3 atm pressure.
3 atm bia Gaig 0.5 molle )38 4 due chdA) Jaail) y S5 dlee (e dadlill <l Jlad) aa) sa Ul e
Al aleds g3l (ML) iblell asadl caal 27°C 3 s da )y

Example 2 — 13

The pressure of a gas in a 3 litre container was found as 5.46 atm at 27°C
temperature. As the molar mass of the gas is 44 g/mol, find out the mass and
mole number of the gas.

A5Y ga 220 5 YLl ALK ual, 5,46 atm stk 27°C 5,0 a 3 25 3 L awaa cle g (A e hana o) 2 g
.44 g/mol [l 4 gal) 1SN L Lile cle Sl 8

Solution:

The following steps are applied for solution :

1. We convert the temperature from °C to K.

T (K)=t°C + 273

T (K)=27°C +273 =300 K

2. Using the following equation;

9
PMy  5.46 atm X 44‘% X3L
m = = oL =29.3¢

RT
0.082 ol X 300K

3. Calculate the mole number:;

__m(g® _ 293(8) _
=% (g/mol) 44 (g/mol) 0.67 mol
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Example 2 — 14

At 227°C temperature and 748 Torr pressure, the mass of agas is 0.6 g in a

500 mL container. Calculate the molar mass of the gas.

Sl dasa (b ke 227 °C 300 a 4a 335 500 ML 4eas sle s 8 0.6 g 4SSl 2l pall A sl
. 748 Torr ¢ st

Solution:

The following steps are applied for solution:
1. We convert the volume from mL to L.

V (L) = V (ml) x

L 1L

=500 mL x =0.5L

1
1000 ml 1000 ml
We convert the temperature from °C to K.

T (K) =t°C + 273
T (K) =227°C + 273 =500 K
2. We convert the pressure from Torr to atm.

1latm 1atm

P (atm) =P (Torr) x =748 Torr x

760 Torr 760 Torr

= 0.984 atm

3. From Equation :

RT 0.6g x0.082 2™ L 5001

m L]
M = = mol-K =50 g/mol
PV 0.984 atm x 0.5 L

Example 2 — 15

The molar mass of 0.31 g of a gas is 32 g/mol and it has a pressure of 1.17

atm. What is the temperature when this gas has a volume of 0.23 L ?

Laas Al oda Jadid 3,0 ) da y0 (gl 2ie 1,17 atm biaa a3 32 g/mol Adsall 4K jle 00 0.31 g
A 0.23 olxka

Solution:

—(m
PV =( - )RT
_ pym _ 117 (atm) x 0.23(L)x 32 (-2

- =339 K

moleK

T

mR 0.31 (g) % 0.082
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Exercise 2 — 13

At 127°C temperature and 3.65 atm pressure, find out the molar mass of a gas
with 900 mL volume and 4.41 g mass.

Exercise 2 — 14

Calculate the molar mass of a gas with 0.4 g mass and 280 mL of volume at
standard temperature and pressure (STP).

2—-9-DALTON’S LAW OF PARTIAL PRESSURES
4 jall b gazall o gills ) 58

Dalton’ Law of Partial Pressures: Total pressure of a gas mixture with gases

which don’t react with each other is equal to sum of partial pressures of all

gases in the mixture.

g ane (gl pandl lpiany ae Jelift ¥ Gl jle ae e el S il 1 2 sl Jaaall o gilly 5l
Aalall 8l aead 430 el Lo sl

It can be expressed mathematically:

P+ show total gas pressure , whereas P;, P, and P3 show partial pressures of
gases in the mixture.

Total Number of Moles and Mole Fraction
sl skl 5 2N Y gall 22 5 S dasiall (g 28D

We find the partial pressures using the ideal gas law as follows :
A (| RPN g g LN E 3| P PARPR R IR EN B S TE [ JREN

From Dalton’s Law
Pr=P1+Py+P;3
We insert Equation 1 and 2 in Equation 3.

_ anT
|4

anT
p 4 12BT
T |4

By dividing Eq. 1to Eq. 4 :

nq1RT
Lol v

RT
Pt (ny +ny) v
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By eliminating similar terms :

ng

B (n1 +n3)
We get the equation

nt shows total No. of moles in the mixture. It is found by adding No. of moles
of gases in the mixture.

Nt=nNg+ Ny

Thus, Equation 6 becomes as follows :

mixture over total number of moles.
C S Y sl ae Je g jle dadld 8l oKall Y ga 220 A g gall )
Mole fraction of 1% component is shown as (X;) .
— nq —_
L (ny +1nz) ny
Mole fraction of 2" component is shown as (X2) .

n
X2:—2
nrt

EI\/IoIe Fraction: It is the ratio of number of moles of components in a gas ]

When we insert mole fraction in Equations 7 and 8 :

we get these equations:

P; =X x Pt

We can re-write Eq. 10 as follows :
Pi= X x Pt
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Xi shows mole fraction of a component and P; shows its partial pressure.

Besides, sum of mole fractions of all gases in a mixture is equal to 1. We can

apply this to the previous two-gas mixture:

O ol Adsall ) sl g gana Ol alas () 20 W5 (Sl adara Py josSell (dsall pusll Xidie Cua
P WS (Ole e O sSe g il il 583l JAA) e @lly Bakal (S 5 rasaall a5l (5 slon < S
ny n, — (ny +ny) —

(ng +nz) (np+nz) (ng+ny)

X1+ X, =

Generally, we can write the following equation:
Xi+Xo+ X+ Xy +
Example 2 - 16

In a mixture of noble gases, there are 4.46 moles of Ne, 0.74 mole of Ar and
2.15 moles of Xe. Calculate the partial pressures of each gas. (Temperature is
constant and total pressure is 2 atm.)

2.15 mol 5 (Ar) 0S¥ (< 0.74 mol 5 (Ne) osll Sle e 4.46 Mol s i3 Al Gl e Jads
A3 ) jallds ja 52 atm sl ASI baaall b Wle Hle JS 2 el el sl | (Xe) g W (e

Solution:

The following steps are applied for solution:

1) Total number of moles is found.

NT = Nne + Nar + Nxe

nt = 4.46 mol + 0.74 mol + 2.15 mol = 7.35 mol

2) Mole fractions of noble gases are found.

Xy = nye _ 4.46 mol
Ne — -
nr 7.35 mol

= 0.607

_ Ny _ 0.74mol _
Xar = —==

nt 7.35mol B

0.1

XXe - Nxe - 2.15 mol = 0.293

nr 7.35 mol
3) Using the following formula, partial pressure of each gas is found.
Pi=Xix Pr
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We write symbol of each gas in place of i in the formula.

Pne = Xne X PT=0.607 x 2 = 1.214 atm

Par=Xar X Pr=0.1x2=0.2 atm

Pxe = Xxe X Pt =0.293 x 2 = 0.586 atm

To make sure, we add up partial pressures. (The sum must be 2.)
1.214 atm + 0.2 atm + 0.586 atm = 2 atm

Exercise 2 — 15

Gases obtained by oil refining wer placed into a container. There ar 6 moles
of methane, 4 moles o ethane and 2 moles of propane in i As the total pressure

Is 6 atm, calculate partial pressures of each gas _
4 mol sl 5le e 6 Mol (& W e Jadill ) S5 (e Aadlill Laplall G JBI (e daids e ol (g sing
Je JS Goadl el caval 6 atm L S daxaall () Caale 138 (s il e 2 Mol 5 G (e

Example 2 — 17

Potassium chloride releases oxygen gas under extreme heat through MnO,
catalyst. In order to collect oxygen gas, water is used. Calculate the mass of
gas in grams with 128 mL of volume at 24°C and 762.4 mmHg pressure. (At
24°C, vapor pressure of water is 22.4 mmHg and molar mass of oxygen is 32
/mol .
I\gé\)'l_; J'UZ\ ey elue JaaS MNO2 25 5 4 ganli gall ) ) GIST 30l cpaiidl) e GaanS oY) Jle juas
DL ALS Ciial 128 ML 4was 85 762.4 mmH(Q biia a5 24 °C 5 ) s Aa a JawY) sai el
Aa,% 22.4 mMHQ b slall Jlas daria s 32 g/mol ssbud CpansS DU 4 gal) ALK L Wile ol jall
24 °C 3
Solution:

The following steps are applied for solution:

1) Collected gases were mixed with water vapor. Therefore, in the tube, there
IS @ mixture of gas and water vapor.

Mixture of oxygen and
water va{our
KCIO,» MnO,

Mﬁl}ldb
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The total pressure of oxygen and water vapor mixture is 764.2 mmHg. We

need to find out the partial pressure of oxygen gas.
5l Op Jaa slad Lde 13 sLall a5 Op 3o JS) LIS Jakall 762.4 mmHQ dsal) Jieg

Pr=Po,* Py,o
762.4 =Py + 22.4
Py, = 740 mmHg

2) We convert pressure from mmHg to atm :

P (atm) = P (mmHg) x — _ = 740 mmHg x ——"_ = 0.974 atm
760 mmHg 760 mmHg

3) We convert volume frommL to L :

1L 1L
=128 mL x
1000 mL 1000 mL

4) We convert °Cto K:

T(K) =t(°C) + 273 =24°C + 273 =297 K
5) By using ideal gas law :

PV =ZRT

V(L) =V (mL) x =0.128 atm

mass of gas :

g
PMV _ 0974 atm x 3225 % 0.1283 L
m = = - =0.164¢

RT 0.082 X 297 K
moleK

Exercise 2 — 16

When Ca and water react at 30°C and 988 mmHg pressure, H, gas is released.
Water is used to collect the gas. Calculate the mass of H, gas which is 200 mL
in grams.

(Molar mass of H, gas is 2 g/mol. , Water vapor pressure at 30°C is 32.82

mmHg.)

ads 30°C Bl Aan Jawd) ) slall Aa) 3 pen s slall pe psauallSl) Jeldl o (g pued) Sle pms

Hz e 4l sall ABSH (L Lele Al ol (s g yaedl Ole ABS aal 641 ML 4eas (1S5 988 MmMHQ baa
32.82 mmHg st 30°C AaL slall iy i s 2 g/mol s bus
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Exercise 2 — 17

The partial pressures of gases in a sample of air are as follows: Nitrogen =

569 Torr, Oxygen = 116 Torr, Carbon dioxide = 28 Torr and water vapor =

0.47 Torr. Calculate the percentages of these gases in air through mole

fractions.

569 (S 525116 Torr Ges s il 1 SV Al Gl sSa e Jle JS) Joall araall (IS ¢ 56l (e die

L guna o sedl 8 ) o2a A o4 L 0,47 Torr sl ladds 28 Torr ¢s oSS 5 A Torr
sl sl

Example 2 — 18

At 7 °C, there are 3.2 g of oxygen, 0.4 g of helium and 14 g of nitrogen gases
mixture in a 2 L test tube. Calculate the total pressure of this mixture. (Molar
masses of gases: Oxygen = 32 g/mol, nitrogen = 28 g/mol, helium = 4g/mol)
psbedl (0 0.4 g 5 OonnSW (10 3.2 g DIl e dadds e 7°C 5 )l pada )0 A2 L 4eas 550 5 i
28 (s il 5 32 (5 sbaat (S O A gl QTN (s Lale aglall SN Jaxicall o) (i g 551l (10 14 g 5

.g/mol Slassi 4 2l

Solution:
The following steps are applied for solution :
1)

_ m(g _ 04(g) _
"~ M(g/mol) 4 (g/mol) oL

__m@ __32(
02 M (g/mol) 32 (g/mol)

Nhe

= 0.1 mol

m( __14(8 _
O, = M (g/mol) 28 (g/mol) 0.5 mol

2) We convert °Cto K :
T(K)=t(°C) + 273 =7°C + 273 =280 K

3) We find out the total number of moles of the mixture.

nT = nHe + n02 + nN2
nt=0.1 mol + 0.1 mol + 0.5 mol = 0.7 mol
4) By using ideal gas law :

oL
_ ngRT _ 0.7 mol X 0.082 272 %280 K

molK = 8.036 atm
%4 2L

o%akmmﬂdm}uk@
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Example 2 — 19

Two containers in different volumes were connected via a valve. The volume
of the first container was 1 L and it had CO; gas under 720 Torr pressure. The
volume of the second container was 2 L and it had nitrogen as under 540 Torr
pressure. After the valve was switched on and equilibrium established, what

was the total pressure in Torr? (Temperature was constant).
2 L 4ena S5 720 Torr b @i CO2 & e iy 1 L 4ena ¥ | asleay (Slaia (lele
Bl da jo sl i e aleall 238 vie K Laaall Cusal 540 Torr v @i N2 Sl e (553

The following steps are applied for solution :
1) After the valve was switched on,
the gases were mixed and total

volume was equal to the sum of
two volumes :

1L VZ:VN2+VC02:2+1:3L

540 Torr 720 Torr
2) Through Boyle’s Law, we find out partial pressures of each gas :
Pl . V1 = P2 . V2

14
P, = 7
Partial pressure of CO, gas :

_720Torr Xx1L _ _
Py = —————=240Torr = Py,

Partial pressure of N, gas :

Pz — 540 Torr X 2 L - 360 Torr = PN2

3L
3) Total pressure of the mixture :

PT:PC02+PN2

P+ =240 Torr + 360 Torr = 600 Torr
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Exercise 2 — 18

20 mL of N under 740 Torr pressure was mixed with 30 mL of O, under 640
Torr pressure in a 50 mL container. Assuming the temperature was constant,

find out the total pressure of the mixture.
bxis die 3 02 (e baraa Cady 740 Torr g« 30 mL 0« 20 mL Lls e &l N2 JASH baaall s oS
A3 ) all da o b Wle 50 ML 4eas sle 5 i Ll 25131 640 Torr

2—-10- GRAHAM’S LAW OF DIFFUSION alal <1 Ly ¢ il
EGraham’s Law of Diffusion: Diffusion rate of gases through small holes is]

inversely proportional to square root of its density.
LS a1 3ad) ae Lo iy 5 pall gl jue Ol JGT LIS Jans ;LA Glal ja (538

Let the diffusion rates of two different gases through the same hole be r; and

Iy, their densities be p; and p2 . According to Graham’s law :

D OsSh ) S G slE e
rn_ [z M2
T pP1 Mq

M; and M, are molar masses of both gases respectively.
sl e ool A sall JSU 2 M 5 My &s

Example 2 — 20

If the diffusion rate of oxygen gas through a porous obstacle is 8 mL/s , Find
out the diffusion rate of hydrogen gas through the same obstacle. (Densities
of gases at the same temperature and pressure p(O2)=144g/L, p(H;) = 0.09

/L).
g,.\;j)ﬁ_.;@\ Ol JLin) de i 8 mL/s éjuggnm)';t;deﬂ\ Ol HLam) Aoy ) Cadle 13
0.09 g/L s sbas Crim s el e A8US 5 1.44 g/L (s st GaansS Y1 e DS L e Galall (uéi PO
BJ\)AA;JA)MQA&J})H\U@JM

Solution:;

THy _ [PO2 > "Hy _ 144 g/L > "Hy _ /16
0, PH, 8mL/S ] 0.09g/L 8 mL/S

ry, _ _ e
- mLZ/s =4 —> 1y,=8x4=32mL/s Diffusion rate of hydrogen gas

o%akmmﬂdm}uk@
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Exercise 2 — 19

The diffusion rate of O, gas is 8 mL/s and the diffusion rate of H, gas is 32

mL/s. As molar mass of O, is 32 g/mol, find out the molar mass of H; gas.
O sl A sal) AN Lad | 32 mL/S o souedl Jle L de ju s 8 ML/S 55 Op e Sl de ju
.32 g/mol 5302 — A0 gal) AN ) Crale 1)

Example 2 — 21

If diffusion rate of nitrogen gas through a tiny hole is 2.65 mL/s , find out the
diffusion rate of NH3 gas through the same hole. (Molar mass of N is 28

g/mol, molar mass of NH3 is 17 g/mol.)

DL Ae o Jaee aal | 2.65 ML/S o plaie L) Jaeay e 8 JOA @50 gaa s il Sle (e Aie

17 55— NH3 5 28 g/mol s No (e 4 sall AN Gl Lale |l ud (0 4a 9 )5 2ie NH3 Jle
g/mol

Solution:

™, _ |[MnNH; - 2.65mL/S _ |17 g/mol
TNH; MN2 - TNH; 28 g/mol
Taking the square root of both sides :

7.0225mL/S _ 17

2
TNH; 28

Tn, = 11.56 (mL/s)?

Tvu, = 3.4 mL/s  diffusion rate of ammonia

2—10-1-The Relationship between Diffusion Rate and Diffusion
Time LN ey LEEY) (s A8l

Diffusion rate of a gas is inversely proportional to diffusion time for a given
temperature and pressure. That means as diffusion rate of a gas increases,
diffusion time decreases.

uwm)aJ\PMJJGSJ\Ld\)@\@yu\jwu)dwb\.ﬂ)hL}Aumen)u_\_uum

rn _t

ot

t; and t are diffusion times of the 15 and 2" gases respectively. If we combine

Graham’s laws in one single law :
L,’JL J;\)uyu.\e\.é\)svm\js@;us.uj é\jﬂ\&@d\jd}\]\ JLJJLMJY\ ULAJ‘GﬁtZJtld\Q_\.\A

DAY 3 ) puall
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A sample of hydrogen gas diffuses in 5 seconds through a hole. At the same

conditions, another sample of a gas diffuses in 20 seconds through the same

hole. As the molar mass of hydrogen is 2 g/mol, find out the molar mass of

the other gas. ]

(& ool i s G Gl IR AT (e Jle 0555 (Bl IS s g el Dle e die
2 g/mole (st o s el Had 4 sall ALK o Caale 131 U Slall 3 sal) AESH Gl 20 s

Example 2 — 22

Solution:

T _ tz _ ~ 20s _ M2 A 4 4 M2
,  ty g 5s 2 g/mol 2 g/mol

16 = —22 M, = 32 g/mol

T2 g/mol
Exercise 2 — 20

Xenon gas needs 1 min. 8.3 sec. t pass through a hole. Find out th molar mass

of a gas which passe through this hole in 57 sec. (Mola mass of Xe is 131.3

g/mol)

13 Jad A sal) ALSH ol 3 ytm A sd SIS iy 140 8.3 5 A8y M zlimy o533l Sl e die

A gall ALK L Wle 57 § S oy plall (i g da g8l udi e JUISY) 8 48 jaiul Q) e )1 ) Caale
131.3 g/mol sk Xe o3l ke o

Exercise 2 — 21

Explain the reason why ammonia molecules diffuse faster than perfume
molecules. Dbl s il iy ja e 5S) Ae s L V) il S Ll Jle
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GASES

2 -11-KINETIC THEORY OF GASES <l all 48 al) 4y ylaill
Hypothesises of kinetic theory of gases :

1) Gases are made up of molecules in great numbers. With respect to volume
that a gas occupies, volume of a single molecule can be neglected. In other
words, intermolecular distance is too big. ;

D) el oAl aaaldly &5 i allea) Sy e 44 jall aas Gl ol jall e S a3 (e S5 &) G

s 5508 iy )y S S Ailsall ) g

2) The movements of gases are fast, random and linear. Therefore, gas
molecules collide either with themselves or with the walls of the container
they are inside.

Gl Al ae palaiai sda LS a A 8y cAaiiie Jashadn g 430 gdic 5 day pu AS e Al B L) Gl s

L gl ele dl ol jaa 5 )

3) There are no attraction or repulsion forces between gas molecules.
S il o 8 Sl ilatas Y
4) Pressure applied by gas molecules arise from collisions with the walls of

container they are inside.
Leasing sl ele ol ol pan ae 4dly ja LeBaat Al leabiaill e il Jlad) aaty (3 Jarall o

5) Gas molecules move at different speeds. Average speed of molecules is

directly proportional to absolute temperature of gas.
Dbl Adlaall 551 jall da 5o ae Lk ity Gl jall A8 ja Ao ju Jare o) 5 Adlida & Slall Sl el o

2 —-12 - REAL AND IDEAL GASES Al SR 5 Adiad) il S

Ideal Gas: It is a gas model in which volumes of molecules are negligibly

small when compared to total volume; inter molecular attraction and repulsion

forces don’t exist and intermolecular collisions are elastic.

GV ¢ S aaally 45 e Jiia IS5 8 e iy jall alaal 4 (S5 e za5ai st JAall Sl
A e iy ) (e laabiaill (5S35 ¢ iy dadl G AN 5 il

Real Gas: A gas which deviates from ideal behavior is called as a real gas or
a non-ideal gas. ‘
(e e e ol s e aly ) dglull e Gayay A Sl e 1R S
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GASES

Diversions by real gases arise from two wrong hypotheses of kinetic theory
of gases (This can be possibly true at low pressures.) :
058 La ! 138 5) @l Jall &8 jall 4y kil il b e Gihala (el 81 (e (Sl Aall Gl 3 s )
s Laa g (k) gl da griall die laaia
1) With respect to total volume of a gas, the volume occupied one of its
molecules is almost zero. But at high pressures, gas molecules must occupy
a certain volume. Otherwise gas cannot be turned into liquid or solid.
@ O paa 2 () oy Sl Gl oS8 Oladl JSI aaadly 45 )l 0 saxe o5 Jad) alady 53l aaadl
lia o) Jibe el Jasas oS Y asld Y 5 ddlad) Lo el
2) There is an attraction force between gas molecules. But in fact, there is a
general attraction force. Otherwise molecules would not approach each
other and gas wouldn’t turn into liquid or solid.
Dl Sl e a8 Ll Wy il (5 8 Lo Lad Sl by 5ad S ¢ Qladl Gl e g sl s il 2 a5 Y
Gl s diles A SR Jsay al 5 Lgaany (1a

2 — 13 — CRITICAL PRESSURE-CRITICAL TEMPERATURE
AND LIQUEFACTION OF GASES il el Qi g daal) al ghal

When a certain low temperature is reached, gas turns into liquid. On the other

hand, with increasing pressure, gas molecules approach each other more.

Therefore, as a result of a continuous increase in pressure and decrease in

volume, gas turns into liquid.

¢ baall 330 ) e ¢ s A Al e Jile ) Sl ay ¢ e Anddia 3l ga da )3 ) s ) o Lerie

Joady ¢ paaldl (aliaily baall 8 5 paivea) 52050 A ¢ A ST andl Lpmny (g Sl iy o o i
e )

Critical Temperature: It is the temperature at which a gas cannot turn into

liquid no matter how much pressure is applied.
Liall jlaie e phaill iy Jile ) 5 b Jsal o (S Y Al )l sadl A 50 4 s jalls )l allda o
gl o g2)

Critical Pressure: It is the pressure necessary for a gas at critical temperature

to turn into liquid.
Jﬁu‘;}hﬁbj\);aa)im de\ JH@&J}M\M\}A C)AJ\M\

Critical Volume: Volume of 1 mole of a gas at critical pressure and
temperature 5yl sl @JJ} C);j\ Lariall e JL:J\ el ] FESN ;G);J\ ?-AAM
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2-14—-LIQUID VAPOR PRESSURE Sl e s
[Vapor Pressure: It is the pressure of vapor molecules which are at equilibrium]

with liquid molecules at a certain temperature.
Al Bl s da o die AL Al ) ae o)) S Al 8 oS5 A DA Gl s Jara ga  HA0) daris

2 —15—-BOILING POINTS OF LIQUIDS Jiall glle da
[Boiling Temperature: It is the temperature at which vapor pressure of a quuid]

and atmospheric pressure are equal.
s sal) asall o JALud) LA aiaa Laie: (5 gluciy ) 5l jad) da 0 o8 s cllall 550 a da 0

Question ) What are hypothesises of kinetic theory of gases?

Question ) What are the reasons for the diversions of real gases from
an ideal gas?

Question ) Define the following:

Ideal Gas , Real Gas, Critical Temperature , Critical Pressure ,
Critical Volume , Vapor Pressure , Boiling Temperature
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56 CHEMICAL EQUATIONS AND CALCULATIONS

CHAPTER-3

CHEMICAL EQUATIONS AND CALCULATIONS

3—-1-PREFACE

Chemical calculations have a great signifi cance in our lives. Through
calculations, ratios of reactants and products are determined. Also knowing
reaction ratios of different reactants enables us to calculate amounts of
products. Besides, we can calculate how much substance is needed for a
reaction with another substance. Chemists use balanced chemical equations
while calculating amounts of reactants and products. In this chapter, we will
mention how we can make use of balanced chemical equations to calculate

correct amounts of reactants and products.
O Sasl Jelil b dasll s Aleliiall o gall Cow 2085 Cua ¢ il 8 Al dpea) dibasSll cililiall o)
A gall gaa) (e p3hle Hlate ) ASU A gall AseS Clia (e LT AR A gall Lead Jelds Al 4wl L jaa
dailll g e laall of gall CilaeS Gl (A () il adiay (5 A Bala (e Alime LS g Jeliil] Ale i)
o) a8 45 ) sall AilasSl) Aoleal) (pe 3ol A8 I Jeadl 138 6 G5 ki s | A g 5 sall AiliasSl Alaleall
O Aailil) o sl laeS ilean ) AELeaYL dleliia) o gall danall A0Sl il 46 jral duilasl clilual)
. Jelal)

3—-2-CHEMICAL EQUATION AND CONCEPTS Led sl 5 Aibassl] Alalaal

A chemical equation is a short way to show a chemical reaction using

chemical symbols and formulas.
Al fall 5 5 se,ll AV (JlasS Jelii ge ppeill jalite 35k (8 1 AL Alaladl)

Table shows additional information and symbols used in writing chemical

equations.
e sl e J san) (S Ll 50 il 5 ALl Alslaall S & dariiall sl Jsaall oy
Agilal bl ¢ a3 Lac L Al

Symbol Use

———» | *separate between reactants and products

(s) *indication for solid/abbreviation of solid

)] *indication for liquid/ abbreviation of liquid

*indication for gas/ abbreviation of gas

(aq) *indication for aqueous solution/ abbreviation of aqueous
" *shows reactants are heated

_P *tells that platinum is used as catalyst. Catalyst can be written

under the arrow.
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CHEMICAL EQUATIONS AND CALCULATIONS

3—-3—-INFORMATION GIVEN BY BALANCED EQUATIONS
5 3) sial) Ailasll Alalaal) Lgslaad 30 il laal

A lot of information can be obtained from a balanced chemical equation. For

example, we can study the formation reaction of ammonia gas.
Asleal) o L sV Jle puma Jeli 8 LS ¢ 435 ) sall Jeliil) Alalas (e a0 il slee e J saandl Koy

s Ay
- 3H 2NH

2(g) 3(g)
® —®

We can get the information from this equation given in Table.
(5]l b Al Al aglaall e Lgia Juani il

Table 3-2 Information given by chemical equations

- —

1.Properties of reactants and products

Nitrogen gas
N,(g)

Hydrogen gas
3H,(g)

Ammonia gas
2NH, (g)

2 Relative numbers of molecules

1 molecule

3 molecules

2 molecules

3.Number of moles

1 mole

3 moles

2 moles

4 Ratio between masses of substances

28¢g

6g

34¢g

5.Ratios between volumes of gases if
measured under the same conditions

1 volume

3 volumes

2 volumes

224L

67.2L

448 L

Ratios between volumes of gases if
measured under standard conditions
(STP)

Explanation of titles given in Table : s Jsaall 8 Ll moca 6

1) Determining properties of reactants and products:asilill s dleliall 3 sall dayda 48 j2a

Gas state of matter is shown with (g) symbol. In other words, the equation

shows the reaction between nitrogen and hydrogen gases to form ammonia gas.

O sodel) e pa il e deldi e ud dalaall ol ) ¢ Sl dS sala) o) (e (g) Sl da
L ga¥) jle (oSl

A molecular formula shows one single molecule of a substance. In other words,
the reaction occurs between 1 molecule of nitrogen (N2) and 3 molecules of

hydrogen (H:) to form 2 molecules of ammonia (NHa).
GO aa N cpns il e 2l e G del@ll o) (o) dalall e aal g es a e el A Jal) Aapall o
2NH3 Lise¥) (e s 02588 3Hp 0o soued) e Sl >

Mﬁhﬂw

2) Determining relative numbers of molecules:

CALoha
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Ratio between numbers of molecules of N, and H, is §
Ratio between numbers of molecules of N, and NHs is %

Ratio between numbers of molecules of H, and NH3 is ;

Similarly, other ratios can also be written
Determining relative number of moles Y gall ol 2321) 43 e

Ratio between numbers of molecules is equal to ratio between numbers of
moles.

According to this:

1 mol N,

Ratio between numbers of moles of N, and H, 1:3 =
3 mol H,

2 mol NHy

Ratio between numbers of moles of NH; and N, 2:1 =
1 mol N,

3 mol H,

Ratio between numbers of moles of H, and NH3 3:2 = ——=
2 mol NH3

Similarly, other ratios can also be written.

Using moles instead of molecules can be
mol N, «—> mol H, explained this way:
i WS daia 6 S Jsalls g all Jladial o

If we study the reaction, notes that 1 molecule
of nitrogen (N.) and 3 molecules of hydrogen
(H.) react to form 2 molecules of ammonia

P (NH3).
B > MO it e ey Ny snl e 5m o Jelil i i
NH3 (e G 02sS Hp e

mol NH, «—— mol N,

Multiply two sides of the equation with Avogadro’s number.
(e Jeanid ) galS gl daay Aalaall 8 yha Ly ja 130

Number of molecules of any substance as many as Avogadro’s number is

equivalent to 1 mole of that substance.
Balall el (e Jge 1 Jalay 5 aka 8l 2ae 538y 3ale (gl iy Ja 220

1 mole of (N,) reacts with 3 moles of (H>) to form 2 moles of (NHs).
(NH3) (0 J 30 2 ISl (H2) (0 @Y 50 3 2o e lély (N2) (0 d = |
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59 CHEMICAL EQUATIONS AND CALCULATIONS

4) Determining ratio between masses of substances A sall JIS G Apaill 48 jae

To calculate masses of substances in equations, we need to know number of
moles and molar masses. Thus, we can calculate mass via the following
formula. Y O Gadaty 5 A sl ALY 5 Y gall dac 48 jaa (e Jelidll dalaa 8 3alal) ABS Caeas

m (g) = n (mol) x M (g/mol)
n (mol) = number of moles
m (g) = mass in gram

M (g/mol) = molar mass

Calculation of mass of N, in the reaction equation: We check the molar mass

of N from the table of atomic masses.

Mng) = 2 x 14 = 28 g/mol

Then we use the following equation to calculate the mass of N in the reaction
10l gadaty Jelal) Alalae 8 Np A o

m (g) = n (mol) x M (g/mol)
m (g) = 1mol x 28 (g/mol) =28 g N,

To calculate mass of H, in the reaction equation, we follow the same method
as in calculation of N,. Firstly, we check molar mass of H from the chart of

atomic masses.
Al g
Mz =2 x 1 =2 g/mol

Then we calculate the mass of H; in the reaction equation.
Je il Asbas & Hy 4S vl &

m(g) =3 mol x2 (g/mol)=6gH,

By using the same method, we calculate the mass of NHs. For this, first we

calculate molecular mass of NHs.
NHz 3 A sall A Y 5 Cent G NH3 ABS oo 28y ) iy g

Mnrz) = (1 % 14) + (3 x 1) = 17 g/mol
Then we calculate the mass of NHs in the reaction equation.
m (g) =2 mol x 17 (g/mol ) = 34 g NH3
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Ratio of NH; to N, = 328Ns
28gN2

And total masses of reactants, Aleliidl o sall JK ¢ sane
28gN,+6gH,=34¢g
Thus, total mass of products must be 34 g (NH3). dasillla) sall 218

Therefore, total mass of reactants is equal to total mass of products. This is

consistent with law of mass conservation.
AL Jain () 18 pa (3 12 5 Aailill o) sall JIS g sana (5 gl Aleliial) o) gall JIS ¢ sana

Exercise 3—1

Calculate the masses of the following in grams.

A) 2 moles of H,0O

B) 10 moles of H,SO,

5) Determining ratio between volumes of gases Ol Hall o saa Al 48 jas

We can express volume of gas in litre (L), milliliter (mL), and cubic
centimeter (cm?).

3L H,

Ratio of volume of H, to volume of N, =
1L N,

Thus, other ratios are the same.

As we have studied in Chapter 1&2, 1 mole of any gas occupies 22.4 L
(22.400 mL) of volume under standard conditions. Therefore, volume of a gas
under standard conditions can be calculated through the following equation.

22.4 L (22400 mL) o lie Laaa Jing 5le (5 (e 2al 5 Jse o) (S5 ds¥) Jucadl) Gl Uile e LS
DY) Ol Gakaty (STP) Al cag phall cond (il aaa vy 4le 5 4puldll Cag phall Cans

V(L)=n(mol) x22.4 (L/mol)

Calculate the volume of No.

Vnz=1(mol)x224(L/mol)=224L

Calculate the volume of H..

Vi =3 (mol)x224(L/mol)=67.2L

Calculate the volume of NHs.

Vinnz =2 (mol ) x 224 (L/mol)=448L
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Total volume of reactant gases Ao liiall &l Yl 2 san g sena
224 L (Ny) +67.2L (H,)=89.6 L

The volume of product gas (NHs) is 44.8 L. As densities of gases are different,

volumes of reactants and products need not to be equal.
. <ol ) LU CadliA)

Exercise 3 -2

What are the volumes of samples of 3 moles of CO, and 2 moles of CO, under
standard conditions (STP)?

(STP) Akl gl Jla 3 CO (e J 50 2 5 CO2 (0 ¥ 50 3 Cllise plaal 8 L
Question ) Define a chemical equation, and what information does
it given?

3-4-CHEMICAL CALCULATIONS bl ¥ alaal) aladinly ciblual)
3 -4 -1 — Calculation of number of moles Y gall 2o s

In a reaction equation, we can calculate unknown number of moles of any of
reactants or products in a balanced equation through known no. of moles of a

substance or from ratio of no. of moles of substances.
daslaa 5 A Bale Y ge 220 (e Jeldil) Aalaa 84230 ) Alelia 3ale 43Y A geaall Y gall 220l (S
s gt Al g da g ) gall Jelail) Adalaa (e Gislall Y gall dae A (e g ¢ Ay ) gall AilianSl) Aalaall 3

Number of moles of unknown substance

Number of moles of known substance

Example 3—1
For the following reaction:

2Nas) + 2H20() ——— 2NaOHq) + Ha()
Calculate those:

A- Number of moles of H, produced by the reaction of 0.145 mole of Na
Na (s« I3« 0.145 Jelii e 43l Hy &Y 50 220

B- Number of moles of H,O necessary to produce 0.75 mole of NaOH
NaOH (= J« 0.75 0S84 330 HyO @Y g0 220
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Solution:

Known: 0.75 mole of NaOH and 0.145 moles of Na Unknown: mole of H,O
and mole of H,

A) Conversion factor Jasaill Jalaa

mol Na == mol H,

1mol H,
2mol Na
Number of moles of H, produced by the reaction of 0.145 mole of Na:

1 mol H,

Number of moles of H, = 0.145 mole of Na x T 0.0725 mol H,

a

B) Conversion factor Jusaill Jalza
2 mol H,0

2mol NaOH

Number of moles of H,O produced by the reaction of 0.75 mole of NaOH:

2mol H,0
2mol NaOH

Number of moles of H,O = 0.75 mole of NaOH x =0.75 mol H,0

Example 3 -2

Sodium chloride (NaCl) is formed from the reaction of sodium metal and

chlorine gas as in the following equation.
510 5 2503 el G Jealall A el ddad 53 o 533 guaall 2y 5 51 () oS

2Na(5)+C|2(g) — 2NaCI(S)

If 3.4 moles of Cl, reacts with enough sodium, what is the no. of moles of

produced NaCl ?
s prall e Ll Sleld ) ISl e J 50 3.4 Jeli e 4a36l NaCl @Y ge 220 L
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Solution:
Known: 3.4 moles of Cl,
Unknown: mole of NaCl

Factor : mol Cl, =—— mol NaCl

2 mol NaCl

1 mol Cl,

2mol NacCl
1mol Cl,

Number of moles of NaCl = 3.4 mol Cl, x = 6.8 mol NaCl

Example 3 -3

How many moles of Na,O can be obtained from the reaction of 4.8 moles of
sodium according to the following reaction?

)5l Aladll o 523 gl (10 4.8 MOI Sl 0 a jpant (S (il o 530 guaall 2S5 Y 50 220 ;S\
D Aas
4ANa) + Oy gy — 2NaOy
Solution:
Known: 4.8 moles of Na
Unknown: Number of moles of Na,O
Factor : mol Na —— mol Na,0
2mol Na,0
4mol Na
Number of moles of Na,O produced from the reaction of 4.8 moles of Na

2 ILNa,O0
2mor 7% = 2.4 mol Na,O

Number of moles of Na,O = 4.8 mol Na x
4mol Na
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Exercise 3 -3

The equation above shows the oxidation of aluminum in air and formation of

a layer on aluminum which protects it from continuous oxidation.
S ) il (o o spialV) 8 )5 0 5l (pa Alida (4 655 6 5l 3 srialV) oSl Jelaill Jiay

4A|(S) + 302(9) —_— 2A|203(s)

A) Write down 3 relationships expressing ratio between moles of two

substances in the equation.
Abeall A iale Y e G Aol (o Lgha Baal 5 Syt GlEdle &3 LK)

B) Calculate number of moles of Al necessary to form 6 moles of Al,Os.
Al203 (= 3.7 mol ¢S de 30N Al @Y 50 220

C) Calculate number of moles of O, which reacts to form 12 moles of Al,Os.
Al &= 14.8 mol g Jeléill 4a 33U Oy &Y e 22e Caal

3 —4 — 2 — Calculation of Masses of Substances 3 sall JIS il
This is applied in 3 steps:
Step 1:

Number of moles of the substance with known mass is calculated. If this
substance is A, firstly we calculate molar mass from periodic table, then we

use the following equation to calculate number of moles.
Y g A gall LeiliS i e @lld g A Balall Ll (ia yidil g Alalaall 8 da glaa Al Al 3aLall Y 9o 200 Caas
;LY sa 220 Cluad SV 053l (gadat o3 ¢ pealiall 45,30 S J o (e

m(g)

M (L

n (mol) =

Step 2:

Calculate unknown no. of moles of the other substance. If we assume this

substance as B, using no. of moles of A, we use the following equation.

Ol okt g A A sleall 2ol Y g0 222 (0 B Ll a yiail g g AN salall A geaall Y sall 2 (o
:‘55‘2'\

Mole number of substance = Mole number of known substance x mol ratio
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Or the following diagram is followed.

mol number of A mol number of B

ratio of mole

Molar mass of A Molar mass of B

mass of A mass of B

Step 3:

We start from calculation of molar mass to find out unknown mass of

substance B. Firstly, by using periodic table as in Step 2, we apply mole

calculation in the following equation.

A snall LY 50 230 (a5 A )M JISU J s (e Y 51 A sl LS Gl (o @l g B 8aball A1 gganal) AL s
(Y O PN sty o 400 5 pladl) 4

m (g) = n (mol) x M (g/mol)

Note:

1) We can directly start from Step 2 if number of moles of substance is
known instead of mass.

e Aabeall 8 4 glaall OIS 13 6B il AU 3 gladll Guadaty cadl g J W) 8 shadll (Budat e el (Sa

Ll e Y 3alal) Y g

2) If number of moles is unknown in the equation instead of mass, we can
avoid Step 3.
LS Gl 5 3alall Y ga 230 Aalaal) A J seaal) S 13 AU 8 shadl) gk e elixiud) (Say

Example 3 -4

Calculate the mass of released CO; in grams from burning of 500 g of CgH1s

according to the following equation.
: 4V Aabaal) o CgHig (2 500 g G (e 423Ul COZ wlal 2 2ae ol

2CgH1g(g) + 250 L; 16COyg) + 18H20)
Solution:
Mass of CgH1s =500 g

16 mol CO,
2 mol C8H18

Unknown: Mass of CO,

Mole ratio =
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Step 1: Firstly, we calculate molar mass of CsH;s from periodic table.
McsHig) = (8 x 12) + (18 x 1) = 114 g/mol
Then we apply the following formula to calculate number of moles of CgHjs.

(9) 5009
n (mol) = =% = = 4.39 mol CgH1s
: —— l
gCH MG 1 a/mo
Step 2: We apply the following formula to calculate number of
moles of released CO, from the reaction of 4.39 moles of

CgHas.

mol number of CO»> = mol number of CgH1g x ratio of number moles
both substance

16 mol CO,
2 mol C8H18

n (mol) = 4.39 mol CgHjg x = 35.12 mol CO,

Step 3: Firstly, we calculate molar mass of CO, from periodic
table.
Mcoz) = (1x12) + (2 x16) = 44 g/mol

Then we calculate mass of CO, by applying the following
formula.

m (g) = n (mol) x M (g/mol)

CcO
w—— m (g) = 35.12 mol CO, x 44 g/mol CO, = 1545 g CO,

Example 3 -5

One of the components of acid rain is nitric acid which is formed from the
reaction of NO, with oxygen and rainwater according to the following

equation.
Ddae¥) eles aanS sY) ae NO2 Jelis dagis o5 il ¢l il jada g duadall jUaeY) @il e aal

4N02(g) + Og(g) + 2H20(|) _— 4HN03(aq)

What is the amount of HNO3 produced from the reaction of 1500 g of NO;

with enough water and oxygen ?
® eldly (oS V) (10 A8S 0eS 2a NO2 (12 1500 Jelis (e 43Ul HNO3 4SS bl
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Solution:
Known: Mass of NO, 1500g

4 mol HNO3
4 mol NO,

Unknown: Mass of HNOs.
Step 1: Firstly, we calculate mass of NO, from periodic table.

Mnoz) = (1 x 14 ) + (2 x 16) = 46 g/mol. Then, to calculate
number of moles of NO,, we use the following equation.

Mole ratio =

m(g) _ 1500g

7 —

= 32.6 mol NO,

n (mol) =

Step 2: We use the following equation to calculate number of
moles of HNO3 which reacts with 32.6 moles of NO,.

Mole number of = mole number x ratio of number of moles of
HNO; of NO, both substances

4 mol HNOs
4 mol NO,

mol HNO,

n (mol) = 32.6 mol NO, x = 32.6 mol HNO3

l Step 3: We calculate mass of HNO3 from its molar mass (63
g/mol) and number of moles as follows :

g HNO, m (g) = n (mol) x M (g/mol)
m (g) = 32.6 mol HNO3 % 63 g/mol HNO3 = 2054 g HNO3

Exercise 3 -4

CS; burns with oxygen as in the following equation:

CSy) +302) —— > COyg) + 2504

What is the number of moles of each product produced from the reaction of
48.0 g of O,? )
€ 0 (e p& 48.0 Jelii vie gl JS (e ()5S0 Y g oS
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Exercise 3 -5

Phosphorus is prepared synthetically from calcium phosphate, silicon dioxide

and coal in electric oven as in the following equation.

Adleall o Sl eS8 (8 padll s O sSalaall aS gl g o sallSI Dldis b Je i (e beliua ) studl) juany
s 4y

2Ca3(P0,), + 6SiO, + 10CO L» 6CaSiO; + 10CO + P,

Make the following calculations:

A. What is the mass of P, in grams produced from the reaction of 1.0 mole of
Caz(POy), ?

B. Calculate number of moles of P, produced from the reaction of 62.0 g of
Caz(PO,)..

Example 3—6

Calculate number of moles of released O, from heating of 1.65 g of KCIO3

according to the following equation.
: 48] Aaladll s KCIO3 (0 a2 1.65 (s (30 423Ul Oy Y ga 220 aaal

2KC|03(S) L» 2KC|(S) + 302(9)
Solution:
1- Known: Mass of KC103:1.65 g

3 mol 0,

2- Mole ratio = ———=—
2mol KClO3

Unknown: Number of moles of O..

Step 1: Firstly, we calculate molar mass of KCIO3; from periodic table.
Mkcios) = (1 x 39) + (1 x 35.5) + (3 x 16) = 122.5 g/mol

Then we use the following formula to calculate number of moles of KCIOs.

n(mol)= 2% = __1%9 (013 mol KCIO;
M(@) 122.50 g/mol

Step 2: We use the following formula to calculate number of moles of O..

Number of moles of O2 = Number of moles of KCIO3z x ratio of number of moles

3mol 0,
2mol KClO3

n (mol) = 0.013 mol KCIO; x = 0.02 mol O;
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Exercise 3 -6

Acetylene gas is prepared through the following equation by adding water to

calcium carbide (CaCy,).

CaCy) + 2H0(y ———— CiHy(g) + Ca(OH)2gg)
Calculate the following:
A-What is the mass of released acetylene from the reaction of 32 g of CaC,?
B- What is number of moles of CaC, which reacts with 36 g of H,O?

3 —4 — 3 — The Specific reactant for product Ul 520 Ale litall 5oL

Specific Reactant for product which determines products is the substance

which is fully used up in a reaction.
Jelatl) = JASIL daadtiieal) alall sa chlatiial) aasy @l C_\_mﬂ Al Jelaall

Number of moles of limiting reagent component determines number of moles
of products.

A) We determine specific reactant through the following methods:
YY) 45y Hhally alll soasal) Ao litd) ald) (pami (S

We calculate ratio of shown substance in the reaction and number of moles of

all reactants.
Adlasl Aalaal) A Lgie jumal) Ao laial) o) gall (p Bale JS Y g0 220 ) 423U 3alall Y ga 230 Al Caas

B) According to balanced chemical reaction, each of these ratios is multiplied

with no. of moles of each substance.
A g ) gall AilaasSl) Alabaall s g dlelita 3ale JS Y g0 230 8 Caaill 03 (e At JS o puial

C) According to the result, the substance giving the smallest value is the

specific reactant which determines the product.
2l Banal) Ale laiall salall & () oS Aa3l Balall Y g0 (e 200 81 aad Al 3ol

If we apply those steps above to the previous reaction:

1 moles of N, and 3 moles of H,,
H2mdﬁ3¢AN2uAJ}“1t“jm"k\d‘:M\é“L‘\)@\"&&M

A- Ratio of number of moles of NH;3 to number of moles of N, according to

. . 2mol NH3
reaction equatlon S E—
1mol N2

2mol NH3

1 mol N2
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Ratio of number of moles of NH; to number of moles of H, according to

. . 2mol NH3
reaction equatlon _—
3mol H2

2mol NH3
3molH2 '

B- We multiply ratios with number of moles of N, and H..
DY) G s Hy 5 N (ede goa gall Y gall 2o 8 il o jua

5 sall Jelall dalea s Hy (A NH3 @Y g0 220 4

2 mol NHy

2 mol N, x =4 mol NHj3
1 mol

2
2mol NH3
3 mol H,

C. As number of moles of NH; formed from the reaction of H; is less than
that of from the reaction of N, specific reactant of ammonia product is

hydrogen.
Ao laial) salall ga (s g5l 1A N Jeldi (e dailil) &l e J8) Hy Jeldd (e dailill NH3 @Y se 220 () e
. L ga¥) il Baaadll

3 mol H, x =2 mol NHj3

Example 3 -7
According to the following reaction :
Ti) + 2Clygg ——— TiCly)

When 1.8 moles of titanium (Ti) and 3.2 moles of chlorine (Cl,) are mixed,
which is the specific reactant that determines the product?

Solution:
Unknown: Specific reactant which determines the product

1 mol TiCl,
1molTi
1 mol TiCl,
2 mol Cl,

The ratio of number of moles of TiCls to number of moles of Ti in the reaction:

The ratio of number of moles of TiCls to number of moles of Cl; in the reaction:

Number of moles of TiCl, from the reaction of Ti
mol Ti —— mol TiCl,

1 LTiCl .
LL_AL = 1.8 mol T|C|4
1molTi

mol @, —> mol Ti€l, Number of moles of TiCl, from the reaction of Cl,

1mol TiCl,
2 mol Cl,

1.8 mol Ti x

3.2 mol Cl, x =1.6 mol TiCl,
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As number of moles of TiCl, formed from the reaction of 3.2 moles of Cl is
less than that of from the reaction of 1.8 moles of Ti, limiting reagent that
determines the product is Cls.

Ti e dse 1.8 Jeld e dailll &li e BB Clp (0 I0 3.2 Jeld (e 43Ul TiCly &Y g0 222 ) Ly
. C_ﬁl_sﬂ 3aaal) Ale latal) 32l <* Clo salallé
Exercise 3 -7

Magnesium nitrite (MgsN;) is obtained from the reaction magnesium and
nitrogen according to the following equation.
DAY Alalaall o 5 S a0 spasital) Je i (0 MgaN2 o stestiiall 2 555 sy

3Mgs) + Na(g) L» MgsNzs)

When the reaction occurs at a certain temperature by mixing 4.0 moles of N,

and 6.0 moles of Mg, which mixture is present in the reaction vessel that fits

the following answers?

¢ iy Jeldll ele 5 U Ama 3l a Aa )0y Mg (0 J0 6.0 ao N2 00 e 4.0 Bl Jelall o) jal die
DAY A sl aal ae (38 3 sall e s e

A) 4.0 moles of MgsN, and 1.0 mole of Mg in excess
B) 2.0 moles of MgsN; and 2.0 moles of N, in excess
C) 6.0 moles of MgsN, and 3.0 moles of N, in excess
Example 3-8

Sodium chloride (NaCl) is obtained through the reaction of sodium (Na) and
chlorine (Cl,) according to the equation below:
2 AEY) Aol o 5ISH1 a2 903 guall el (e 0 03 gaaall 2y ) IS juany

2Na(3) + C|2(g) s 2NaCI(S)

A) Which is the specific reactant in the reaction of 11.2 moles of Na and 3.2
moles of ClI,?
B) How many number of moles of NaCl is formed?

Solution:

Known:

Number of moles of Na is 11.2
Number of moles of Cl; is 3.2.
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Unknown:
1) Limiting reagent
2) Number of moles of formed NaCl

Ratio between number of moles of NaCl and number of moles of Na

2mol NacCl
2mol Na

Ratio between number of moles of NaCl and number of moles of Cl,

2 mol NaCl
1 mol Cl,

Number of moles of NaCl obtained from 11.2 moles of Na

2mol NacCl

11.2 mol Na x =11.2 mol NaCl
2mol Na

Number of moles of NaCl obtained from 3.2 moles of Cl,

2mol NacCl
1mol Cl,

As number of moles of NaCl obtained from Cl, interaction is less than that of

Na interaction, the limiting reagent is Cl.. ‘
Clz 58 23sall CallSl (6 « Na Jelis (e Jil Clp Jelii e Lile J sasll &5l NaCT Y 50 230 (Y 15k

As the limiting reagent is Cl,, number of moles of formed NaCl is calculated

from the interaction of Cl; as follows: ‘
AU =il e Clp Jeld (e o 5S5ll NaCl &Y ge 22e Gl a3 ¢ Clp ga 20aal) (el Y )5l

3.2 mol Cl, x M = 6.4 mol NaCl

3.2 mol ClI, x = 6.4 mol NaCl

mol Cl,

3 —4 — 4 — Calculation of Gas Volume <l asaa s

The following steps are followed to calculate volumes of gases in chemical
reactions: LSl sl Al Jadl o saa a3y 53 Letie U @l gladl) o

Step 1: We calculate number of moles of substance with known mass by the
following formula:

@y‘UFM\d@‘ﬂh}‘J\}*A‘&A;L"-J‘_;\ML@_}LSUADJM\;_’Y}A‘JL . .:LQ)Y\'S}J:';“
m (9)
M (o)

mol

n (mol) =
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If the substance is in gas state, starting from its volume given in the question,

we apply ideal gas law to calculate no. of moles of the substance.

2l Sl aladl ¢ ) gkt elld g Sle JRUA Sl Jl gl 8 any (o3 Lpana (e 8alall Y ga 230 il
_FPv

n (mol) = —

If the volume of the gas is measured under standard conditions (STP), we use

the following formula to calculate number of moles:

Ol Bubaty g ¢ (STP) Al o Hhall caat i daaa IS Ll &Y ge 230 il

V (L)(at STP)

n (mol) = 224 ()

Step 2: Number of moles of the substance asked in the question is calculated

by the method in Step 1.

oY) B shadll 84 sl salall Y se 220 e Jleall (8 A slhaall salall Y g d2e Caad ;A0 8 gladll
) ) ALl Ay plall il

Step 3: From the number of moles calculated in Step 2, mass of the asked

substance is calculated by using the following formula:

O 5l e Al 5 gadl 8 A gunall LY s 23 (e )l 3 4 sllnall Bald) ALS Conn ;45 5 gl

m (g) = n (mol) x M (g/mol)

To calculate gas volume from number of moles calculated in Step 2, we can
apply the following formula.
s Ol Badat (a5 AN 8 ghadl) 8 A praal) A5Y 50 230 (e Y] ana aad
— NRT
A(EE-
We apply the following formula to calculate volume of a gas under standard
conditions (STP). Ol Gl (STP) 4kl Cagplall st Sl aaa Clusa (S

V (L) =n (mol) x 22.4 (L/mol)

Besides, we can calculate unknown gas volume in the question through known

volume of a gas in the balanced reaction equation. But volumes must be

measured under the same temperature and pressure values.

OB (e G Aol alasiuly @lld 5 o glae JAT Hle ana o Jlpud) (8 Jseaal) el aaas Clos (S LS
Lia g3 da 3 e Coglall il Gt Aulia p gaaldl S5 o) (e g ) gall Jelaill Aalas 4
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Example 3 -9

According to the following equation, nitrogen monoxide gas changes into
brownish nitrogen dioxide gas through reaction with oxygen.

n NO2 O s A a5l AU o (5l (5 18 G 5SS 99 e NO (a5 ) Sl gl Sl aay
-4y Aalaall

2NO() + Oz() ——— 2NOy(

Calculate the volume of formed NO, from the reaction of 34 L of oxygen with

enough NO. Volumes measured under (STP)
. (STP) a3 Alia o sl (s Lele NO (0 4818 408 0 O 00 51 34 Jelii o il NO2 paas casa)

Solution:
Known: The volume of O, under (STP) is 34 L.

Unknown: The volume of formed NO,

.2mol NO,

The ratio between number of moles of NO, and O : —
2

If measurements were made under standard conditions (STP), volumes will

be directly proportional with moles. Thus, ratio between volumes:
GUAL(STP ) (8 s kall i i Auslie Lgmpan il 131 Y gall e ae Loyl "Ll sl o gl (o Ly
D OsSiu agaall (g dal) Ol

2LNO,
1L 0,
Therefore, the volume of NO, will be as follows:

2LN9%2 — 68 | of NO,

1L0,

V (L)=34 L of O, x

Exercise 3 -8

Silicone oxide (quartz) is generally an inactive substance. But as it is seen

below, it reacts vigorously with hydrogen fluoride.

Aabaall s (a5 Huel) ) 518 ae Ao o Je i Ll ¢ ale ddadi jue sala (A1 SN ) () sSalad) auuS ) AU
s Ay

SiOz(s) + 4H F(g) _— SiF4(g) + 2H20(l)

As 2.0 moles of HF and 4.5 moles of SiO, were put in the container, _
SiO2 (0 U« 4.5 g HF (0 J50 2.0 Balay Jelall (5 5a) 13

A) Which is the limiting reagent ? ¢ il sasaa) Ale i) sald) L

B) How many moles of SiF, were formed ? ¢ 43l SiFy <Y se e le
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Example 310

Calculate the volume of obtained O, from heating 3.5 moles of KNO;

according to the following equation under standard conditions (STP).
Ailaall s KNO3 (0 U0 3.5 (s (e aile Jpanl) oKy ) (STP ) 8 Lilis Oy ans sl
: Ay

2KNOzy —2—» 2KNOs + Ong
Solution:
Known: 3.5 moles of KNO;
Unknown: Volume of obtained O, under STP
Ratio of number of moles of O, to number of moles of KNOs in the reaction:

1 mol 0,
2 mol KNO;

Number of moles of O, released from decomposition of 3.5 moles of KNO3:

1 mol 0,

n (mol) = 3.5 mol of KNO3 X ———
2mol KNO;

= 1.75 mol of O,

Calculate the volume of O, under standard conditions by using the following
formula:

224 L 224 L
=1.75 mol x
1 mol 1 mol

V (L) = n (mol) x =39.2L

Exercise 3 -9

Phosphine gas is formed from the reaction of phosphorus and hydrogen gas

according to the following equation:
P AV Aalaall s PH3 (s 8l Sle 0 5S3 (a5 sel) g (Pg ) st Jeliy

Pags) + 6Hzg) ——— 4PHj(g)
Calculate the volume of PH3; formed from the reaction of 0.42 L of H..
Example 3-11

Calculate number of moles of copper atoms formed from the reaction of

4250 mL of H, with enough CuO under standard conditions (STP).
CUO (1 4dlS 43S 2a (STP) a3 Hp (e Je 4250 Jeld (pe i Al gulaill &l ) &Y ge 230 sl
. 4—\-&\ Ualeall (SEIVEN

CuO) + Hag SN Cug) + H20¢,
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Solution:
Known: VVolume of H, under standard conditions is 4250 mL.
Unknown: Number of moles of Cu

1- We convert volume of H, frommL to L

1L
1000 ml

V (L) = 4250 ml H; x =4.250 L H,
2- We calculate number of moles of H, through the following formula under
normal conditions:
V (L)(at fTP) — 4.250LL = 0.19 mol H,
224 (=) 224 (=)
3- We calculate number of moles of Cu formed from the reaction of 0.19
moles of H, through ratio of number of moles.

n (mol) =

mol

Number of moles = Known number of moles x ratio of number of moles

1 mol Cu
1 mol H,

n (mol) = 0.19 (mol) H; x =0.19 mol Cu

Exercise 3 - 10

Hydrazine (N,H;) which is used as rocket propellant burns according to the
following equation.

N2Hag) + Ozq) —— Nzg) + 2H20g)

Calculate the volume of formed N, through reaction of 3.2 kg of N,H, with
enough O, under standard conditions (STP)

Example 3 -12

0.4 mole of potassium chlorate decomposes with heat according to the
following equation.

2KClOyy —2» 2KCl+30;q

Calculate the volume of O, released at 27 °C temperature and 760 Torr
pressure.

Solution:
Known: Number of moles of KCIO3 is 0.4
Unknown: Volume of O, released at 27 °C temperature 760 Torr pressure
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. We convert 27 °C to Kelvin:
T(K)=27+273=300K

. We calculate number of moles of O, released from 0.4 mole of
decomposition of KCIO5; and mole ratio

n (mol) = 0.4 mol KCIO; x —229%_ - 0 6 mol O,
2mol KClO3

. By applying general gas law, we calculate the volume of O, at 300 K
temperature and 1 atm pressure (1 atm = 760 Torr)

T 0.6mol x0.082 =2 300 K

V(=22 K. mol =14.76 L O,

1atm

Exercise 3 - 11

Ammonium nitrate (NH;NO3) decomposes through high heat according to the
following equation:

2NH4NOs) — 5 2Nz + 4H20(g) + Ox(g)

Calculate total volume of gases released from decomposition of 40 grams of
NH4;NO;3 under standard conditions (STP).

Exercise 3 - 12
MgsNz(s) + 6H201) ——— 3Mg(OH)z) + 2NHs(g
Make the following calculations according to the equation above.

A. What is the mass of magnesium nitride (MgsN,) necessary to produce
22.4 L of ammonia under standard conditions (STP)?
B. What is the number of moles of formed Mg(OH),?

3—-4—-5—Percent Yield Sl 4 giall Al

Theoretical yield is obtained through calculation of masses of products and
reactants from a balanced chemical equation. Actual yield is obtained from

experimental results by the same components.

ALY oda (lé cdleLita 3alal A slaall A1) (ha 5 40 5 ) sall Al Jeldl) Aalaa (1o 223Ul 3alal) A1 Qls 2ie

M\@Ubw‘dﬂ\a& u\j‘u&\.@_\xﬁwbﬂ}uwé_ﬂ&@)x;\ﬁ\ M}&M\@Ubw
()

Theoretical Yield : Mass of a substance which is calculated from a known

mass of a substance which participates in the balanced reaction.
O siall J;uﬂ\ga)msgwﬁjﬂmdﬂawzgum :L..s‘)u\ G;al_'d\
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Actual Yield: Mass of a substance which can be measured through an
experiment. Actual yield is always less than theoretical yield.
(il dilall e B iy ) diladl 2y il DA (e Lgasld Sy Bale ALS ;i) il

Actual yield is always less than theoretical yield. The reasons are given below:
- e (bl ) e B Lails ((Aadll) sl il ¢ oS

1) Interaction between reactants cannot be completed.
Alelaal) 3l sall G Jeladll JWiS) aae

2) Usage of impure substances. As a result, unwanted products are formed
through side reactions.
e st e e 3 sa lgde iy dila OOl JuanBa@i pe 3 ge Jleaiul e

3) Loss of some product while filtering or transferring to another container.
Al ele s e el vie ol mad il ddae ol jal die AUl sal) (e duaS ()35

4) Lack of attention during weighing reactants and products.
daslall g ddelaiall o) gall JIS b 483 aae

Calculate the percentage of product from the application of the following law:
DY) O sl Bandat e lill A giall Al G

Actual yield

Percent yield = x 100%

Theoretical yield

Question ) Define the following:
Specific reactant for product, Theoretical Yield, Actual Yield

Question ) State the reasons why the actual yield is always less than theoretical
yield.

Example 3 -13
For the following reaction : 2Al) + 3Cly ) ——— 2AICl5

Calculate the percentage yield of aluminum chloride obtained from the
reaction of 1.5 moles of Al. Mass of actual yield is 139 grams.

Solution:

Percent yield is calculated through the following formula.

Actual yield
Y x 100 %

Percent yield = —
Theoretical yield

Known: 1.5 moles of Al
Unknown: Percent yield of AICIs.
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For percent yield, we calculate number of moles of AICI; using ratio of mole
numbers from the balanced equation

2 mol AlCl
———2=1.5mol AICl;
2 mol Al

We calculate mass of formed AICI; from molar mass of AICIl; and known
number of moles theoretically.

M(A|c|3) =133.5 g/mol A|C|3
m (g) = n (mol) x M (g/mol) = 1.5 mol x 133.5 g/mol =200.3 g

Thus, percent yield:

139g
2003 g

n (mol) = 1.5 mol Al x

% AICI; = x 100 % =69.4 %

Exercise 3 — 13

56 g of cadmium and dilute hydrochloric acid react according to the following
equation. Cd) + 2HCl(zqy) ———— CdCly) + Hag)

1- Calculate mass of produced hydrogen.

2- As actual yield of hydrogen is 0.75g, calculate percent yield.

Example 3 - 14

CaCO3 decomposes with heat according to the following equation.
CaCOxy A, CaOy + COyy

. What is the mass of CaO obtained theoretically through heating of 24.8 g
of CaCO5?

. As molar mass of CaCOs is 100 g/mol, molar mass of CaO is 56 g/mol and
actual yield is 13.1 g, calculate percent yield of CaO product.

Solution:

Known: Mass of CaCO; =24.8 ¢

Actual mass of CaO =13.1¢g

molar mass of CaCOj3 is 100 g/mol, molar mass of CaO is 56 g/mol
Unknown:

1) Theoretical yield of CaO

2) Percent yield of CaO
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1. Calculate number of moles of CaCO;

n (mol) = 120‘;8(% = 0.25 mol CaCOs

mol)

2. Calculate no. of moles of CaO produced from 0.25 mole of CaCO3 using
mole ratio in the balanced equation.

1 mol Ca0O
1 mol CaCO3

0.25 mol CaCO; x =0.25 mol CaO

3- Calculate mass of 0.25 mole of CaO (theoretical product).
m (g) = 0.25 (mol) % 56 (g/mol) =14 g CaO
4- Calculate percent yield using the following formula to produce CaO

Actual yield

Percent yield = x 100 %

Theoretical yield

% Ca0 = 1; x 100 % = 93.6 %

13.
1
Exercise 3 - 14

56 g of iron reacts with 4 moles of dilute hydrochloric acid according to the
following equation. FE(S) + 2HC|(aq) > FeC|2(s) + Hg(g)

1- Calculate mass of produced hydrogen.
2- As actual yield of hydrogen is 1.75 g, calculate percent yield.
3- Which one is the limiting reagent?
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g1 ORGANIC CHEMISTRY

CHAPTER - 4
ORGANIC CHEMISTRY

Organic Chemistry : is chemistry which studies organic compounds which are
commonly used in daily life and their preparation methods.
Gobs sl Blall 8 lealadinl oy Al & pmnll LAl e Al clasSll (a1 sl el

Organic compounds are different from inorganic compounds by their
following properties:
sl Lag Al 3 s A gazae M LSyl e 4 gl LS jall liai

1- Carbon is the main element in organic compounds. Besides, they contain
elements as hydrogen, oxygen, nitrogen, sulfur and phosphorus.
5 oSl 5 Cpag A 5 S V) Jie g A) alie 5 Cpasoned) Ay LS 5 eld aie (5 S
. samdl)
2- Organic compounds usually have covalent bonds.
Apaalod llall (8 () 55 4 gaanl) LS jall 3 ALl jual Y1

3- Most organic compounds are combustible and they can decompose with
heat. Therefore, these compounds are accepted as the most important
source of energy.

AN jaae aal it 13 il sl 5 (3) iU ALIE & ganal) LS jall alins

4- Reactions of organic compounds are usually slow.

AlSad) gduday il o3 ) gard gl LSl el

5- Most organic compounds are soluble in organic solvents as alcohol, ether,
gasoline, acetone and chloroform.
e8I s sl 5 cn g AN JsaSIS 4 pmall ludall 8 535 4 gaiaall LS el alane

6- Organic compounds have a very important property called as “isomerism”.
Ak b5 AlianS Apeal 35 jalls A g uliadl B el 3 ga g 4 guanl) LS el s

Question ) Define organic chemistry, and what are properties of organic
compounds?

Adohammed A/liﬂﬂd O ritat




82 | ORGANIC CHEMISTRY

Explain / Most organic compounds are accepted as the most important source
of energy.
Answer / Because this compounds are combustible and they can decompose

with heat and result great energy.
0S4 i 3 ) yally JIai G S s (3)_is DU AL LS all 028 Y

4-2-ELECTRONIC CONFIGURATION OF CARBON ATOM
O S 3N g yiSIY) oy oSl

Explain / Carbon shares its four electrons with 4 bonds to full out outer shell.
NS U EL S XSV P Y PR PR P PN ISPYRN(E SRS

Answer / Atomic number of carbon atom is 6 and its outer electron shell is
half filled with 4 electrons and carbon atom has no possibility of gaining 4

electrons or donating of it to full out its outer shell.
AlSae) (50 S0 B A and 5 g i8I 4 86 slas gl A JA) (5 iSIYI 3 50856 58 O 53 )SI 5,00 (5 )l 2aal)
o> A Lidle JLSY L g ol ol il g <)) 4 s

Explain / Carbon can form numerous organic compounds.
4 pumal) LS all (e dpaall 5 S0 U8 o (S

Answer / Carbon shares its four electrons with 4 bonds to full out outer shell.
> I G JLaSY Tl 55 4 e Ana )W) 4l 5 i) 50 SN &Ly

4-3-INTERMEDIATES

Intermediates : are a chemical products less stable intermediate formed when

some bonds are broken and forms a new bonds during chemical reactions.

sl Bana Jal gy JS 5 Tl g 1) (amy u Ladie G GUS JB) Aoy 4ihasS Cilaiie oo 1ilidan ol
AilaSl) e Lal)
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There are two types of bond breaking occur: iy A )l juS (g Ole 5 Al

1. Homogeneous Breaking: As a result of breaking of a covalent bond
between 2 atoms or groups, each group keeps one electron of the covalent
bond and forms a neutral particle called as free radical.

a5 05 S A gana JS Ladiag ¢ e sana ol i3 Apealul) Aayl N JLaSSY Aaii 1uilatiall il

Boall Hsiall ey ulae Lapea JSU5 5 daabill ddail )l (e

A./.B——>A + B
Free radical  Free radical

ol oA
H‘(II./.(IL“ H H-IC' +'(|)‘H
H H H H

2. Non-homogeneous breaking: As a result of breaking a covalent bond
between 2 atoms or groups, one of each keeps an electron pair and becomes
negatively charged (carbanion). The other one becomes positively charged

(carbocation).
o0 Laalaa) Jafiad Gumy Giie gena gl (i) O Apealudl) 5yl LS g puilaid) e UndaY)

VA A+ B

H H H H
LA 5 I2
H-C = C-H H-C + C-H
[ [ I |
H H H H
Carbocation Carboanion

4-4-STRUCTURAL FORMULA 4l 48 il

Structural formula : Is formula which shows types of elements, number of

atoms, bonding orders and valences of a molecule .
,;L..g)'.;\\ @ AN g dag) yill chla 539l A e paliall &\}31 x_lm‘fd\ daual \‘_fz Al Leuall
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Explain / In order to differentiate isomers, writing structural formula is
necessary.

Al Lpan S (g 5 pall (g ¢ Sl a5 3V G il Jal e/ 3
Answer / The reason of this difference is due to the difference in bonding of

atoms which form the molecule.
e oall IS 3l A oy dagd i) 8 CaDEAY) e (DAY 13 Cass / sl

This property is called as “isomerism”. "iSOMerism" (sess dpalall s34

For example, C,HsO molecular formula shows either ethyl alcohol or

dimethyl ether.
SV e AU 1 A JsaS CoHgO i sall dpal) jedad ¢ Jid) Ju e

CREN o oo

Di methly ether Ethyl Alcohol
4-5 HYDROCARBONS Gl s S 5 el

Hydrocarbons : They are compounds which only consist of carbon and

hydrogen atoms.
Ceasouedl s O S ) (e dadh ) oS5 LS e gl

They are classified according to having a closed or an open chain or being
saturated or unsaturated as follows.

Sl sl o dasiia je sl deadia Ll A it ol Ailre Alidis il il e Caial
1. Alkanes or Paraffins: are saturated, single bonded compounds with the

general formula of CHz.2. The simplest of those is methane (CH,) gas.
e s Ll CrHoneg 2 dslal) Lapall ae Loyl il olad dasiie LS 3o e 3 ke i) )Ll S CLISTY)
(CHg) sl

Jé*) é

Methane Molecule
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2. Alkenes or olefins: are unsaturated hydrocarbons with a double bond.

Their general formula is C,H.,. The simplest of those is ethylene (C,H,).
CiHan o dalall agiana A 50 he Ay i) dandia pe Clise S50 Ce bbe lidl V) o syl

(CaHa) LAY 5o Ledans
T 4
| I
H-C = C—-—H

Ethylene Molecule

3. Alkynes or acetylenes: are unsaturated hydrocarbons with a triple bond.
Their general formula is C,H2,». The simplest of those is acetylene or
ethyne (C,H,).

el .CrHon-2 Al aginpa AW Ay ) Gl dapdie ye Gl S50 oo 5 ke il S el

(CaH2) ) sl cpliiansl) oa

H-C = C-H

Acetylene Molecule

4. Cyclic hydrocarbons: are compounds which have a carbon chain in a cyclic
structure.
(S0 S (B A g S Aludu Ld OIS e dalall iy S 5yl

Saturated types of those are called as cycloalkanes. e.g, cyclohexane.
eilal) Gl ¢ JEal Ja Ao SIS glS s Lgia xiall &) 531

Unsaturated types of cyclic hydrocarbons are called as cycloalkenes.
Agalal) ClCIVG A g S el (e dapiiall s #1501 e

Besides, aromatic compounds or benzene or derivatives are
members of this group.
Ac sanall o2 b eliae] 4 ClEEA) o G 3l ol & ylaadl LS all b ¢ Sl Gl )

Benzene Molecule
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General classification of hydrocarbons is as follows:
;L";ﬂus}a AU g0 S5 yuell alall Caniianl)

Hydrocarbons

Closed chain carbon Open chained carbon
Compound Compounds

(Cy(I:Iic ) (Alipr‘latic )

—

Unsaturaed Saturated Unsaturaed Saturated

—— | —— |

Aromatic  Cyclo Cyclo Alkynes  Alkenes Alkanes
Alkanes
Compounds  Alkenes CH = CH CH,=CH, CH,

| ‘ Acetylene Ethylene Methane

Benzene Cyclo Hexene Cyclo Hexane

4-6-ALKANES

They are saturated hydrocarbons. They have a structure of carbon and

hydrogen atoms bonded with strong and single covalent bonds. Their general

formula is CHzn:2. (n) is an integer and it shows number of carbon atoms. The

following are examples for alkanes.

PURE IO AYENPR P Mm Le‘jge Adasi o Cpagoedl 5 O S I3 e Ay gl Randia Sl Sy s L)
(LIS Al b e s )SI l3ae e g masia 2 s () .CnHone2 (2 Al
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Chart shows names and formulas for the first 10 members of alkanes
LIV e eliaed 10 Y ganall s elansl1 bl ans )l (m y2y

Latin Number of
Carbon
Atoms

Structural Formula Name of

Compound Prefix

CH Methane | Meth-

4

@)

CH,-CH, Ethane Eth-

~

CH,~CH,-CH, Propane | Prop-

w

CH,-CH,-CH,—CH, Butane But-

CH,-CH,-CH,-CH,-CH, Pentane | Pent-
CH,-CH,~CH ~CH ~CH,~CH, Hexane | Hex-
CH,-CH,-CH,-CH,~CH,-CH,—CH, Heptane | Hep-
CH,-CH,-CH,-CH,-CH,-CH,-CH,-CH, Octane | Oct-

CH,-CH,-CH,-CH,-CH,~CH,~CH,~CH -CH, Nonane | Non-
CH,-CH,-CH,-CH,~CH,-CH,-CH,~CH,-CH,~CH, Decane | Dec-

o

o

e ool e (¢ (@ (©

©

@)

4-6-1-Types of Carbon Atoms
Carbon atoms are classified as follows according to type of bonding to each
other in compounds :

F S ) (B anl) Lpany pe dag) il g il by U gaill e 0 ,SU )3 Caial

1. Primary Carbon Atom: It is a carbon atom to which another carbon atom
Is attached.
A U508 5,0 L Gaatll 53 S50 (o5 Al (50 S50

Loglgt

LLUE R
Primary Carbon Atom
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. Secondary carbon atom: It is a carbon atom to which two carbon atoms

are attached.
O30S OB L (3aatlh (90 S804 g 1dn o8 (50 S B )0

oY
_C-C-C-
(|3 H o
H

Propane Secondary Carbon Atom

. Tertiary carbon atom: It is a carbon atom to which 3 carbon atoms are

attached.
O30S Gl 3 L Gaalli (50 S 3,3 b g AN () 92 S35
CH, |
|
-C-

CH,- C—- CH, A
| -C-CZcC-
H | | |

[sobutane Tertiary carbon atom

. Quaternary carbon atom: It is a carbon to which 4 carbon atoms are

attached.
OR S A4 4 Gaili g S a5 el s SIE )3

Neopantane Quaternary carbon atom

Besides, type of hydrogen atom depends on the carbon atom it is attached to.
According to this, a hydrogen atom which is attached to a primary carbon
atom is called as a primary hydrogen. A hydrogen atom which is attached to
a secondary carbon atom is called as a secondary hydrogen. Similarly, there
Is also a tertiary hydrogen atom. But quaternary hydrogen atoms do not exist.
Why? Discuss with your friends. CH, CH,

I |-

CH, - CH, - CH - C - CH,

1
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Question ) Determine the type of carbon atom colored red for each of the
following compounds:

1. CH;—cH,—CH,
CHz_CH3
2. CH;—CH—CH,—CHj
CHZ_CH3
CH3—CH—(|3H—CH3
CH,4
(lez_CH:;
4. CH;—C——CH—CH;,

|
CH; CH;

4-6-2-Nomenclature of Alkanes

There is a common and old nomenclature system used for linear and
unbranched carbon atoms. While naming it starts with letter “n” (normal) and

then name of alkane comes. For example:
(ddh‘_) "n'" \.\.u ¢ daanall £ Ll 4.::)5_\,43\ ).n:j‘\_da;“ d}.ﬁ)ﬂ\ u\JJ?M?‘uﬁ}C“L‘W?L‘L‘“ﬂL&
(R i e Q&I and AL o

CH, - CH, - CH,

(n- propane)
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In alkanes with branched alky! group; ¢ de il JSIY) de pane cld cKIY)

CH, There is a common and old nomenclature with “iso-*
CH CI)H CH prefix. After “iso-” prefix, name of alkane is written.
3 3 For example:

(U o o QI and A0S oy ¢ "jg0-" A3alill day "jSO" Aialy A 5 Aaild At i

CH

3
|
CH, - CH - CH,
(iso-butane)

For an alkane with a quaternary carbon atom, there is a common and old

nomenclature which starts with the prefix “neo-". After neo-, name of alkane

IS written.

¢ -NEO 2 ."-Ne0" Al Tad A Aails daand Mlia ¢« el S 3,0 o (g sy () GIIBU dunally
CH O ol S oy

3
\

CH, - C-CH,
5~ ¢ :
CH,

(Neo pentane)

Exercise 4-2
What is the molecular formula of the alkane with 10 carbon atoms?

Question ) Write the names of the following organic compounds according to
the IUPAC system:

1) CHj, CHj, 3) CH,

| |
CH3_CH_CH2_CH_CH3 CH3—CH— CHz_CH?,

CHz_CH3

CH3 CH3 CH3_CH2_CH2
CH3_C_CH2_CH_CH3 CH3_CH2_CH_CH3
CHz_CH?,
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4-6-3-Alkyl Groups

Alkyl group: The remaining group after removal of 1 hydrogen atom from an
alkane . Its general formula is C,H2:1 and it is shown as (-R).
65 CrHaner (8 Aalal) Winpa OIS (e as) 5 Cpim s 52 5,0 A1 3] 2y Aiiall e ganal) :JSIV) e sana
(-R) i e
Table shows alkyl groups and names derived from alkane groups.
O Cle gana (e Ak elanl] 5 JSIYI Cile sane Js0al) a s

Alkyl Alkane

Methyl CH Methane CH

3 4

Ethyl CH, - Ethane CH

6

CH, - CH,- CH, - CH,

Propyl CH.- Propane CH,

n propyl CH,-CH,-CH,~ |n-Propane CH, - CH, - CH,

Iso Propyl CH, - CH - CH,
|

Example 4-1
What is the molecular formula of the alkane with four carbon atoms?

Solution:
As the general formula of alkanes is (CnH2n+2)

n = number of carbon atoms, n =4
Number of hydrogen atoms Hany = (2 x4) +2 =10

So the molecular formula is C,Hqg

Question ) What is the molecular formula of the alkane with molar mass is 72
g/mole?
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4-6-4-Nomenclature of Alkanes IUPAC Nomenclature Rules:

1.

We choose the longest carbon chain to be named. Then, we number carbon
atoms by starting from the side closest to branching. Name is given
according to the number of carbon atoms corresponding to alkane.

S g G B Colall (e ey (35 S0 50 o i s ¢ 13 2ay Lgand 2l 0 S Al S5l i

1—

S OIS ALEQ (5 50 ,SI il 53 20e] 8 g 4 slac)

| | [
-C-C-C-C- (Butane)

. In drder to determine places of alkyl groups or functional groups, we look

at the number of carbon atom they are attached to.
Lo das 5 Al (s KU 50 200 ) ki ¢ duads ) e saaall 5 STV Cile sane (Slal apaas Jaf 01
H H H H
] 12 13 14
H- C - C —(lz - (IZ—H
| |
HH—C—HH H
|
H

2—Methyl butane

. If there are more than one alkyl groups, they are named with respect to

order of letter in Latin.
Al 8 oy padl i i 8 g Lgans o ¢ ST e gana (o ST cllia (IS 1)

. While naming, a comma is placed between numbers and a dash is placed

between numbers and names.
e las¥1 5 a8 ) Ada g a8,V (Al aua g oy ¢ Apanal) L

. If there are more than one of the same groups, their number is expressed

by Greek numbers (-di, -tri, -tetra) before there group name. The numbers
of carbon atoms to which they are attached are written separately.
A sl L8 5L gl ) (e pandil) Ao ¢ Cile samall i (g0 B2a) 5 Ao gana (e ST allia (S 1)
Jeadin JC5 Ly ot 55 (A 050 SIS )3 230 LS o5 Ae ganall anl U8 (-tetra ¢ -tri ¢ -di)

mono , 2—di, 3—tri , 4—tetra , 5-—penta
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We can examine the following examples for nomenclature rules:
el ac) & AN ALY and Li€ay

CH, CH,
A sl 4 5

1
CH,-C— CH- CH-CH,
,— ¢ :
CH

3

2,2-Dimethylpropane 2,2,3-Trimethylpentane

7 6 5 4 3 !
CH,-CH, -CH,-CH,-CH - CH, CH1
3 2 I 3 c

5 4 i |2

| CH,-CH,-CH - CH - (I
’ I

3-Methylheptane 'CH, CH,

‘CH

2

2—Chloro—3—-methylpentane
Exercise 4-3

Write down the names for the following structural formulas.

1)
CH CH

3 e
CH, - (:: - CH- CH - CH,
CH, Cl
2)
CH, CH,CH,
CH,~CH,~CH-CH-CH ~CH - CH,

Exercise 4-4

Write down structural formulas for the following compounds.
1) 2 — Chloro — 2 — methylbutane

2) 3,2 — Dimethylpentane

4-6-5-Isomerism

Isomers: are compounds with the same molecular formula but with different
structural formulas have different physical and chemical properties .

Adlite 35LasS 5 A0 5 Gl 55 Led Adliae A0S dana Led (815 Ay Sl Anpeall Gl el LS ja 1) a5 50
This phenomenon starts with butane (C4H10) molecule because carbon atoms

have two possibilities of bonding.
.L.}\).\ﬂ UYLA.\A\ L@J u}.\)ﬁ\ Q\)J d‘)! (C4H10) QL\)J\ cg)é-l oﬁu\ D.AA \J.\:I
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1% Possibility: Bonding of carbon atoms in an open chain (unbranched)
(G yile y) A gibe Al 8 oy 5o €Il 3 oy 25V JlaiaY)
CH,- CH,- CH,- CH,

(n- butane)

2" Possibility: Bonding of carbon atoms in a branched way.
CH A Hfia 43 yhay ()5 S S 3 Loy 1 S JLaiaY)

|
CH, - CH - CH,
2- Methylpropane

According to the old nomenclature, this compound is named as “isobutane.”
"0 341" el Sl 38 e 1l ¢ Aol Al s

As told above, butane has a single molecular formula and two different

structural formulas. These two compounds which are found in nature are

different by their physical and chemical properties as their structural formulas

are different.

GRSl Olaa aliag pidline (IS (iay Baals Ak s e e Qi) g sin ¢ odlel 8 LS
Al Logingnn RIS Cum Aiaasll 5 Ay il Lagsl 53 DAL Axelall (b (3 52 5ol

Example 4-2
Write down and name isomers of CsH1».
Solution: CH; - CHz - CHz - CHz - CH3

CsHy, has 3 isomers. (n —Pentane)
CH

| 3
CH, - CH - CH, - CH,
(2-Methyl butane )
CH

| 3
CH, - C - CH,
CH

3

( 2,2 — Di methyl propane)

Adohammed A/liﬂﬂd OB st




ORGANIC CHEMISTRY

Exercise 4-5

Write down the possible structural formulas (isomers) of the alkane with the
molecular formula of C¢Hy4 according to general or IUPAC system.

4-6-6-Physical Properties of Alkanes

1 — Solubility:
Explain / Alkanes aren’t soluble in water. But they dissolve in solvents as

gasoline and carbon tetra chloride.
s8I a8 el s G il Jie b (b 0 sX LT oLl 8 (LA AL e SV / Jle

Answer / Because Molecules of alkanes aren’t polar (they are nonpolar),

therefore, they aren’t soluble in polar solvents as water. But they dissolve in

nonpolar organic solvents as gasoline and carbon tetra chloride.

Jie dpladll cilpdall & QLM ALE pe ed lld ¢ (Aplad e d) dulad ol USIY) iy 3o oY / AlaY)
O3S0 2 I wal s 3l Jle ddad s 4 sae Clnde s ST Ll

2 — Boiling Point:

Explain / Boiling points of alkanes increase as their molar masses increase.
Al pall LS 50l )y e STV (e Jalis ala 35/ Jle

Answer / Because weak Van der Waals attraction forces increase when

surface areas of molecules increase.
il jall adandh clalied) ala 35 Ladie ala 3 ddmcall JE yo b Cda 68 Y / 2ulaY)

Explain / Boiling points of alkanes with open carbon chains are higher than

boiling points of alkanes with branched carbon chains

A g0 KU Judladl cld ) e Jalss e e da giaal) 4450 K Q) el bty lle Lalss / Jle
ic il

Answer / Because in alkanes with open carbon chains the distance between

molecules decreases and Increase surface areas of this molecules, so weak

Van der Waals attraction forces increase.
adand) clalisall 3y 355 il Sad) G Ailsal) (Bl da giaal) 233 50 ,SI Judladl <l U 4l / 4ay)
Adpazall 8 o Gl a5 8 ala 35 Gl ¢ il all a3gd
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Explain / boiling points of (n Pentane) are higher than boiling points of
(2 — Methylbuthane).

OB Jie - 2 gl da 3 e el gl n glle Ll / Jle
Answer / Because in (n Pentane) the distance between molecules less than
(2 — Methylbuthane), as well Increase surface areas of (n Pentane) molecules
to become great than (2 — Methylbuthane), so weak Van der Waals attraction

forces increase.
sy o Aalis 325 G35 ¢ (Qlise iz - 2) e B iy 3adl o A8l (Ol n ) S aY /ALY
Al JU s gl s (5 8 ala 33 A ¢ (s e - 2) (e ST el (Gl n)

Exercise 4-6

Which of the following compounds has the highest boiling point?
1) CsHi

2) CH,4

3) CsHis

4) CoHe

Note;

1. Methane, ethane, propane and butane are in gas form at room temperature.
A8 pall 3 ) s A o (A le JSE A sl s gl g A Gl ]

2. While alkanes which have number of carbon atoms between (5 - 17 )

become liquids
Al i (17 - 5) o O S @3 2ae e g giat Al GBS Ly, 2

3. When alkanes contain number of carbon atoms great than 18 become solid.
Aalia maai 18 (e ST 5081 3 e d2e Sle GV (g siat Leie 3
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*
-
»

CH,CH,CH,CH,CH,CH,CH,CH,CH,CH; ,’E‘HmcH: Decane
CH,CH,CH,CH,CH,CH,CH,CH,CH, ,/ CH,  Nonane
CH,CH,CH,CH,CH,CH,CH,CH, ~f CH,  Octane
CH,CH,CH,CH,CH,CH,CH, ./ CH,  Heptane
CH,CH,CH,CH,CH,CH, (* CH,,  Hexane

CH,CH,CH,CHCH, .* CSH Pentane

12

CH,CHCHCH; » - Butane

Boiling point( °C)

CH,CH,CH, o = Propane

/

‘C'H_,C'H_; g . Ethane

[

| CH o 34 Methane

4

2 34:5 6 7 8 9 10
Number of carbon

4 — 6 — 7 — Chemical Properties of Alkanes
A — Chemical Reaction:

Explain / Alkanes are less active when compared to other organic compounds.
6 AY) A seaal) LS Halls L jlaa vie Ualis Jaf b1y ¢ s

Answer / Because alkanes are saturated hydrocarbons, they have strong single

bonds. So need big amounts of energy are necessary to break their bonds.

A8 (pe 5 0SS ) rling GUIAY 3 8 80 jhe ol 5 ) Lguald ¢ Amadia lig S50 (e 5 ke STV Y
ped) 5 ) Sl 3 )5 pua

Alkanes don’t react with strong acids as sulfuric acid and nitric acid under

normal conditions. They also don’t react with strong bases as sodium

hydroxide or oxidizing agents as potassium permanganate.

Y gl LS Al g lall 8 el il (e g ol Sl aala e Ay sl (aleaY) pe SIY) Jelin Y
p sl sal) ilinia yy Jia 808 50 Jal sl o 533 el 2 gy Jia 4y ) 2o g8l) e Jela
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B — Combustion Reaction:

Explain / Alkanes are used as fuels in industry and engines of motor vehicles.
) S jaa g deliall L8 268 o LISV aadiius

Answer / When alkanes are combusted fully in air, they yield carbon dioxide
and water vapor along with smokeless blue flame. A great amount of energy

Is released.
Y s G500 gl ae slall 5la s 0 5o sSI sl 3 25 Ll ¢ o) sl 3 JulSIL CHSIY (3) il o Ladic
ABlall (085S S (3 o4 AN

General formula of combustion of alkanes is as follows:
rok LS a SV (31 iaY dalal) dipal)

+ (3n2+1) 0, nCO, + (n +1) H,O + Heat Energy

n " 2n+2

CH + 20, —— CO,+ 2HO + Heat Energy

4

C — Thermal Cracking:

Alkanes are transformed into saturated or unsaturated compounds with heat

effect in air-free medium by breaking of carbon chain or loss of hydrogen

molecule.

Ulis 5205 3150 e o) sl (0 T s B sl il g danie e 5l aniie LSy ) KI5
G souel s o o i (50 SU

For example, propane can be cracked into two different compounds as

follows:
() sl e (paline (S ye () Qls o) eSS OS¢ JUall daan e

CH, + CH,=CH,

Meth Ethylene
CH_,J—CH‘.!—CH . #< ethane
Propane

CH-CH=CH, + H,
Propene Hydrogen
gas
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Explain / Thermal Cracking reactions are accepted as very important.
s daga Ll e )l all sl cdle i 5 5

Answer / Because they are used in oil-refining to obtain fuels for planes,

automobiles and other engines.
LAY S el gl adl gl il 0 8y Ao Jpeandl Tadill yy S5 8 axais LY

Reaction mechanisms :

1% Possibility: Free radicals form as a result of homogeneous cracking.
olatall Gaall Ao jall ) shall JRaE J5Y) JuiaY)

Generally, the largest carbon containing structure undergoes homogenous
cracking. Through addition of hydrogen atom to the other radical, double bond
is formed in the larger radical as follows.
Dl ) G el 350 Ala) I e ailatie jpusil (0 SH e (g ging IS ST iy ¢ ple USG5
S il e Y1 A 8 oo all ddayl ) JSET ¢ AY)
H H H

\|/| C H —-CH4+ CHz:CHz
H H H Methane  Ethene (ethylene)

Propane

2" Possibility: To form a hydrogen atom free radical, (H — C) bond is broken.
H radical is bonded with another H radical to form H, molecule. The

remaining is propene molecule.
OrsSl DATH Jdas H L3 da n Adayl )l S 2y (HC) ¢ 5oall 53l fan s el 553 JSaal 1 Sl Juaiay)
Ol s A Al Hy es s

H H HoHy, H
| |
H-C- c7c HiH— >»H C-_ C=C-HiH,
| | | |
H H H H H H Hydrogen

Propene

Exercise 4-7 / Write down thermal cracking reaction of n-butane.

o%akmmﬂdm}uk@
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D-Substitution reactions

It is the substitution of one hydrogen atom in alkanes with a halide atom (Cl,,
Brz).

(Clz, Brz) 2t 3 )3 IV L saa) 5 Gan 53 5,0 Jlasial 43
For example, in the reaction of methane with chlorine, the reaction continues

until all hydrogen atoms in methane are replaced with chloride atoms.
el (A a5 ouedl 13 IS Jlasial &y (s Jeldill iy ¢ slSl ae el delés A ¢ Ol dass e
PPN EEPIE

CH, +ClL—>2"" , CH-Cl+ HCI

Methyl chloride

CH, - Cl + CL, > CH,-Cl, + HCI

Dichloromethane

CH, - Cl + Cl, > CHCL, + HCI

Chloroform

CHCI, + CL > CCl, + HCI

Carbon tetrachloride

4 — 6 — 8 — Preparation of Alkanes in Laboratory
There are a few methods of preparation of alkanes in laboratory :

1- When sodium salts of carboxylic acids (R — COONa) are heated with solid
sodium hydroxide or barium hydroxide, alkanes are obtained. Produced

alkane has one carbon atom less than the carboxylic acid.
2S5 ol aliall 4 00 peall 308 5 )3 ae (R-COONa) AaleasS 5 SN (alaa D 4 533 gacall = 3lal (paias die
S 52 S (e (g0 JBl 83a) 5 50 S 850 e giiall GV (5 siny SV e J paanl) oy ¢ a5 500
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For example, when sodium acetate is heated with sodium hydroxide, methane
gas is obtained.
ladl e e Jsanl) s ¢ a s sall 0S5 g a g seall i cpaiis 24 Lavie ¢ JEal Jas e

A
CH,-COONa + NaOH > CH, + Na,CO,
Methane
When sodium propanoate (CH;CHCOONa) is heated with barium hydroxide
Ba(OH),, ethane is obtained according to the following reaction:

Jsanll 2 « Ba(OH)2 psebll 2S5 508 alasiuly (CHaCHCOONA) a5 small <l 5l g 5 (ppinss die
A Jolitll iy Y1 e

. A .
2CH,CH,COONa + Ba (OH), ——— 2CH,CH, + BaCO, + Na CO,

- h
Exercise 4-8 Ethane

Obtain butane gas from sodium salt of carboxylic acid.
Question) Write prepare Pentane from sodium salt of carboxylic acid.

2- In Grignard method, firstly, Grignard reagent is produced. In order to
obtain Grignard reagent, magnesium (Mg) reacts with alkyl halide in a
medium with dry ether as in the following reaction:

o spmtinal) Jeldhy ¢ 2l S SIS e Jgeand) dal a2l S GBS ) a ¢ Yl 2k S 38k

r AU Jelall LS Caladl 55 ae das 8 QSIYT 2l 2 (MIQ)

R-X+Mg " | RMgX

Alkyl halide Grignard's reagent
For example, Grignard reagent is obtained from methyl iodide (CHzsl)

according to the following equation:
(A Aalaall B8 5 (CHal) Jiiaal) 23 38 (g 2k S a3lS e Jgraall o ¢ Jlia) Ja e

CH,-1+Mg _ " _ CHMgl

Methyl iodide Magnesium Methyl iodide

Alkanes are prepared from Grignard reagent by two methods.
Oy yay 5 5l HS (RIS (e LISV jacaas a4y
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A- If target alkane contains as many carbon atoms as Grignard reagent, the
reagent is analyzed aqueously. Therefore, this method is called as aqueous
analysis of Grignard reagent.

Gl Gile S Jala ¢ 0l S CallS Jie 05 )SI @l 50 e el e (5 siag Caagiuaal I S 1)

ki S IS S idailly 46y Hhall 238 s ¢
RMg X + H-OH > RA;H+Mg( OH)X
dane

Preparation of methane is an example:

Dry Ether .
CH,— I+ Mg > CH, Mgl

CH Mgl +H-OH » CH, +Mg(OH) I

Methane

B- If Grignard reagent reacts with an alkyl halide, no. of carbon atoms in
prepared alkane is more than no. of carbon atoms in the reagent. This
difference is as many as no. of carbon atoms in the alkyl halide.

On st Y e SIST pumadll GISIY) (8 s SI b e 8 ¢ DT s we Jeliy 3 5l e (RIS IS 1Y

RUESH KN PR pRPNES N SO TP LEQ RV < g PUPPRN JEA
RMgX + R-X »R - R + MgX|

Alkane

CH Mgl + CH -1 ~ CH, - CH, + Mgl

Ethane

Example 4 — 3

Prepare the following from Ethyl chloride, 2 — Chloropropane and any other
substances you wish.
Moy 55 (5 AT g gl s s sl -2 ¢ DY) 2 )5S e e slaely o

A) n — Butane B) 2 — Methylbutane
Solution:

A- First, we prepare Grignard reagent from ethyl chloride.
dry ether

CH, CH,Cl + Mg » CH,CH, Mg Cl
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We need an alkyl halide with two carbon atoms in order to increase number
of carbon atoms and to prepare n-butane.

CH,CH,Mg Cl + CH,CH,Cl ——— CH,CH,CH CH + MgCl,

B- In order to prepare 2 — Methylbutane, we need to increase number of
carbon atoms in Grignard reagent. For this, we need 2 — Chloropropane.
CH,CH, Mg Cl+ CH~Cl - Cl —— CiI {,~CH-CH,+ MgCl,

CH, CH, CH,

2- Chloro Propane 2- Methyl butane

Exercise 4-9

Prepare the following substances using ethyl chloride and any substance you

may need.
Lealing 38 50le gl 5 QY 3 ) 5IS aladiuly LU o) gall Slacly o8

a) Ethane

b) Propane

c) Butane

Question) Write prepare 2 — Methyl pentane from ethyl chloride.
4-7-Alkenes (Olefins)

They are unsaturated hydrocarbons. They are accepted as linked chains.
Members of alkenes contain less hydrogen atoms when compared with
alkanes. Carbon chain has a double bond. Alkenes are shown with the general

formula of (C,Hay).
vie J8l Cpa sy @l 3 e il liac (g gind dasi o Jusdl Lgd 5 2y dauiia je Clis S5 50 L)
(CnHzn) 3 dalall dagpally QY jedas A 5 e Ayl Led () 5o SU Ailis UIKIVL L jlia
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R-CH=CH-R or R-CH=CH,

R=R’ means a symmetrical alkene whereas R # R’ means asymmetrical
alkene. Alkenes undergo addition, oxidation and substitution and combustion
reactions. The simplest member of alkenes is ethylene (C,H,). Ethylene can
be written as ;
3 5 ALy colelal LY aads Jilaie e ol i R # R iy Jilie oS iy R=R?
¢ S i Y) ALS (Sa (CoHg) OaliY) s sV 3 g Tl (31 a5 JIasin 5
H H H
\ e .
C= C::C
7 iy *

H H H

orasbelow: cy = cH
2 2

Exercise 4-10
Which of the following is the formula that doesn’t belong to alkenes?

A) C;Hs
B) CsHio
C) C/His
D) CsH12
4-7-1-Nomenclature of Alkenes

1- Choose the longest carbon chain with double bond.
Aa 52 30 Adasl ) I3 A gy 58 Al J 5kl i)

Number carbon atoms starting from the closest carbon to the double bond.
A 53 el Al U (53 8 o1 (g el 50 pSH 53 200

Name the longest chain as an alkane. We replace (-ane) suffix with (-ene).
(-ene) = (-ane) 4a=3 Jagius S il e A J ghal dpeniiy o8

Determine the position of double bond by picking the smaller of 2 numbers
on the double bond.
A 53 el Al e el ) (e a1 a8 1 Lsals ds 5 3all Aday) )l g e 208
Determine other groups with respect to the numbered carbon atom.
A yall 0 S 33 Al (5 AY) Cile ganall paas
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Names of some alkenes according to IUPAC system and old (common) system

Common name Systematic name (IUPAC) Structural Formula

ethylene Ethene CH,=CH,

propylene Propene CH,- CH=CH,

butylene 1-butene (CIEL = (CIEL = (CIEl=CIEL

2-butene CH,- CH=CH - CH,

pentylene 1-pentene (Cleke (CIBL = (gL =TIl = (CI5L

2-pentene CH,-CH,- CH=CH - CH,

CH,- CH- CH=CH,
CH

3-methyl-1-butene
3

CH,- CH,- C=CH,
2-methyl-1-butene o :

CH,

Exercise 4-11
Name the following alkenes according to general nomenclature system.

1)CH, - C=CH - CH,
H

2) CH, - CH, - CH = CH,

4-7-2-Geometrical Isomerism (cis-trans isomerism)

Explain / In alkenes, due to double bond, attached groups can’t turn around

the double bond freely.
4 A 93 el Adayl )l Jga Sl A sall e ganall (S Y ¢ A 53 el Al 1 sy ¢ iV 3/ Jle

Answer / Because double bonds are shorter and stronger when compared to

single bonds.
2 Al T 5 s L Jlia die (5 58l 5 el s 53 3all Jaod 5501 Y / s YY)

But they can be positioned in 2 different orders with respect to each other.

This different order seen in alkenes is called as cis-trans isomerism

(geometrical isomerism). For example, including geometrical isomers,

expected structural formulas for C,Hg molecular formula are as follows:

o b ) Al sl 1 e Gtk Gl Ly lat Lad (pilide (i al (8 Lennn s (e 05U

Apadid il yeg ) Ay 8 Ly ¢ JUal) o e (23} ISOMeErism) isomerism cis-trans sl <lasTy)
1ol LS (oo CyHg 4 jall dapall 428 gl Sl pnall L ¢

sihangied Almed 051
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(A) (B) (C)
CH,
|
CH, - CH, - CH = CH, [CHJ ~CH=CH - CH_] CH, - C=CH,

1- Butene 2-Butene 2- Methylpropene

2) Geometrical isomers of 2-butene are as follows:

CH, - CH = CH - CH,

2- Butene

7/
= C
N\

CH,

trans-2- butene _is -2 - butene

. £
.

There are two main conditions for a compound to form geometrical isomers.

The first is the position of double bond (being in center not in sides), the other

Is no branching in carbon atoms of double bond. 2-butene supplies these

conditions.

SSall (8 43 5S) A gaal) Al 1) mse g JsY) Apia el G sSE S all Gty Uyl llia
Los il o8 55y (i g2 A 50 all Adagl U (g 5 SI 50 (B S Y AN ¢ (uladl (B G

Exercise 4-12

Write down isomers of CsHio alkene. Determine which of those is a
geometrical isomer.
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4 — 7 — 3 — Physical Properties of Alkenes

1- First three members are in gas form, others are in liquid form.
ALLMB‘)H&F&\ )a’—\j ‘})LCJSM&GL»A&‘M)JJ}‘\

2- Boiling points increase as molar masses increase.
A0 gl AL Baly 3 e bl ol o

3- They don’t dissolve in water but dissolve in organic solvents.
A sac Clnde 8 i iy elall (8 i Y

Question) What are the physical properties of alkenes?
4 — 7 — 4 — Reagents

1-Electrophiles

2-Nucleophiles

Particles (atoms, molecules or ions) which have empty orbitals and can accept

a pair of electrons or electron loving reagents are called as Electrophiles or

Lewis acids. Particles which can share a pair of electrons by donating or

nucleus loving reactants are called as Nucleophiles or Lewis bases.

s g IV e e gy Jai o) (S5 A8 o lae Led ) (il o) o ol ) ol ) )all) Clagsad) anss

On a0 G A O (S ) Slarall cand ! oabeal 5l il s I s 5 ST dsall Cai) <)
st ae ) sl b g€ g s w31 5ill Apmall e il i gl sk e g Sy

Table 4-4 shows examples for both reagents

Nucleus loving reactant Electron loving reagent
Nucleophile (Lewis Bases) Electrophile (Lewis acids)
Negative hydride ion (H-) Positive hydronium ion H*

Halide ion X-(F-I',CI, Br)

. Ly
Hydroxide Ton (OH) Carbocation _(|:

|
Carbonion —C
| Boron trifluoride BF,

| |
Double Bond —C=C—

Triple Bond —C=C— Polarized Carbonyl group —C—

Ammonia NH,
Aluminum Chloride AICI,
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Question) Define the following:

Electrophiles (Lewis acids): Particles which have empty orbitals and can
accept a pair of electrons or electron loving reagents.

Nucleophiles (Lewis bases): Particles which can share a pair of electrons by
donating or nucleus loving reactants.

Stability of carbocation:

A carbocation becomes more stable as number of groups which repel bond

electrons increase. For example, a carbocation which bonds 3 alkyl groups is

known as the most stable type.

3% ddadi yall s SIBU Aadlal) aalaall dae ol ) WS 1) jEiul ST () 5Sy can sall a5 s SN G sl
)il &1 55 ) AW @ g g JISI (sl ing s A gl () 0 )S])

H
|

R—>C* R—=>C* Ri“{lj+ H-C*
H

Tertiary most stable Secondary Primary Least stable

Explain / A carbocation which bonds 3 alkyl groups is known as the most
stable type.

Answer / Because a carbocation becomes more stable as number of groups
which repel bond electrons increase.

4-7-5-Chemical Properties of Alkenes

Alkenes owe their properties to double bond (Double bond performs chemical

activities of alkenes). Alkenes tend to satisfy double bond in order to become

more stable.

Jeai (LS ALasl i) (255 da g jall Al jll) dn g el Al p) L) Leailady (i i1y
IO il ST et () Jal (e A g0 all Aail ) sl ) ) sty

Adohammed A/liﬂﬂd OB st




ORGANIC CHEMISTRY

Alkenes undergo the following reactions:
Al e lall I auads

A-Addition Reactions:

Markovnikov’s rule: According to this rule, positive ion adds to the carbon
atom of double bond with the highest No. of hydrogen atoms. While negative

ion adds to the other carbon atom of the double bond.
O 2ae el ga da s all Aayl Sl 50 S 33 ) o pall (0] iy ¢ Bac 8l 2] 1885 18 558 S e 32c 13
Aa sl Aayl U (5 AV (S0 83 ) Al il ) Gy Lt G s el <l 3

R-CH=CH, + AB » R-CH- CH,
B A
Carbon Atom with Carbon Atom with

least number of hydro- highest number of
gen atom hydrogen atom reaction mechanism

A+ Y H
R-CH=CH——=—»R-CH-CH, ———> R - CH-CH,
\u carbonium ion A ’ ! !

B A

Types of addition reactions are given below.
1-Hydrogenation (Hydrogen addition)

Alkenes react with hydrogen and saturate in presence of platinum, palladium

and nickel as catalysts along with heat and pressure.
naall 530 all cuila ) ) 3iaeS Sl 5 sl 5 GO 2 ga 5 B a5 Cna s el ae LI e i

CH,=CH, + H, —L' , CH, - CH,

% suitable solvent
Ethylene Ethane

This method is used to prepare alkanes and hydrogenation of vegetable oils.
Al g 0 A o g CUISIY) jaaatl 45, Hhall o2 aadiu

Hydrogenation of alkenes is carried out in presence of platinum catalyst.
According to this, hydrogen molecule is divided into positive and negative
hydrogen ions. Firstly, through addition of positive hydrogen ion, carbocation
Is formed. Then, negative hydrogen ion is added as shown below:

Ao sl G 5l sl ) Gan s gl oo 3 ity ¢ SUIATEE g ) Jiae 3 sa s 8 LSIY) A e S

O soel) Ol iy &5l g0 )SI QIS 25 ¢ an el Cpa s ygd) (sl Adlia) DA (e ¢ Y1 AL
:c\_'mi C_.AJA BL) LS ;\n.ud\
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Pt

H———H+ H-

/<—\ H* H-

CH-CH=CH——— CH*—_C H- CH,———— CH,- CH - CH,
Propene Carbonium ion Propane

2- Halogenation

When an alkene compound is mixed with bromine solution (red-colored)
dissolved in carbon tetrachloride, we see that red color disappears as a sign of
interaction of bromine with the double bond. As a result, a double halide
compound is formed.
i3 ) sl O s ¢ Sl a5 a2 e (Gl eal) o staes SIS e Ll o Lasie

525 3 oS e (5SS ¢ Al Aas A 50 Jall A 1 ae g ) Jeli e Jias
This process is used to determine presence of a double bond and to
differentiate an alkane from an alkene.

O e S el g s 5 e Adayl ) 3 sa 5 uanl Alaal) 03 padind

CH, = CH, + Brz(J—C]*a- Br - CH, - CH,~Br

Ethylene Bromine 1,2- Di bromo ethane
colorless red colorless

3-Addition of hydrogen halide-HX (HCI or HBr)

Addition occurs according to the following equation.

/\ 3
_ |
CH, - C = CH+ HBr—BL» CH, - C — CH,
[ I
CH CH,

3
2-methyl-1-propene 2-bromo-2-methylpropane

Exercise 4-13

While 2 — Bromopropane is formed from the reaction of hydrogen bromide
with propene, 1 — Bromopropane isn’t formed. Why not ?
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4-Addition of Strong Sulfuric Acid to Alkenes
When ethylene gas (which is an alkene) is passed through concentrated
sulfuric acid and hydrolyzed according to the simplified equation below,
alcohol (Ethyl alcohol) is formed.
¢ ool Annsnall Alaleall 18 5 olally Jlaty s 3S pall @l €0 (man yie (OSI 92 5) i) e a2 Ladic
H SO, (DY) JsaS) Jsasl o 585 oy
CH, = CH, + H,0 > CH, - CH, - OH
) - Ethyl alcohol
This reaction is used to separate alkenes from alkanes after thermal cracking
process. The method is also accepted as a commercial process to produce
alcohol. Intermediate product (Ethyl hydrogen sulfate) decomposes through
hydrolysis and forms alcohol and concentrated sulfuric acid.
Al AlenS Wyl 4 g 48l gyl pal) 5l dilee aay SISV e cliSIY) Joail Jeliil) 138 axiiy
aan s Jealll JSi s Sl dadll A e (DY) Gon s <l 3€) Jass sl mtiall Jlaty J5aS Z LY
S el gy sl

B - Polymerization
It is a type of addition reaction of alkenes small molecules which are called
monomers build up in presence of a suitable catalyst (e.g. sulfuric acid)

produced saturated molecules which large molar masses .
d;u)wm)&gﬁjggé\)ﬁ?u\a\fﬁﬂ\wg\sw\@&Q&\Q@}Rﬁuj&wwt}uj
BomS Al g JIS il A Dy S i (Gl Sl Gaea
Polymers are used in plastic production. For example, from the reaction of
ethylene molecules, a substance called as polyethylene is produced.
(sl e Bale ) & ¢ Y Al s Jeld (¢ JBal) Jaa (Ao el #1) 8 G el gal) aadius
H SO, o

n(CH, = CH,) ———[-CH,~CH (CH,~CH,) CH ~CH -],

? ? 9 ? Polyethylene
NN

CH,=CH, _CH,=CH,

¥
Q @

esssspoessee

A

Monomer 3 Monomer 2 Monomer 1

(- CH, - CH,-CH, - CH,)n
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Polymerization: It is a type of addition reaction of alkenes small molecules
which are called monomers build up in presence of a suitable catalyst (e.g.
sulfuric acid) produced saturated molecules which large molar masses.

C- Combustion Reactions
Explain / Alkenes burn with a smoky flame in air .
o sell (8 DA gl (b yint iy / Jle
Answer / Because ratio of carbon is higher in alkenes than in alkanes.
USIY) 8 i Iy 8 e s S A (Y / ol sl

As a result of combustion, CO, and water vapor (H,O) are formed. Besides,

energy is released.
Al 33Ua) oty ¢ elld il VI L(H20) sl Sl 0o pSU 2T 36 0 5S¢ 3) a0 A

CH, = CH, + 30, » 2C0O, + 2H,0 + Energy

D — Oxidation Reactions

When alkenes are mixed with cold dilute potassium permanganate (KMnQy,)

purple colored solution, the strong oxidizing agent potassium permanganate

breaks double bond and purple color disappears rapidly. At the end of

oxidation, a substance called as glycol and manganese dioxide (MnO,) a

brown precipitate are formed.

i) 5y dale (8 ¢ (KMNO4) 3l e cataall o sanli sall iy Jslae ae €Iy Lals 2y Laie

Bale 03 oS5 oy ¢ BV Aed (8 Ao oy (s )Y Ol Ry 5 A 50 hall Al 5l juy sl all i
(2wl ) (MNO2) sisial) apsl A6 5 J S0 o

3CH, = CH, + 2KMnO, + 4H,0 3CH, - CH, + 2KOH + 2MnO,

purple solution | |

OH OH dark brown

precipitate

Ethylene glycol
When hot concentrated potassium permanganate solution is used, ethylene is

oxidized completely as in the following equation.
Al Aalaal) 8 LeS Lalad Cli¥) 2l ¢ CALL) e 35S pall o saull sl cilimia n J slae aladinl ie

CH, = CH, + 4KMnO,—— 2CO, + 4KOH + 4MnO,

This method is used to separate alkenes and alkanes as in bromine method

told in the 2" method.
Al 48y Hhall 85 sShall o gyl 48y Hha LS U 5 LSV Jaadl 45l 038 axdius
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Question) Compare mixing of alkenes with cold dilute potassium
permanganate solution or hot concentrated potassium permanganate solution.

Answer/

When alkenes are mixed with cold dilute potassium permanganate (KMnQO,)
purple colored solution, the strong oxidizing agent potassium permanganate
breaks double bond and purple color disappears rapidly. At the end of
oxidation, a substance formed called as glycol as in the following equation:

3CH, = CH, + 2KMnO, + 4H O —— 3CH, - CH, + 2KOH + 2MnO,

. | |
purple solution dark brown
OH OH precipitate

Ethylene glycol

But when hot concentrated potassium permanganate solution is used, ethylene
Is oxidized completely as in the following equation.

CH, = CH, + 4KMnO,——2C0, +4KOH + 4MnO,

Exercise 4 — 14
Show how 2 — methylpropene can be differentiated from butane using
bromine solution dissolved in CCl, via chemical equations.

Al Sl c¥aleall yie CCly (A Il g ) Jslae alasinls 8 sl e Garg 0 Jiise -2 i’ (S S el

Question) Express the following reactions in balanced chemical equations:
1 . Hydrogenation (ethylene - propene)

2 . Halogenation of butene with bromine solution (red-colored)

3. Addition of hydrogen halide to 1 — Butene

4. Hydrolysis of ethylene in the presence of concentrated sulfuric acid

5 . Polymerization of ethylene

6 . Propane combustion
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4 — 7 — 6 — Preparation of Alkenes in Laboratory
1 — Dehydration of Alcohols

In order to accomplish this reaction, several catalysts as concentrated sulfuric

acid are used. Ethylene is produced when concentrated sulfuric acid is mixed

with ethyl alcohol and heated until 165 °C.

Ol ) &5 S el ety €U (aals Jie s laad) Jol gall (e el aladiind 2 ¢ Jelal) 13 3dad Jal o
Aasieda )0 165 (S andd s Y JsaS e 58 pall el 8l (sl Lla vie

H, SO,
CH,- CH,- O-H » CH, = CH,+ H,0
Ethyl alcohol 165°C

We should emphasize here that hydrogen atom is lost from the other carbon
atom which is bonded to the carbon with OH group.

OH e sana o 5810 Adasi jall (5 AV (52 )SU 83 (e gl a5 oed) 350 Of Lin S5 o oy
Example 4 — 4
Prepare propene using a proper alcohol and necessary substances.

4 gl A gall g culiall JsaS alasinly G g pall juiass

Solution:
We need to choose an alcohol with 3 carbon atoms in order to prepare
propene. CH,CH=CH,

In this case, we choose propyl alcohol . CH,CH,CH,0H The reaction occurs
according to the following equation:
A1l Alalaall 188 5 Jolanll Cuany (JsaSl Jang 0 Jlias ¢ Alladl oda 3
H,SO,
CH,CH,CH,OH » CH,CH=CH,+ H O
' ) 165°C ‘ 7

Propyl alcohol

Exercise 4 — 15

Prepare 1 — butene using a proper alcohol and necessary substances.
A el A sall 5 casliall JsaSl aladiuly (o gn -] jpiasd
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2 — Removal of Hydrogen Halide (Dehydrohalogenation) from Alkyl Halides

Alkenes can be prepared from the reaction of a strong base as KOH dissolved
in alcohol (alcohol assumes the role of a catalyst here) and an alkyl halide
(R — X).
2l 5 (L Sanall 550 Joasll (g 5ty J a8 KOH sy i By g8 5208 Je i (e LSV juan (S
(R —=X) Jsiy)
CH, - CH - CH, + KOH ""'C—z‘".- CH,- CH= CH, + KCI + H,0
|
Cl

2-chloropropane

Propene

Reaction Mechanism:

» CH,=CH - CH,+KCl +H0
propene

Notice that hydrogen is removed from the other carbon atom which is bonded
to the carbon with halide (chloride).
(20 A & e QI dai 5 0 A (s KU 353 e J13 s gd) Of aaY

Exercise 4 — 16

Prepare 1-butene using proper alkyl halide and necessary substances.
Ao sl 3 gall 5 i) JSIV) aulla aladinly (i g -] aasd

4 — 8 ALKYNES-ACETYLENES

They are the third type of hydrocarbons. They have the general formula of
CnH2, » and the structural formulaof R-C= C-H or R-C=C-R

Their characteristic is to have a triple bond. Their first member is acetylene
( —-C = C~), therefore they are also called as acetylenes.
Ol aul Wyl agile 3llay GIA ¢ i) s agilcact Jof 2300 Ayl ) agad 0 5S5 O (A agd e

3 pairs of electrons between 2 carbon atoms form a triple bond in acetylenes.
i) (8 A Ayl JSES (0 50 S 050 O g SIY) (g )50 3
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Acetylenes undergo addition reactions just as olefins do. The reason for this
Is that triple bonds can react with electrophiles. Therefore, catalysts are used
In most addition reaction of acetylenes.

taAA_I

il Al) e alias 3 <l Saaall aladiud 4 ¢ SN 2l S o sall e

Explain / A hydrogen atom on the carbon of a triple bond is more active than
a hydrogen atom on the carbon of a double bond.

g )l G528 e 835 sall G s _ag) 5,53 (g Ul STASEN Ay )1 (052 S e 535 gl G g sgl) 30

A 53 3l

Answer / Because it can undergo a substitution reaction with a metal, and

hydrogen atom on a triple bond is accepted as acidic.
Apmes Ll e A0 A o cn g suel) 50 U s ¢ Qe g Jlagial Jelill pady o (S 4

4 — 8 — 1 Nomenclature of Alkynes

1- The longest chain including both carbon atoms of a triple bond is chosen.
Then, the chain is numbered as the carbon of triple bond will get the
smallest number. The longest chain is given the name of corresponding
alkane. “-ane” suffix of alkane is replaced with “-yne” suffix. The position
of the triple bond is mentioned by the smaller number on both carbon

atoms.
0508 Jama s Cam ALl o 3 o3 ¢ SIS day AN Aayl 1 ¢ g0 S0l ) Aanaie Aludis Jhal jlas) o3y
SIS "gne" Aaa D Jlagivd a3y Jilaad) SN and Al Jshal elac) a5y a8 ) jraal e 25 Aoy )
O3 @l ph el asadl A (e A5 dday) )l aa ge S5 a3 "yne", A8l

2- Names of branches are given. Their positions are mentioned through the
number of the chain. The following examples show nomenclature of some
alkynes.

SV Gy e A ABGY] a5 Alulidl B ) VA (e agadl 50 HS3 25 & 5 il laud SO
H-C= C-H Ethyne
CH,-C = C-H Propyne
CH,-CH,-C=C-H 1-butyne
CH,-C = C-CH, 2-butyne
CH

3
|

CH, - L; —C=C-H 8,3-dimethyl-1-butyne
CH

3
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4 — 8 — 2 — Physical Properties of Alkynes

1. Their boiling points increase with increasing molar masses. The first 4

members are in gas form whereas the remaining are in liquid form.
il J85 8 AU Ly e Js:;‘;;u,gmdji Al gl AT 30l ) ae Leslle Jalss ) 33

2. They dissolve in water and in other polar solutions slightly, but they are

highly soluble in organic solvents.
g sand) cludall 8 (3 ddle LS SUB 5 Al dpdadll Jllaal) i eladl 8 s

Question ) What are the physical properties of alkynes?
4 — 8 — 3 — Chemical Properties of Alkynes

Alkynes which have a structural formula of (R — C = C — H) possess two active
groups. These are:

1. First active group: triple bond
2. Second active group: weak acidic hydrogen which can react with metal
acetylides as sodium acetylide.

A) Addition Reactions

Explain / Alkynes to behave like alkenes (olefins) and shows similar chemical
activities. Alflas AilaasS Anil edas 5 (i V1) LIV Jie G s lSIY)

Answer / Because presence of unsaturated triple bond in alkynes tend to

saturate this bond completely or partially.
G ol LIS dda 5l oda qudi ) Jaey SV 3 dandie e A8 Al 25m 5 OY

Addition reactions are as follows:
1 — Hydrogenation:

It is possible to saturate alkynes by reacting them with hydrogen gas in
presence of nickel or platinum catalysts. This process functions in two steps.
dlaadl 038 Jani D) ) Ol (e 0l e dgm s B Cpas gl Ole pa Lo ity STV alil (Sl (e

Cfigha A

In the first step, an alkene (olefin) is produced. (osidsl) oSz 2 e 5315 haall b

In the second, an alkane is obtained. Ol e U geand) iy ¢ 401 8
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Ni Ni
CH,-C=C-H CH, —CH = CH, CH, -CH, — CH,
3 H') - “ H J -
propyne i PI’OPEDE i propane

2 — Addition of Hydrogen Halide

It occurs in two steps and compounds with halides e.g. 2,2 — dibromopropane
are produced.

Br Br

I I
C-H +HBr— > CH,~ C= CH,— ', CH,~ C- CH
, ;¢
Br

2,2- di bromo propane

3

2- bromo propene

3 — A ddition of Halides (Br,, Cl,)

A halide molecule adds to a triple bond readily and haloalkenes are produced.
Then, by addition of one more halide, double bond of alkene is saturated and
an alkane is obtained.
o)l i oy ¢ AT e A8l ¢ i S glla L) ot g A g A0 Ada) ) ) el esda
O e geanll iy 5 SIS A 50 3l
Br Br Br Br

[ Br I
CHg—C =C-H +Br2—>CH3—C:C—H—2> CH3—C—C—H
’ | |

Br Br

propyne 1,2- dibromopropene 1,1,2,2-tetrabromopropane

B) Acetylide Reactions

They are the reactions of acidic hydrogen atom of triple bond carbon. An

acetylide is a compound derived from active metals as sodium and calcium.

o3 gl Jia daii Galas (e (Bidie S e Al AENEN ol 1) (50 ST dpmanll a5 el 30 e i L)
.e}.—.‘*ﬂkﬁ\}

As result of decomposition of those in aqueous medium, an alkyne is
produced. OS2 iy ¢ lall o gl 883 g gall Al Jlail A

H-C=C-H+Na »H-C=CNa* + L H,
sodium acetylide
H-C=C-H+2Na—— »Na'C = CNa++H2

disodium acetylide
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Question) Express the following reactions in balanced chemical equations:
1 . Hydrogenation (ethyne - propyne)

2 . Halogenation of butyne with bromine solution (red-colored)

3. Addition of hydrogen halide to 1 — Butyne

4 — 8 — 4 — Difference between an acidic alkyne and non-acidic alkyne

Through use of Tollens’ Reagent, acidic and non-acidic alkynes as 1 — butyne
and 2 — butyne can be differentiated completely. Tollens’ Reagent is a solution
of ammonia-silver ion obtained from solution of silver oxide or silver nitrate
in ammonia. Tollens’ Reagent (Ag(NHs),OH) reacts with 1 — butyne and
forms a white precipitate, silver acetylide. But Tollens’ Reagent doesn’t react

with 2 — butyne as it doesn’t have an active acidic hydrogen atom.

2 —butyne 51 —butyne Jieisasl) je sduaaall SV juai oSa ¢ 58 SIS aladiul A e

doadl) 5 gl dadll 2T Jlaa (e dgle J seanl) o5 L sl dadll (gl (e Jslae a5 g8 cadlS Gl

OS) Aadll s ¢ oanl Bl ) JSau5 1 — butyne g oV si (Ag (NH3) 20H) <adlsll Jeliiy L gaY)
Abdidpmes (a5 )28 850 e 551y Y 4 2 — butyne e delin Y il cadls

CH,-CH,-C = C-H +Ag(NH,), OH — CH,-CHC = C ’Agl +2NH, +H,0

1-butyne Tollens’ Reagent white precipitate

CH,- C = C-CH, +Ag(NH,), OH —— N.R

2- butyne No reaction

4 — 8 — 5 Preparation of Alkynes
A. Preparation of Acetylene gas in industry and laboratory
1. Acetylene is produced from the aqueous reaction of calcium carbide as

shown in the following equation.
A0 Asleall e se s LS o saull€l g <ULl Jelaill e cliand) =i

CaC,+2H,0 — H-C=C-H+ Ca(OH),
Calcium Carbide acetylene gas (ethyne)
2. Acetylene gas is obtained from heating methane gas in air-free medium

at high temperatures as shown in the following equation.
s LS Alle 5 ) ja il die o) sell o JA Jaws 8 L) e ada (e alinal) e e Jgeanl)

2CH, 1500°C_ | _C=C-H + 30, ¥
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B — Preparation of Alkynes with high molar masses

Acetylenes are prepared from acetylene gas. It is first transformed into sodium
acetylide. Then, an alkyne is produced from the reaction of sodium acetylide
with a proper alkyl halide. For example, 1 — butyne and 2 — butyne can be
obtained from acetylene gas.
Jelii (e S L) oy ¢ 3 day o a0 gual) Jitiend () Yl Ay sa oy cpbian¥) Sle (e Califanl) yuiaad o
S On O 2 5 i -1 e dsanl) (Sa ¢ JE da (o calie ST s e 2 peall i
RUn ]
CH = CH+Na— > CH =C Na*+—H,
acetylene sodium acetylide

CH = C Nat + [-CH - CH ~—————®*CH = C - CH - CH_ i Nal
1-butyne

H-C=C-H + 2Na Na*C- = C Na* + H,
acetylene

Na*C = C Na* + 2CH, -1 Ol ML O Okl 0 o IR o 1
2-butyne

Example 4 —5

Prepare 2 — Pentyne from Propyne and ethyl iodide.
Solution:

In order to obtain sodium propynide, propyne and sodium must react.

CH,C = CH +Na ——> CH,C = C Na" + }11_ H,
By the reaction of sodium propynide (Sodium 1 — propyn — 1 — ide) with ethyl
iodide, we get 2 — pentyne according to the following equation.
CH,CH=C" Na*+I-CH,- CH,— CH,CH=C-CH,-CH, +Nal

Exercise 4 — 17

Which of the following compounds is the product of the reaction above?
CH,C = CH + 2HBr ——
A) CH3CBI’2CH3 :

B) CH;CHBrCH,Br
C) CH3CH2CHBI’2
D) BrCH2CH2CHzBr
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CHAPTER-5

NUCLEAR CHEMISTRY
5—-1-PREFACE

Matter was in plasma state (fourth state of matter). Plasma is a sea of positive

nuclei and negative electrons.
AL 5 I A sl (55 (pa s Lo U (8alall sl 1) NS Lo 30U Als b saLall coilS

5—-2—-NUCLEUS

The elements are made up of tiny particles called as atoms.
A i B e Gy Ja (e praliall () oSS
Atoms consist of main particles represented by nucleus. Nucleus is the axis

around which nuclear chemistry evolves.
s sl el alsn 505 A1 snall o 5 sill 315 Letiad i) A )l Cilasmaal) e <l 3 () S5

Though nucleus is too small, it carries most of atomic mass inside and its mass

Is much greater than mass of electrons.

A e S ST Ll Jalall 4,0 ABSH sl dasd Wl W) ¢ a3 s 31630 O e a2 e
RPNy

Electrons are negatively charged (e ) and they turn around nucleus at a great

speed. Amount of positive charge in an atom is equal to amount of negative

charge. Therefore, it is electrically neutral.
PRVRAI )‘-‘MLE}L&AJDJ-\“GBLA}AM =1 )‘AMD)JJS@)AJD‘}J\JPJJAS}(e_)” S\‘\..ISLA&_!LJ})JSSY\
L 568 Joleie sgh ¢ I3 A L)

The reason of positive charge of atom is due to particles called as protons.
These are positively-charged and shown with (p+).
(P +) el edai s Lulag) & saiia o8 5 lisig ) ot Cilaa () 3,00 D gl Ain3l) Cuans g

In an atom, there are also neutral particles. These are called as neutrons and
shown with( n°). (N°) Ll yedai s i i sl 28 oo Badlae Clagun Wyl aa g3 ¢ 3 )10 b

Number of nucleons in an atom is equal to sum of protons and neutrons. This

1s named as mass number and shown with “A”.
"A" Gl jeda g S aaell 138 Sl 55 sl 5 gl ¢ sena (5 sl A (8 Dl glS il axe
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Number of protons in an atom is called as atomic number and shown with
“Z”. This is also equal to number of electrons in a neutral atom. This number
determines the position of an element in the Periodic Table. These numbers
can be shown with the following order around symbol of an element.
Balae ;) bl IV aae (g gl Wadf 138 "7 el seday 55,0 Tae 53 &g yall aae e 5l
il ey doa ) i il BB Y1 038 e (Say sl Jsaall (B peaiall wia ge o8 1) 138 20,
mass number > A If we know mass number and atomic
X number of an element, we can find
atomic number ——3p» 7. number of neutrons (n) from this

information.
Al LiSad ¢ Lo juainl 5530 aaall 5 €I 20l Lid ye 13)

A-Z .
e slaall 238 (e () DU 53 sl 22

5—-3—-ISOTOPES

An element can have different mass numbers but its atomic number doesn’t

change. Isotopes are different forms of a single element. Isotope means “the

same place”.

bl aaly yeaied dilise JISE1 o A s Y g Al aaed) (ST ddliaa S slae] jeaill )5S o) (Say
"SR i iny

Explain / Isotopes of an atom fill the same place in the Periodic Table.
sV Jsaall 8 anads LSl 3,00 yillas Y

Answer / Because there are same numbers of protons in the nuclei of isotopes
of an element. But they have different number of neutrons.

g 53 sl (e alide 1300 gl (K1 Le jeaie il (55 8 Clisi gyl (pe Sl fae llia ()Y
Elements in nature are divided into two: Some have isotopes whereas others
not. For example, hydrogen element has 3 isotopes. These are:

@sin ¢ JE dan o QIS Gl DAY Gland) Ly i 4l Lgany sopand ) Analall b ealinl] aniss
e oW i3 e e g saell paic
e Normal hydrogen TH
e Heavy hydrogen or deuterium %D or H
e Heaviest hydrogen tritium 3T or 3H

Adohammed A/liﬂﬂd OB st




123

NUCLEAR CHEMISTRY

Three Isotopes of Hydrogen

o & ¢

2 3
H H H
Protium Deuterium Tritium
These isotopes show a difference of abundance in nature. Most of hydrogen
atoms are found in water (H,O). In every 6000 normal water molecules, there
is only 1 molecule of (D,0) (heavy water).

JS 8 (H20). slall (8 o s snell <) )3 alans o ) giall &5 Aapdall 8553501 3 B0 Uil s el
8 el (D20) (10 b 2l g o5 a3 1 ¢ gale ela 25 3> 6000

1

In order to obtain heavy water, normal water is electrolyzed. In this process,
normal hydrogen is isolated more easily than heavy hydrogen. As the time

goes by in hydrolysis, concentration of D,O builds up.
@) G soued) Je Al ¢ dgleadl oda 8 U 5eS ala) elal) Jila ay ¢ JE el e Jgand) dal g
D20 38 5 o) s ¢ ) Jlaill 8 sl )5 50 o S Crm s 2gl) (e ST Al sy

Explain / Isotopes have similar chemical properties.
dgliie AilesS ailiad L yiUail)
Answer / The reason is isotopes have same number of electrons and protons,

and number of electrons is determines chemical properties of an atom.
3 A ALasl atliad) dasy il g 5iSIYT dae 5 ¢ g gl g il g IV dae i Ll yildadl) o) s )

Explain / Nuclear properties of isotopes are different.
A A ) il s

Answer / Different nuclear properties of isotopes due different between the
mass numbers of an atom because different of number of neutrons determines

nuclear properties of an atom
i Al @lig gl dae CDEAT G 3 A AU dlac ) CaBialy calias jiall ddlisal) 45 gll (al sal)
5 A 5 sill ailasl)
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Exercise 5 -1
Study the symbols of elements below. Then answer the questions.
P fiNa
1- What does the number on lower left corner of an element symbol show?

2- What does the number on upper left corner of an element symbol show?
3- Find out number of neutrons (n°) of each element above.

Isotopic abundance: Is the ratio of abundances of isotopes of an element in
nature dagdall 8 peaic yiUAIS 5 A o cAg ylaill 5l

This ratio can be different for every element. We find atomic mass from
average of masses of all isotopes of an element. Atomic mass is obtained by
multiplication of mass number of each isotope with isotopic abundance and

sum of these multiplications. It is measured with atomic mass unit (amu).

énd)mﬂ‘éu)@c)\iuc\m&shﬁw@)ﬂ\&ﬁ‘ .A;).\)m.x; JSSM\OJAK_leuiuSAJ

A AL Bas gy iy i Limall 038 & gana g Ay yalail) 5585l e ydai JSIALKH e (o jumy 4y 301 A1)
.(amu)

According to this, 1 (amu) = 1.66 x 1072

Explain / Carbon isotope *2C was chosen as a reference for most applications.
(il olanal o oS 120 (o KU i RN

Answer / The reason is that its mass of 12 units was measured very precisely

with mass spectrometers and by many other instruments.
AV Gl Y (e anl) Ao 5 5 ALY Calpdae aladiinly 3,0 480 Leuld 25 5as 5 2 Aadld) 4388 ()] g )

High molecular weight
ions are deflected too

little and hit the wall
lon detector

Negatively

5 Low molecular weight
Radical %X ions are def!ected too
cation M™* much and hit the wall
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Atomic mass of an element can be calculated from isotopic abundances as in
the following equation: Al Alslaall & LS 4y 5ol 5 53 50 (ha Lo jemial 4y )30 ALSH il (S

[(mass of 15¢ isotope) (% abundance)] + [(mass of 2™® isotope) (%abundance)] + [..]
100

Atomic mass =
of an element

Example 5 -1

3CI makes up 75.53% of all Chlorine in nature. 3’Cl makes up 24.47% of it.
According to this, calculate atomic mass of chlorine.

Solution:

As chlorine has only two isotopes, the equation is written as follows:

[(mass of 15t isotope) (% abundance)] + [(mass of 2nd isotope) (Yoabundance)]
100

Atomic mass =

of chlorine

_ [(34.9689 x 75.53) | + [(36.9659 X 24.47)]

Atomic mass of chlorine = 00 = 35.4576 amu

Exercise 5 -2

Calculate mass of Boron (B) atom which has 81.2% of !B and 18.8% of 1°B
Isotopes in nature.

Isotopes have several applications: s clindisae il

¢ In medicine to diagnose and treat many illnesses.
o 3aY1 (e paall #3le 5 panaiil bl b

Scientists were able to estimate ages of rocks, meteors and fossils by using
uranium iSOtopes s s sl yias aladsiuly by jaall s el il 5 saall jlac] a8 e slalal) (S

Radioactive isotopes are also used in industry.
deliall 8 Wa)l dadial) yildail) aodin

Besides, by using radioactive isotopes, leak points in tanks and pipes of

dangerous liquids and gases, and also water leakages underground can be

detected without a digging process.
Gl )5 51 saadl il 5 i) A 8 el ki e S Sy ¢ Andiall il alasiily ¢ @l uils )
Lt dalee YA o0 (o) cha sluall o i IS ¢ 3 yladll
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e [In agriculture, radioactive isotopes are used as fertilizers and to increase
soil productivity. Al dpalis) 3aly 3 5 ManS Aol jildaill axaiusi ¢ de) )3l 8

5—-4-VOLUME AND MASS OF NUCLEUS

Although atom is extremely small, it is possible to measure its volume very
precisely. Bl Ay Lpana il Oaal) el V) ¢ AL 8 a5, O e e 1 o
Nucleus is accepted as center of gravity of an atom and energy source.
AL e g3 A J& K eS8l il Juih
Cloud around nucleus is made up of orbitals in which electrons turn around.
(g IV L 5 e (e 8 sl Jga dilanidll ) oS

Electrons are too far away from nucleus relatively but due to law of attraction,
nucleus and electrons make up atom as a single body.
Aa g anea€ 3 Al g IV 9 816l JSE8 ¢ dall s ST o 31 5il) e 1 Basey U 5 STy

Mass of atom, charge, symbol and its components

Particle Symbol Type of charge Mass (g)
Electron ; -1 9.11x 107
Proton +1 1.672 x 10
Neutron neutral 1.674x 10

5-5—-NUCLEAR STABILITY

Isotopes are of two types: C ole i ilad)
1. Isotopes are stable and are not radioactive. e Canl 9 5 _ina yilail)
2. Isotopes are unstable and are radioactive. Aalia g b eyt il

There are 280 isotopes in nature. 50 of those are radioactive. Scientists have

produced many isotopes up to 500 artificially.
bias JS5 500 i U e sl elalall il dadie £ 38 (e 50 Axphl) 8 i 280 <llia

Reasons of instability of some radioactive isotopes depend on the ratio

between numbers of neutrons and protons (n°/p+). This ratio is 1/1 for stable

nuclei. But if this ratio is greater than 1, nuclei become unstable.

2 (N°/p+). Clisis s Gl sl e G Al o dadid) Uil oy ) jEiul ade Ol addad
B e e g5l sl e 1 (e ST Al oda IS 1Y) (ST 3 il 3153l /] & Al
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Neutron

Radioactivity: Its the phenomenon emissioon

Nucleus . iy
Proton X g some rays from unstable nuclei to reach stability.
¥ ¥ Btlue e (558 (e dad) any el 5l g eledY) Lliil)
DAY ) dsa sl
As atomic numbers increase, ratio of neutrons to

protons becomes greater than 1
1 oo ST lgig sl (el g 5 sl A ruad ¢« 4,00 2lae Y1504 ) e

_Electron

Structure of the atom

Rays emit because of the relationship between
Flesrigal cepilsion forors nuclear attraction force and static electrical

repulsion force of protons.
A s SU LAl 5 58 5 g sil) ) 568 (o A8l Capesy A2V i
G 55yl ASSL)

Nuclear attrac-
tion forces

Nuclear attraction force affects protons and
neutrons equally and it is accepted as the greatest

attraction force in nature.
el sman o i el g Sligig pll e Ay gil) i 358 i
Aaplall 8 a5 alae] Ll e Al s
As atomic number increases, also number of protons in nucleus increases,
static repulsion force between protons also builds up. To overcome nuclear

attraction force, more neutrons are needed.

Galaill g3 g 5all (n ASLAl 3Ll 3 58 AS) 5 LaS ¢ 3l gill 8 g g sl dae el 3l 3 ¢ 53 dasll B3 ) as
s el (e 2 sall (N dals cllia ¢4yl Qaall a8 e

5-6—-NUCLEAR BINDING ENERGY
Nucleus of helium atom consists of 2 protons and 2 neutrons:

Mass of proton p*: (1.00728 amu)

Mass of neutron n% (1.00866 amu)

Therefore, mass of nucleus of helium atom can be calculated as follows:
Mass of 2 protons= (1.00728 x 2 = 2.01456 amu)

Mass of 2 neutrons= (1.00866 x 2 = 2.01732 amu)

Total mass of protons and neutrons = 2.01732 + 2.01456 = 4.03188 amu

ALoham, ﬂ%ﬁzﬁaﬁ
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Mass of nucleus of helium: 4.03188 amu

2n + 2p—He

Y When we compare real mass (4.00151 amu)
E 1 of helium with total of masses of particles in
its nucleus, a mass difference of (0.03037

amu) can be observed.

If a mass spectrometer is used, it can be

observed that this difference (lost mass) is
’, : transformed into energy according to
measured ; ] )

Einstein’s equation (E = mc?).

GAY) 1 of daadle (e ¢ ALY Cilae aladiind o3 13)
and measured masses of (E = MC?)onbidil Alslaal 5 38a 1) J pac (52 il A1)
nucleus of helium atom

The difference between real

Einstein’s Equation: E = mC?

E = Energy

m = mass

C = speed of light (3 x 108 m/s)

Nuclear binding energy: Is the energy which enables to overcome repulsion
of positive protons and also keeps protons and neutrons inside tiny nucleus.

Gl g gl e Jadlas cllaS g Al il gig all jaln e aladl \UAUSMGJ\@LH\GA ;Lﬂ;”ﬂ\L\_ﬁJ‘z}\I\éUa
In order to calculate transformation of mass into energy, we will follow the

steps shown in the following example:
1 Al QU 8 dam gall il ghadll i ¢ 48U ) ABSY )y sad sl

Example 5 -2

If mass difference of nucleus of Helium is accepted as 0.03037 amu, calculate
nuclear binding energy of Helium nucleus.

Solution:

We convert mass from amu to kg.

m = 0.03087 amu x 2 X208 = 0 050414 x 107 kg

amu
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To calculate binding energy, we use Einstein’s equation.

E =mC2=0.050414 x 10" kg x ( 3 x 108 m/s)? = 0.454 x 1011 kg . m?/s?
As 1 joule (J), kg.m?/s?, it is found that E = 0.454 x 1071 J.

Exercise 5 -3

Calculate nuclear binding energy of nucleus of lead element with 82 protons
and 125 neutrons. As mass of proton is 1.00728 amu and mass of neutron is
1.00866 amu, mass of lead nucleus is 207.2 amu.

5—-7—-RADIOACTIVITY

Radioactivity unit was accepted as Curie to honor studies of Madame Curie.
(5S phae il 53 Sl (g S auly ety Bliall s 5 J 5 o

Radioactivity: Is decay some unstable radioactive nuclei spontaneously and
form new and stable isotopes, during this process, high energy nuclear rays

are emitted and as a result, nuclei of elements become more stable.
dalanl) 028 JUA 5 ¢ B jEiuia g Buaa HiUa) JCI 5 WA S jatal) jue Axdiall (5 ) amy JaS ga ;e la by Ll
Il ST pealiall (s 55 ot Al At o A8l Ale 4y 5 5 Al Cams

Radioactive Nucleus: Unstable nuclei, they release radioactive rays.
Aadia dail (gl e e (568 rAmiall 3 gl

Energy

Radiation

Radioactive

Atom
Q

Particle
Radioactivity

The nucleus of a radioactive atom
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Nucleus of Uranium isotope can be given of as an unstable (radioactive) atom.

This nucleus undergoes decay. Rate of decay of nucleus depends on

components of nucleus and its energy level.

Plasal Jare Slaaad (2558 gill 028 (Aadia) 3 e ye 330 JSG e o gl j all plais) g eldac ) (S
Ll (5 sie 5 315l U S e aaing 315

According to studies, there are 3 kinds of radiation. Ability of penetration of

these radiation types are different. These 3 radiations were named after the

first 3 letters of Greek alphabet (Alpha o, Beta B, Gamma v).
Clele sy 038 dpans i g ladY) (e gl 53V o2 (3 il 3,08 Cliad g ledY) (o g 5l 3 @l ¢ il Hall s
(Gamma y s Beta p s Alpha o) 45U sd) Laas¥) e (¥ AN Cajal) and e 4330

Paper Skin and Lead

body tissues
(—ﬁ Alpha rays
A\ .

/\
Gamma rays \/

Types of radiation and their characteristics
1 — Alpha Particles (o)

Alpha Particles: are positive-charged particles and has the largest mass among

radiation types. As an alpha particle is made up of 2 protons and 2 neutrons,

it represents a helium nucleus.

G52 e OsSh Wl aaa OF 150a0 2 L) )5l G A ST el 5 inl) s 50 Cilapusn o 1l Clapusn
el Bl Jiagadd ¢ (55582
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Alpha Particles properties:

1) Alpha particles have a great effect on matter. Because these particles cause
electrons to be freed when they hit substances, they cause them to be
ionized.

¢ 3 sally Lalabaal wie il g SSIYI y ad A Canti Cilagead) 38 (Y Bald) e e 5l L Wl Clapan

APERL PP FURTIEJPE

2) Effect of these particles on matter is very short as alpha particles combine
with 2 electrons which have been freed. This occurs through ionization of
matter. Alpha particles are transformed into Helium atom according to the
following equation.

DA (e 138 hany Ly o o (i g ) pea L) Clagen 285 G Taa el Balall e Cllaguad) o3 il

A Alaall B o gl 5,0 ) W Cilasen Jsai salal) s

3He (0) + 2e- — 3He
Alpha particles Helium gas
Disintegration of uranium isotope %35U due to radioactivity:
Uranium changes into Thorium isotope 235Th and releases alpha particles.

U+ BPTh > fHe (o)
Uranium  Thorium Alpha particles

Emission of alpha particles from

radioactive nucleus of uranium isotopes
a5l sall iUl dadiall B sl (e Ll Clapun Cilasl
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2 — Beta particles (p)

They are equivalent to electrons. they penetrate more into matter. Because
volumes of alpha particles are bigger than volume of electrons. Therefore,
electrons can reach more electron orbitals of atoms. 3 particles are shown with
_%e symbol.
OS¢ I il g I aaa e ST L Cilapn plaal Y 3ol A ST () slalaty il g ST Alalas L)
e 3e Slapuall jelai A5 IV AN Gl laa (o 33 3all () J e sl 2 €I
Beta radiation can be stopped with a piece of wood. The following equation
shows emission of beta particles from neutron to produce a proton.
055500 7Y 058 sl e Uiy Cllapusn Sladl 40N Alalall eaia 5 i) (e Aadalhy Uiy L] il (S

on— 1p+ e

For example, carbon isotope 'ZC decays and changes into nitrogen isotope

12N . Notice that atomic number goes up by 1 whereas mass number remains

unchanged.

Dy & (g W aaal) O JaaW MIN Cpag yi plad ) Jeatyy 120 0o S0 s Jlaty ¢ JUl) Jas e
o LS HSH aaall iy Laiy |

*While along with emission of beta particle, 1 neutron changes into 1 proton,

also 1 electron and 1 anti-electron (neutrino) are released.

dme aal gy anl5 058l 3Ol Ul g ¢ anlg 05850 () anls 05 i Jsad ¢ Uy aps Slai) g

(s2iss) o5 RS
-

e

\

Emission of beta particles through disintegration
of carbon isotopes *2C
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3 — Gamma Rays (y)

Gamma rays are made up of neutral electromagnetic waves and they have a
speed close to speed of light.
o geall de (e A B Ao s el Balae Lpulalina 5 5eS il g (e Lala Al () S35

They are also accepted as the most dangerous type of radiation. Path of these
rays can only be slowed down by concrete barrier.
e yd ala Al 5 V) Al oda jlie slhay) (S Y g lad¥) g1l jhadl agil Lo Wl agd 5 oty

The following equation shows disintegration of uranium isotope %35U as a
result of alpha and gamma radiation and formation of Thorium isotope.
sl a0 oS3y Lala 5 Wil gl A 238U o gl sal) i SASE AN Alalaall eaia 53

#38U — *3§Th + fHe (o) + gy

. Positive plate
Lead barier

Beta
) particles

Gamma

(0) ;
particles

|| (+2) Alpha
particles

Radioactive

source
magnet

Negative plate

Effect of magnetic and electric fields on radioactive particles released from a
radioactive source

Properties of radioactive types

Alpha Helyum 10% of speed | Positive | It deviates by | paper.clothing
(o) nucleus of light (+2) approaching
(§He ) negative plate

Hi%h speed 90% of speed | Negative | It deviates by | Wood or Aluminum
(1€) of light (-1) approaching barrier
Positive plate

High energy | Speed of Concrete
electromag- | light () Not effected or 10 em lead

netic wave barriers don’t stop
them but only
reduces their effects.
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NUCLEAR CHEMISTRY

Properties of Radioactive Elements

1- All compounds of radioactive elements are also radioactive.
Uyl daie dniall jualiall LS ja aren

2- A radioactive element is radioactive in all states (solid, liquid, gas).

3- Nucleus of a radioactive element doesn’t emit alpha and beta particles at
the same time. It can emit either alpha or beta emission only. But it can
companied emit gamma radiation.

S S5 L Ly gF L ) L) e (f (S ) (i Ly Wl s 50 Y il emial 51 58

Lle ¢ lad) Lpaliay 0

4- Radioactivity of a sample isn’t affected from outside factors as pressure

and temperature.
5 all a3 g Jaall (Jha dm A1) (el sal) (e Risall e lazy) WLl iy

5- Emission of alpha or beta particles from nucleus of a radioactive element
changes it into another element’s nucleus.
Al i 315 ) W s adie jeaic 85 e Ll sl Gl Elal

5—-8—INTENSITY OF RADIATION

Intensity of radiation: It number of decays in 1 second.
Baa) g Al 8 Plaazall sxe (g lady) 32l
According to this, when it is said that intensity of cobalt source is 50 thousand

Becquerel, it means at every second, 50 thousand nuclei decay at this source

with Becquerel unit.
o 31 5 ol 50 o ¢ Ali IS (A imy 1368 ¢ Jy S all 50 alis clly sSU1 jaima 48UES () JU Lesie ¢ 13g] i
Jo Susas o Haadll \L\m‘;é

Becquerel unit: Is one decays at 1 second. saal 5 Al A sas) y Jlati 1y S Bas

Curie unit (Ci) is equal to 37 million Becquerel.
S8 O sale 37 o5kt (Cil) oS Bas g
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5-9-HALF-LIFE TIME

Half-life time: Its symbol is (t12). It is the time necessary for decay of half of

radioactive material.
Al 3 gal) Coa JOUaTY o DU 8 gl 43) (Hr70). 98 W ey : eall Caials yib

Isotopes of different elements have a constant, known half- life for each.
Leta ST g yre il jae Chuai L Aalial) jualiall jildas

Most radioactive isotopes decay in a few steps (successive radiolysis chain).
In the end, radioactive material becomes stable. These are called as
radioisotope elements while real isotopes before decay are called as main

elements.
daiiall 3alall Zeual i3 I\_JL@_'J\ uﬁ (uw\ q_cu;y\ sl ablib ) ‘d.da g;a\jla'; uﬁ daiall ).‘:LL.'J\ e o At
w 21 ) pealiaS Dlaaay) J.\‘.’M\.\S.\SAJ ) JSLL';.'J\ Mww Al ).’\LE.'\JL; HLM\ Y sandd B JERINN

9595 .. i
: ." 2 | Original amount of radioactive element
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. After 1* half life
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Half-life features

1. Half lives of isotopes depend on atoms properties which they are made
up of. Lot 0S8 Al @l HA pailiad e U jae Coal adiad
. Each radioactive nucleus has a characteristic half-life, this is a natural

constant value. Therefore, half-lives of isotopes don’t change by time.
) 5 e U jee Coiai ol ;8 iYW ¢ GIN Amda A5 A8 00 5 ¢ ren pee Ciiailddada sl 5 S

3. Stable nuclei decay slowly. Therefore, they have a longer half-life. But

less stable nuclei decay rapidly.
Ao a3 15l JEY) 6 i) oS3 J gkl jee ol agual ¢ SN day Jlaii s il (5 53l
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Half-life applications

1. Radioactive elements with short half-lives are used in nuclear medicine in
treatment of some illnesses especially against cancer tumors.
A Al g (al jaY) G e g sl alall 85 juaill jesll Cioal <l 6 1) Ardiall ualiall a2aiius
Mol al
2. Hal-life times are also used to estimate ages of trees and fossils.
lyiall s sV Hleef ol Wl yeall Coiai ild 5f aasud

COSMIC 1ays

Half-life calculation

The half-life is calculated using the following \
relationship:

neutron

neutron
capmre

= No nitrogen -14 carbon 14
=— :

2(t1/2
Animals and humans
Nt : The remaining amount of radioactive material Eitphres b I

nters their bodies

No : The original amount of radioactive material

t : Dissolution time
Q Aﬁs death of Animals and

Aumatcarbon-14 loss
o ‘;Tolyﬁs'
carbon -14 nitrogen
Cycle of Carbon-14 isotopes
in living organism
Example 5 -3

Carbon isotope ;5C with a half-life of (t12) 5730 years decays by emitting beta

particles. For an isotope sample with a mass of 2 x 102 g, make the following

calculations:

A et Aal Apilly Uy g Silail (83 5h (e Ak (t12) 5730 dy il jems (§C Sl Ll Jlay
A llall ol ali o8 ¢ pa 2 x 107 il

1 -Find out the time passed in three half-lives e cilail &35 & il ¢ )l Caii)

2- How many grams remain from the isotope at the end of third half-life?
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Solution:

This kind of questions are solved by the following formula:

Ng

t
5 (m)

t=

(No) is original amount of matter. (N;) is amount of remaining radioactive
material after (t) time and (t1,) has passed.

1. In order to calculate three half-lives, half-life time is multiplied with

number of half-times:
e V) Giliail aaey janll Caiais 3 (o ol ¢ yee Ciliail 233 Qlus Jal e

Half-life time = 3 x 5730 years = 17190 years

2. In order to calculate amount of remaining isotope after third half-life has

passed, the following formula is used:
Al Axgpall aladial 4l ¢ el e CallEl) Cauaill g e den dgiiial) el S Cla Jal e

Ng _ 2x1072%g
) = 2(17190/5730)

N, = =0.25x102g

t
2By
Exercise 5 -4

1) Manganese isotope **Mn decay in 2.6 hours by emitting beta rays. How
much of 1 g of Manganese-56 sample remains after 10.4 hours passed?

2) Half-life of Phosphorus 32P isotope is 14.3 days. How many grams of 4 g
of 3P isotope remain after 57.2 days has passed?

5—-10-NUCLEAR REACTIONS

Nuclear reactions: Changes which occur in nucleus and cause it change into
another nucleus. AT 815 () L st (8 cannitig 3153 (8 aaat 1 il g ) Sl

Nuclear reactions can be expressed as in the following equation:
A Alaleall 3 LS Ay 5 i) bl il (e pantl (S

235U — %36Th + 3He
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In nuclear reactions, arithmetical sum of atomic numbers and mass numbers

must be equal on both sides.
Ol DS 8 glusia ALK dlae i 5 45 )30 2ae D lall & sanall 5 O g ¢ 455l ol i)

Neutron n
Proton 1H (P
Electron e
Alpha 3He
Beta _9B (&)
Gamma %

Example 5 -4

In the following nuclear equation, find out atomic number and mass number
of X element. 212po — IHe + X

Solution:

Mass number of Polonium isotope is 212 and its atomic number is 84. When
alpha particles are released, X element is formed as in the equation.

Mass number of element X =212 - 4 = 208
Atomic number of element X =84 -2 =82
Theresult  212Po — 3He + 238X
Exercise 5 -5

1. In the following nuclear equations,find the name of particle added to
22N q isotope: 22Na + x — 32Ne
. Find out atomic number and mass number of element X in the following
nuclear equation:  %33Es + 3He — in + X
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5-11-TYPES OF NUCLEAR REACTIONS

We can divide nuclear reactions into 4 parts:

1- Radioactive spontaneous disintegration el Skl i)
2- Non-spontaneous nuclear reaction LB e 55 Jelis
3- Nuclear Fission 555l Uaday)
4- Nuclear Fusion 5530 zlaxiy)
5-—11 -1 — Radioactive Spontaneous Disintegration

Radioactive Spontaneous Disintegration: Is nuclei of heavy unstable elements
are transformed into lighter and more stable nuclei spontaneously, alpha, beta
and gamma particles are released through radiation.

AP B [ BN PR EU PR ([ PO - \)gém'..":~\)mud\wsoiﬁ;tuxf\%;wusm ail)
Y O e Lala 5 Ui g Wl Cilapus (53U

For example, transformation of Uranium isotope into Thorium isotope
spontaneously and alpha radiation.
all Ll 5 GOl o 53 ) 1)l ) sl ) sall dad Ja gt ¢ QU Joas e

5-11 -2 — Non-spontaneous Nuclear Reaction

Non-spontaneous Nuclear Reaction: It occurs through bombardment of

nucleus by particles or light nuclei.
A gl (5 i) sl Claguad) da) 50 8) 5l Caall JUA (e Coaay : JEH e (555 Jeliil)

1) proton emission, nucleus is bombarded with neutron, as in the following
equation: A0 Aalaall (3 LS ¢ 5 3 gilly 31 gl ol ¢ (55 pall Sl

35 1 35 1
17Cl+on — 135S+ 1H

Nucleus is bombarded with alpha particles, as in the following equation:
A Aol 8 LS ¢ Ll iy s 31 g3 Caual

4 14 18
‘He + 14N — 18F

18 17 1
oF — "g0 +1H
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SHe N F ‘H
Alpha Nitrogen Unstable “  Proton

particle nucleus fluorine /
% + & & .
50

i T Oxygen

y

5—-11-3-NUCLEAR FISSION

Nuclear fission: Is division of a heavy nucleus into two average massed nuclei,
formation of new elements and producing a great amount of heat and

radiation.
O BunS S Z )5 Bana jealie JiS5 5 ¢ ABSN o gl (4l 55 () ALES 31 5 alaliil s rg 55l Uada¥)
A PR RPN

If left uncontrolled, nuclear fission can lead up to great explosions just as in

an atomic bomb explosion.
A AL a8 Jlal) e LSs S il jladil ) s of S c AlE ) 50 sl ada¥) & 5 13)

The photograph above pictures the great energy after explosion of an atomic
bomb. Al ALY lad) e daidaed) A8 ) gl oMef 5 ) gaall
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0 Krypton
92

.

Slow
neutron

o --Ho 3 \ ENERGY d3!n

1 neutron
on

235
92 U 236

U
Uranium-235 2
Fissionable nucleus Unstable

nucleus
Barium

Fission of uranium 233U nucleus

One of nuclear fission applications is made in nuclear reactors by controlling

amount of released energy during fission to produce electric energy.
£l Limpial) A8l S 8 WSail) 35k g dys sl cleliall b sl jUadsV) ik aal ol jal a5
Al S A8 Ly Uaday)

A nuclear power plant which produces electric energy
5—11 -4 — Nuclear Fusion

Nuclear fusion: Is formation of heavier nuclei from combination of lighter
nuclei, a great amount of energy is released.
Al (ge 8 58 ApaS (33Ul oy g ¢ Bl (5 55 (ge g e 0o ST (555 0 5SE 8 (555 zLani!

Fusion of hydrogen isotopes:

iT + 2D — 3He + {n + Energy
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OO

Deuterlm\‘ Fusion / Hellum

Energy

C

Neutron

Nuclear fusion and formation of nucleus of Helium 3He atom

In order to accomplish nuclear fusion, a great amount of energy is needed.
When this fusion occurs, an immense amount of energy in form of heat and

radiation is released as in the sun.
LaeS () Ay ¢ rlaxiV) 138 Cany Lavie ALk (e € 3 ) dala @lla g5l pleasV) 5adas Jal o
ol 3 Ul g LS g ladl 55 ) ja JSE e d8Ual) (e Al

Energy released from fusion is much greater than energy released from
nuclear fission. 55 iV (e Dimsiall AU (e i 51 2 Laxi¥) (g Liall AL

Hydrogen bomb is an example of nuclear fusion.
S zlan¥) e JUa oo daia 5 juel) Alual)

5—-12 - MEASUREMENT OF RADIATION

There are a few methods used to detect activity of radioactive materials.
Aadial) 3 gl Jald CalEnSY dandtuad) 3kl (e Jul8 dae llia

5-12 -1 — Geiger Counter

Geiger Counter: This counter is used to detect radiation activity of radioactive

materials in different fields.
V) Cilide b Al o) gall eledy) Llisl) e CadS alasll 138 adiing : jas dlac
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Operation principle of this instrument, depends on ionization of Argon gas in
the instrument by high energy rays. lonization of Argon gas is transformed
into electric pulses. These cause a digital counter work or produce audible
clicks. This sound points radiation activity from a radioactive substance.
Osa oY) e ols Jsaty Al Alle Aadl Aot 50 Sleadl 8 (sa Y1 e cnls e 310V sda (s Tase adiag
ol Bl ) el 138y Ao sanse <l 20 ol el alae dee ) Glld oo Al S clias )
Axdia 3l (e

i R lonizing radiation
Tonized gas atom

A) Geiger counter B) part of Geiger counter
5-12 -2 - Film Badge

Film Badge: Is a plastic plate covered with silver bromide (AgBr). This plate

Is sensitive to amount of rays which pass through it. Amount of rays is

determined from the extent of exposure of the film.

i ) Al Lpesd Al da W o328 (AQBY). dadll a5 haie Siudl 75l e 3 ke salidll 3 L
All) e 53e (e AadY) lae daad iy s ye

These special film badges are specially protected. They are installed on
clothes of staff who work at places with radiation activity.

Jalaall ol o Slay) & stery ) Céha sall adle o L | Gl JS50 A Aaldl) ALl ) LS 53

Personnel who works at a place with radiation
activity is attracting a film badge on his clothes.

e ol 5l e lad) Jalii 4y (lSa 3 () sleny (Al () 5k sall s
ASle
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5—- 13- RADIATION DOSE

Radiation dose: It is the amount of radiation absorbed by unit mass of an
object in energy units. A8l il gy ) AL Ban 5 duaiad A g ladY) i g ladYl de ya

This amount is measured with Gray (Gy) unit.

1 Gy =1J/kg

This amount is measured with (Rad) unit according to another system.
1 Gy = 100 Rad

5—14 - IONIZING RADIATION

lonizing radiation: Is once type of energy and they have an ability of ionizing

substances they pass through.
LeDa e et Al Ay pall o sall 508 Al g 48N e g 55 8 s sall g laiY)

People can’t feel so they don’t try to keep away from them. lonizing rays

penetrate body and transfer their energy to it. With respect to dose which body

has absorbed, their harm can continue from a few hours to tens of years.

Glahy Lah 4] Ll Jai 5 anaa) Q) 2aY) (3 5585 agie SaiiV) (o) slag DU Al gl ) ki
el e ) el s (o W i e O (S ¢ nsal gy Al e ally

5 — 15 - EFFECTS OF IONIZING RADIATION ON
MOLECULES IN LIVING BEINGS

1. Physical Risks: They cause leukemia, bone marrow cancer, thyroid, bone

cancers and malign tumors.
Aal) o) )5V 5 allandl Uy 5 48 5l 3aadl 5 alaall £1a5 (la g aall Gl yus G Aol Hhalal)

2. Genetic Risks: lonizing radiations weakens ability of fertilization and

cause infertility along with some genetic deformations.
Aouad) Gy gl (amy Qi ) eé,J\ g CladV) e 3538l 44 gall Cile LadlY) Caraad ;4401 ) ol Hlalall)
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5—-16 - RADIOACTIVE DECOMPOSITION OF WATER

Water is accepted as main source of life. From radioactive decomposition of
water, negative and positive ions are formed. lons decompose to high energy
ions and free radicals. As a result, these ions and free radicals cause great
changes in organic components of cells and in sensitive parts (chromosomes)

by combining with them.

Sl o) Jlati das gall g Aallad) b oY) S plall elad¥) il e slall ) jacaeS el i

iy gmall il Sl 85 50 ol s yall  gdall s il 581 038 st ¢ Gl Al 5 ja ) g g B Alle il o
" Lo Laxi¥1 A (e (e gus g 5_SH) Ausdianl o) 3281 5 LA

5—-17-WAYS OF PROTECTING FROM RADIATION

There are three main methods of protecting from ionizing radiation people can
face: Dol Leeand s O S cnsall g Lad ) (e Aleall Aty (3ol U llia

1. Time: Harmful effects of radiation increases by time which a person is

exposed to radiation.
EMMM "\cgéuzf_'ggﬂ\ sl J}ﬂ&u?\j'&)u\ DUY) ala 35 e gl

2. Distance: Amount of radiation a person is exposed decreases as distance
between a person and radiation source increases.
FldY) Jaadg e | Q:\gﬁw\satﬁj@(,am :'\L@Ju'a)::\:}gﬂ\ thﬁ‘;{\@&dﬁs L EINA|

3. Protective Shield: Effect of radiation decreases as thickness of protective
shield around radiation source increases. Thickness of shield depends on

type and energy of radiation.
Albs o e i g ol dlaw gLl s e Al g Al e saly ) ae plad¥) 58l iy 815l g Al
gl

o%akmmﬂdm}uk@




