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B 2 20IY Ll

1- A person is sick from the COVID-19 virus. What kind of immunity does this person gain
due to the infection and then retain after recovery?

932 bl Gy il 130 lguuisy GJ1 deliall ggi Lo 19-COVID Gug ity wlao yasub -|
Seladill as) g baisug

A. Active immunity, innate immunity dy 8 delio (dbuii dclio |
B. Active immunity, acquired immunity duiSo delio (dbuil delio .o
C. Passive immunity, innate immunity b9 delio dudi delio .2
D. Passive immunity, acquired immunity duwiSo delio dudw delio >

2- The Figure below shows the biceps brachii, which is a muscle that Flexes the lower arm.

The arrows indicate the tension Force acting on the lower arm bone.

698 ] pgull yuis Ackull &5 Je Josi dlac Log divasll gl @l duasll obisl JSill puses
Aclull plae ¢ 8)38001 il

Consider the following statements:
Biceps brachii

l. Biceps brachii can be voluntarily controlled.

Il. The muscle cell of the biceps brachii must have Biachioradialis

a striated appearance with multiple nuclei.

lIl. The neurotransmitter released by the motor
neurons involved in contraction of biceps brachii

is glutamate.

(Modified from Betts et al., 2022)
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Which statement(s) (I-11l) is/are correct?

Sdoyzuo (I-11) ©l)lell @
A.lonly
B.ll only

C.land Il

D.land Il

3- The diagram shows blood circulation in a Fish. (1: gill circulation, 2: gill capillaries, 3:

body capillaries, 4: systemic circulation)

g0 Olpmil]V dyoginll digo )] 8)931 1) JlowSl § digo) 8)g )1 Gl @ul pusgy -t
(dizj Lg=dl dago 1 6yg 31 € Ldiysumm] dagorll Olypmid] P dyoguinl]
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(Modified from Betts et al., 2022)

Which of the Following statements are correct?

S doyzuo A ohlell go

l. P is a ventricle of the heart. odadl O luday .X.‘>T9.cl> P
IIl. Blood in Q is oxygenated. .@mS@oQggp.\Jl
[ll.Ris a vein. ygge R
IV.Blood pressure in S is higher thaninR. R § dio ULcT S eVl has

A.landll

B.land IV

C.lland lll

D.lll and IV
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eudicots, as well as some monocots, the stele is a

vascular cylinder appearing in cross section as a lobed
g core of xylem with phloem between the lobes.
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(a) Root with xylem and phloem in the center (typical
of eudicots). In the roots of typical gymnosperms and
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(b) Root with parenchyma in the center (typical of

monocots). The stele of many monocot roots
is a vascular cylinder with a core of parenchyma
surrounded by a ring of xylem and a ring of phloem.
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The shoot tip. Leaf primordia arise from the flanks of the
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the shoot tip of Coleus (LM).
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primary and secondary growth of a woody stem.
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© Inyear2 of segondar)’ growth, © As the stem’s diameter
the \-ascularjcamblum ptoduc‘e‘s increases, the outermost tissues
more ry xylem and p exterior to the cork cambium
Most of the thickening is from

secondary xylem. Meanwhile, the
cork cambium produces more cork.
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rupture and are sloughed off
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@ In many cases, the cork cambium
re-forms deeper in the cortex. When
none of the cortex is left, the
cambium develops from phl
parenchyma cells

Ol p gl JE ¢ VN a SIS 3
Gl Y Lt gl S el 2
LAl e p gl 5k 5, e
elalll e

. LS\).LQJI Pwlﬂlg L_;chJl rog,_wol.i“ lg=aio 6\” d>«.uu‘3| 0o L'59_\l;J| godl (9Sug .@bggl L%

© Primary growth from the activity of the

apical meristem is nearing completion. The

vascular cambium has just formed.
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© Although primary growth continues in
the apical bud, only secondary growth
occurs in this region. The stem thickens as
the vascular cambium forms secondary
xylem to the inside and secondary phloem
to the outside.
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©Some stem cells of the vascular
cambium give rise to vascular rays.
o e p oSl 5 L3l LA w5255
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© As the vascular cambium’s diameter
increases, the secondary phloem and other
tissues external to the cambium can’t keep
pace because their cells no longer divide. As
a result, these tissues, including the
epidermis, will eventually rupture. A second
lateral meristem, the cork cambium,
develops from parenchyma cells in the
cortex. The cork cambium produces cork
cells, which replace the epidermis..
LIS Y ¢ pgpal€ll 3380 I o) L3l ae
sl da ol 5 Y Ay i elallt
callddam aan g A LA oY Sl AS .
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© Each cork cambium and the
tissues it produces form a layer of
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© Bark consists of all tissues
exterior to the vascular cambium.
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(a) A schematic diagram of the ABC hypothesis. Three classes of organ identity
genes are responsible for the spatial pattern of floral parts. These genes, designated

A, B, and C, regulate expression of I "
other genes responsible for Carpels develop

development of sepals, petals, where only C genes ———————>
Sveiopmen P npEes are expressed. ’ Carpel

Petals

Stamens

stamens, and carpels.
Stamens develop Petal

where both B8 and C
genes are expressed. A
-4
Petals develop Stamen
where both A and B Sepal
Cra i genes are expressed. epal
where only A genes —_’___/—-’_'
are expressed.
: e pall taudii aa s
Stamen Carpel A ol lanli aa s i BJ:‘-‘u‘hf'-""'C")_’h € SR & )‘sh
Petal (Bl 5 1 S o) (8 5 =Sl ) - - )
Sepal \‘ L
Wild type Mutant with A gene suppressed Mutant with B gene suppressed Mutant with C gene suppressed
GLAY| & ;-I-“ (only carpels and stamens) (only sepals and carpels) (only sepals and petals)
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Sugars are produced by
photosynthesis in the leaves.
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s ﬁ Light
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through the stomata of leaves and green stems. s
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o) pemal) il s 35591 )98 J38 00 02 G3Bls 3
Transpiration, the loss
of water from leaves

(mostly through stomata),
creates a force within leaves
that pulls xylem sap upward.
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In photosynthesis, CO, is taken up and O, released | +
—

H,0

din ) sdally el ) oo coablasyl
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Angas o Sl alaas)
Phloem sap can flow both ways
between shoots and roots. It
moves from sites of sugar
production (usually leaves) or
storage (usually roots) to sites of
sugar use or storage.

Water and minerals are
transported upward from
roots to shoots as xylem sap. I O slol () golaall g bl (Jis a3
siall 5 jlae (Jio Glall I gaall

5 " al &3 - = c o e a . A o I ’ » - -
Water and minerals in H,0and —es . In cellular respiration,
the soil are absorbed minerals exchange gases with the air spaces of
by roots. soil, taking in O, and discharging CO,.
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el Environment

Environment Initial flaccid cell: Pure water:
Initial flaccid cell: 0.4 M sucrose solution: Y= 0 V=0
Vo= 0 Vo= 0 We=-0.7 We=0
We=-0.7 We=-09

¥ =-0.7 MPa ¥ =-0.9 MPa
4

Final plasmolyzed cell —__
at osmotic equilibrium

with its surroundings -
v, 0 ®]
W =-09
¥ =-0.9 MPa

cellular ¥ > i | ¥. The

m.)
) g W > A0 WA g G

dings are the same
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st @B =il The apoplast is

Ol e dlaie  the continuum

elaludl g LAl of cell walls and [~

extracellular
spaces.
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Aluls 8 Cwdbess The symplast is the

3 as]l e dlatis continuum of

sl g Aliatia 4y 420 cytosol connected
by plasmodesmata.
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‘ Cytosol

» Apoplastic route

Plasmodesma

Plasma membrane
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» Symplastic route

//.—P‘ -» ——3 - —P Transmembrane route
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Pathway along Endodermal cell

8ol elall &5,

apoplast :
Bighaud

Gk aslegh
Cadlpssa
Pathway Moves:
through upward
— symplast in vascular
A cylinder
Plasmodesmata
© Apoplastic route. Uptake L sty
of soil solution by the
hydrophilic walls of root hairs
provides access to the apoplast Casparian strip
Water and minerals can then
diffuse into the cortex along Plasma
this matrix of walls and Cawdlygy! é__‘)_b

extracellular spaces.

) Symplastic route. Minerals
and water that cross the
plasma membranes of root
hairs can enter the symplast

© Transmembrane route. As
soil solution moves along the
apoplast, some water and
minerals are transported into

membrane/_

the protoplasts of cells of the Epidermis . Endoderm Vascular ;\_-,h,].‘fy

epidermis and cortex and then Sl | ol E,Juﬁ J oylinder

move inward via the symplast < o aglegh
Cortex (stele)

© The endodermis: controlled entry to the vascular cylinder (stele).
Within the transverse and radial walls of each endodermal cell is the Caspanan
strip, a belt of waxy material (purple band) that blocks the passage of water
and dissolved minerals. Only minerals already in the symplast or entering that
pathway by crossing the plasma membrane of an endodermal cell can detour
around the Casparian strip and pass into the vascular cylinder (stele).

and minerals into their walls (apoplast). The xylem

flow upward into the shoot system

Baudlt
© Transport in the xylem. Endodermal cells and also
living cells within the vascular cylinder discharge water

vessels then transport the water and minerals by bulk
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Qutside air
= -100.0 MPa

Leaf v (air spaces)
= -7.0 MPa

Leaf \ (cell walls)
= -1.0 MPa

Trunk xylem
=-0.8 MPa

Trunk xylem ¥
=-0.6 MPa

Soil y
= -0.3 MPa
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Radially oriented
cellulose microfibrils

Chloroplast ~ Guard cell
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High H* concentration Cotransporter

7 Mesophyl cel ompanion  Sieve-tube
{ /CG‘” walls (@poplast) (transfer) cell element
\ _Plasma membrane
Plasmodesmata

— > ¢

Key

Apoplast sl g

@ @ ASucmse

Low H* concentration

" Bundle-  Phloem
Symplast uliass Mesophyll cell  sheath cell parenchyma cell

(a) Sucrose manufactured in mesophyll cells can travel via (b) A chemiosmotic mechanism is responsible for the
the symplast (blue arrows) to sieve-tube elements. In active transport of sucrose into companion cells and
some species, sucrose exits the symplast near sieve sieve-tube elements. Proton pumps generate an H*
tubes and travels through the apoplast (red arrow). It is gradient, which drives sucrose accumulation with the
then actively accumulated from the apoplast by help of a cotransport protein that couples sucrose
sieve-tube elements and their companion cells. transport to the diffusion of H* back into the cell.
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ieve tube g:;;)me coh © Loading of sugar (green Lladl) S Jaad 533
dots) into the sieve o el gl A () jumal
tube at the source (in Ada ¢ Judiia d) jaadi
this example, a mesophyll ‘3‘ (4030 b pasl Ao
cellin a leaf) reduces e )
water potential inside the > Ja!= ell Ui} Jis
sieve-tube elements. This ¥ 138 g2 .Jb ad) gl
causes the tube to take el gl pablatal
up water by osmosis. A5 salil

© This uptake of water 13 (L aliaid Ay
generates a POSItive 5 \_aall ya, Gia Uk

pressure that forces .
the sap to flow along dsa e "u:l:;':;

the tube.

© The pressure is relieved e Jaaall caias 53
by the unloading of |, <. feki sk

Bulk flow b;y negative pressure

| Sink cell sugar and the RS =
° || (storage co%sequent loss of G ol o F
o || root) water at the sink. wanll el pad
.é‘ /\\ .

O in leaf-to-root A3 o J

; translocation, xylem Tl ¢ i

recycles water from O eldl g caliall

N\ sink to source. L padl ) agall
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Stoichiometry Calculations dilat) e alaal) clibuwa

Aailil) o sall 5 e litall o all e dualall clilal) o) a8 AilasSl Aabeall (e 33l (e
Aleliid) ey jall o @A s e VAl el syt Ll 8 AilasSH Alslaall 4y ias Ll elld

U Jelail e gy (Uil s And ¢z AlpasS Jelii 3 dailil)
A chemical equation can be used to calculate the quantities of reactants and
products. This is because a chemical equation clearly expresses the number of
atoms or molecules reacting or producing in a particular chemical reaction. For
example, the following reaction:

2H>SO4 + Cu — SO, + 2H,0 + CuSOq4
23S (A8 e 2al5 0055 0585 ) g A Sl Gaea e Gt Sa g Baals a3 3 Jeli o
5583 5 gealls AL Asbaall 3ol o V) L sl i S (e 3als o5 n s ele G sas Sl
O OSadll Sy Y Aplend) Aalill e 4d) o glaall (e 43Y tBma e 36l B & Wginaa et ) e g
damia 3 ) seay Ldel ) 4plSa) ) Adla) oy pSI) (aes (e i s Baal 5 il 5,0 e Jpeanll
delall e s of &8l gl () G815 (301 (e ellAl ( Laall a8l 5l (ha Lg i A8l 5 ) suall (e liiad
i Sl Gann S e (0 39) o oAl 53 (gn (35 Jpa) Jelis ¢f 1 5 oY sall alasidy
Jsa) 5 elall Al sa e (Glse) s Sl 2T 6 Gl ja e (33)5 I s0) e J sl ) g2
codadll iy S Gl s (e (sl

It shows that the reaction of one copper atom with two molecules of sulfuric acid
produces one molecule of sulfur dioxide, two molecules of water, and one molecule
of copper sulfate. However, reading the equation in this literal manner although
technically correct is not preferable, because in practice it is impossible to obtain
exactly one copper atom and two molecules of sulfuric acid.
A more appropriate and practically meaningful interpretation is to express the
reaction in terms of moles, as follows: one mole of copper atoms reacts with two
moles of sulfuric acid molecules to produce one mole of sulfur dioxide molecules,
two moles of water molecules, and one mole of copper sulfate molecules.
l,al aae e AVall axain Ll ) ddlia) 4lanS ddalaall 8 codlalaall o e gl Jladl Jay
iy Jall s A e Y gall 2ae e AIVAN G ) i 8 andiad o Sy Leald iy jall

(I 5 ) seally Bl JUal) 8 el e 55 (S5 edabaall L8 335 sl
The preceding example indicates that the coefficients in a chemical equation, in
addition to representing the number of atoms or molecules, can also be used to
denote the number of moles of atoms or molecules involved in the reaction.
This concept can be illustrated in the previous example as follows:

2H>S0O4 + Cu — SO, + 2H,0 +  CuSOq4

2 molecules H>SO4 + 1atom Cu — Imolecule SO, +2molecules H>O+1 molecule CuSO4

2 mol H2SOq4 + 1 mol Cu —1 mol SO,  +2mole H,O +1 mol CuSOg4

196 g H2SO4 +63.5gCu—>64gS0O, +36gH0 +159.5 g CuSOq4
259.5 g Reactants  — 259.5 g Products

ALK Jads ) 5ilE 5880 A0 5 ) sl Al Aaladl o JaaY
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Note that the balanced chemical equation satisfies the law of conservation of
mass.
Librasst) Adlaall (e Lgale J puand) (Say Al Cila glaall
Information That Can Be Obtained from a Chemical Equation
sdaslil) g Ao litall 3 gal) daguda g Alla 48 20 Y gl
Sl Je i 3
First: Determining the state and nature of the reactants and products:
For example, in the following reaction:
No + 3Hae = 2NHs ;
e g el e Om Sy Jelall Jaa o ] g Hladl ) = salall o) I (2) syl ey
Lise¥) le (oSl a5 il
The symbol (g) indicates that the substance is in the gaseous state, meaning that
the reaction results from the interaction of hydrogen gas with nitrogen gas to form
ammonia gas.
sl Sl dlae ) (p Apadl) daas o LG
Second: Determining the ratio between the numbers of molecules:
ALl ddaladl) (e 4_13\:13\ il idanda S JEA d:\.\u L_Ar_
For example, from the previous equation, we can observe the following ratios:
Hy @l Ny @l ja 4
The ratio of N> molecules to H> molecules is:
1 molecule

3 molecules )
NH; @l s SN, @l s 4
The ratio of N2> molecules to NHs molecules is:
1 molecule

2 molecules .
‘NH; <l ja S Hy @l a4
The ratio of H. molecules to NHs molecules is:
3 molecules

2 molecules L o
c Y gall Aas) G Aswdl) paad o WG
Third: Determining the ratio between the numbers of moles:
Hy @Y s 22e I N, OV ge 220 dais
The ratio of the number moles of N2 to the number moles of Ha is:
1 mol

3 mol
‘NH3 @Y e 22e I Ny OV g0 220 A
The ratio of the number moles of Nz to the number moles of NHs is:
1 mol

2 mol )
‘NH3 &Y se22e JHy OV ge 220 4
The ratio of the number moles of H2 to the number moles of NHs is:
3 mol

2 mol
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Fourth: Determine the ratio between the masses of the reactants and the products:
Ha A )N 458 4

The ratio of the mass of N to the mass of H- is:
28¢g

6g
: NH; A N, Al 4
The ratio of the mass of N to the mass of NHs is:
28¢g
34g
‘NH3 4 ) Hy A€ 4
The ratio of the mass of H. to the mass of NHs is:
6g
34g

49 gal) Ailaasst) Malaall B (5 AT Bale Y ga A gloay Balal Y gal) 2o Cililua

Calculating the number of moles of a substance given the moles of another
substance in the balanced chemical equation
el 8 Lo e Y Aualul § glad A5 ) gal) Alal Alaladdl (e Bl Y gall 2o ililua 328
S e GAD AIall (s Lay yy (531 sl L 58 8 Ll (0S5 5 ¢S L —y iyl Lo 8 s JidS
sale 3 gl Ll Cupa e liall s ol i) b dne Jalaii @2 (s galall (salal allall 5 ey sall 5 ol 3
(Al AESa) A28l Y pall 230 Ciln (Sars a1 f ol all Jie dules Cilaa sy
Calculating the number of moles from a balanced chemical equation is an essential step
in chemistry. It represents the essence of what is known as stoichiometry. Stoichiometry
1s important because it serves as a bridge between the invisible, microscopic world of
atoms and molecules and the tangible, physical world we encounter in laboratories and
industry, where substances are usually measured in practical units such as grams or
liters. The number of moles can be calculated using the following relationship:

gy sall Aalaall 8 1Y) 5alall Jalae
Coefficient of the first substance in the
balanced equation
23 all Alalaall & 2l 3Ll Jalas
Coefficient of the second substance in the
balanced equation

8 5l aalial) Ay Al mm sy Ailaasll cilial) gaen e 5855 i gy paal) san sl sl oo
Qe 5 canall g Al Jie s al dlee cilaa g ) Jsall Bas 5 (e Balall daS (g Sy oS (41 JSA)

LY (i Al Adlinl) 3,80 5 g1 5l 5 ecilapuanl
The mole is the central unit upon which all chemical calculations are based. The
accompanying concept map (Figure 4-1) illustrates how the amount of a substance can
be converted from the mole to other practical units such as mass, volume, number of
particles, and the various types of concentrations that will be studied later.

(_,,JJ‘\J\ 3aLal) &LY}A e
Number of moles the first substance

Al salal) Y ga 22e
Number of moles the second substance
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- NUMBER OF PARTICLES
Silal jally Al (e.g. atoms, ions, molecules)
MASS -
i i R.T.P s & Y dm® sz
VOLUME

In dm? for any gas at R.T.P

+
=)
=]
2
X
S
[

¢z01%x20°9 x

x 22.4 dm?*/mol aaall
S.T.P e & s¥dm?sas
VOLUME
In dm? for any gas at S.T.P

g/dm? s o 35S
CONCENTRATION
in g/dm?

+22.4 dm*/mol
X

T (Sl 3l
mol/dm? 3as 5 S 5l y :
CONCENTRATION - MOLE FRACTION
in mol/dm3 mol/kg 3aa 5 38

CONCENTRATION
in mol/Kg

A LilaesSl las gl g J sl G Ja gl 1441 JSS
Figure 4-1: Converting between moles and other chemical units.
Exercise 4-1: ; ‘ ; 4-1
Al ABuY) e caal Al L gel) et Jeldl ddalas s
According to the following reaction equation for the preparation of ammonia, answer
the following questions.
N2 +3H; — 2NH3
o 5 il (e A e ma (a5 50l (10 6.0 MOl Jelé (e Aadlill L Y)Y g0 230 oS
a. How many moles of ammonia are produced from the reaction of 6.0 mol of hydrogen
with a sufficient amount of nitrogen?

Soma g il (10 252 g ae Jeléillda 330 cpa g puell Y g0 220 oS b
c. How many moles of hydrogen are required to react with 252 g of nitrogen?

L Y1 (0 6.0 Mol Y A 33U (a5 il iy 2 2 oS ¢
e. How many molecules of nitrogen are required to produce 6.0 mol of ammonia?

9o s il (e A8 D0eS e a5 )edl (00 0,450 kg Jeld (e dailil) Lo Y LS e d
f. What is the mass of ammonia produced by reacting 0.450 kg of hydrogen with a
sufficient amount of nitrogen?

Limiting Reactant Jo Wil Basaal) 3alal)
Ll e il o gall (e ol @llgind Lavie LSl Jelal) i g3y
A chemical reaction stops when any of the reactants are completely used up.
A0 5 ) gall Jelal) dalas Ladass L";\]\ il Axnilal) = e ldiall o sall ax 63 La 1530
Reactants rarely exist in nature in the proportions determined by a balanced reaction
equation.
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Blana Baal g Bale (oSS (pa A Al DI gl o) gall (gan) (5S¢ Al & COlelal)l e fasall 138
3alall o Jo Uil dadaal) Balall g ¢ Jelaill aoaal) salall 40aS o aaiad Aa3Ul) 3 gall dpaS 8 1A Jelall
Al alall S aa s Jelidl) 3 G ellgtos il
Usually, one or more of the reactants are in excess. The reaction continues until one or
all of the reactants are used up. This principle applies to reactions in the laboratory; one
or more reactants are in excess, while one reactant is the limiting reactant. Therefore,
the amount of products depends on the amount of the limiting reactant. The limiting
reactant is the reactant that is completely consumed in the reaction and determines the
amount of the product.
e clinclual s Aaildl) 3) gall andd Jolaill (i 53 amy ellgind A 3l Aeliia) of sall (e dgisiall el Ll
- bl Al meadll dlee e Sl JUal) 340 Le s Aaildl 5 Jelaill saaad) af sall e
The unreacted amounts of other reactants remaining after the reaction stops are called
excess reactants. To help you understand limiting and excess reactants, let's consider
the following example of the final assembly of a car:
Glal 4+ 8 )b JSia [ 3 L] Jeldil
Reaction: 4 tires + 1 car body — 1 car
A Lemead (Ko Gl Glladl axe Gl k) 240 5 3w JSR100 Ok gias sl OIS 1))
ALlS 5 )b 60 51 <240/4=60
If a car factory has 100 car bodies and 240 tires, the number of cars that can be
assembled is 240 + 4 = 60 cars.
(3% 60) ALl Hlud) aae aa LY el jUaY) o s Je il Sasaal) Salal)
The limiting reactant is the tires because they determine the number of complete cars
that can be produced (60 cars).
100—60 = 40 e i Cua el jland) JSha o sAkildl) a)
Excess material: car bodies, of which: 100-60 = 40 remains
1l ghadll e Ul Baasall Balall (pumd Sy
The limiting reactant for a product can be determined using the following steps:
Alelaal) o gall Y sall 2o ual (1)
(1) Calculate the number of moles of each reactant.
g3 gl bl 8 Lelalaa e Aleliia sale JS Y 5a 230 andl(2)
(2) Divide the number of moles of each reactant by its coefficient in the balanced
equation
L Jelan cilelital) asea (U dandll &) 63 & glas 1] (a)
(a) If the quotients are equal, then all reactants react completely.
(d;u:u padaall BJLJ\) LK Jelan s;d\ P Jil Lgiand & o5 ‘g_“d\ palall (b)
(b) The substance that yields the smaller quotient is the one that reacts completely (the
limiting reactant).
Al dalinal) (3 yhall aladi S Aalaall et oy Jelaill sanaal) alall 48 jaa (S Aald YA @llia
In certain cases, the limiting reactant can be identified simply by inspecting the
chemical equation or by applying the following simplified methods:
Aelaiall o sall JS 8 ¢ gludia Aelaiall o gall Y ga alael y dy gluia Aleliial o gall i Malaa CailS 13) o
LS Jelis
= [f the coefficients of the reactants are equal and the number of moles of the reactants
are also equal, then all the reactants react completely.
Al s 2 mol Oz &« 2 mol C z 34 W s sl
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Explanation: If 2 mol of C are mixed with 2 mol of O:, according to the equation:
C+02— CO2

oails ax o0 V5 LIS Je i Ao i) o) sall aen Gl
All the reactants, therefore, react completely, and no excess remains.
Y ge 220 8V salall lé (daliag Alelaiall o gl Y o dacf 5 4 sluie e litall o) gall O las Cuil< 1Y) =
LS Jelaw 3l a
= [f the coefficients of the reactants are equal but the numbers of moles of the reactants
are different, the substance with the smaller number of moles is the one that reacts
completely.
Al s 2 mol 07 &« 3 mol C z %= 1 izewa s
Explanation: If 3 mol of C are mixed with 2 mol of O, according to the equation:
C+02— CO2
LIS Jeliy (0g) oaansSYI Gl
then oxygen (O2) reacts completely.
dad 8 oY) saladl (o ody sluia e liidl o) gall Y o dlac] g dalida Aelitall 3 gall S alas il 1Y) =
) L Jelas 1) o Jaladl
= If the coefficients of the reactants are different while the number of moles of the
reactants is the same, the substance with the larger coefficient is the one that reacts
completely.
Aol s 4 mol Oz &« 4 mol H; z = ) a5
Explanation: If 4 mol of H: are mixed with 4 mol of O-, according to the equation:
2H>+ O, — 2H,0O )
LIS Jeléyy (Ha) o soued) QU
then hydrogen (H:) reacts completely.
Exercise 4-2: 14-2 s
SV e 5 «CoH 1206 35S shad) Uiy elall 5 (0 pSU 2l 50 Ll b 5 guiall oLl Je i Jenting
Photosynthesis in plants uses carbon dioxide and water to produce the glucose CsHi20s
and oxygen gas.
gl elial) ddany slall oWl (40 64.0 g 5 ¢S 2T S 50 88.0 g Lo Al ja g 13
If a plant has 88.0 g of carbon dioxide and 64.0 g of water available for photosynthesis:

a. Write the balanced chemical equation for the reaction. A ) gall Jelal) Aalas 3S) g
b. Identify the limiting reactant. el 3asaall salall 238 b
C I d entlfy t h e e Xce SS rea Ctant ........................................................ Mm\ SR C
d. Caleulate the mass of he excess reactant, i S )
e. Calculate the mass of the glucose produced .. ) 55 ) AES ol ¢
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Percent Yield 4 gial) 39 yal) Al

el Jolail) 3ol (saal Gulita (8 4 saall 35 yall A
The percent yield is a measure of the efficiency of a chemical reaction.
Goaint iy 4 Lol Ll (e Aga ) Aay plil il g ALl 5 S 85 pall el e i il ia il
Agled o yal s 3yl il g Liayf Al cdle il Jially s Aaay JS (3 Ban (3355 Y 38 Ulad (S5 (i de
Suppose you are practicing free throws in basketball and take one hundred shots. In
theory, you could make all one hundred, but in practice, you might miss some.
Similarly, chemical reactions have both theoretical and actual yields.
How much product? ‘ ‘ A5 Al e La
Uilae e oliy el 8 ooan SheSH Jeldl of coniiin) 8 olil & Y (Juadl) 138 Jilue Ja £l 3
Lo Lbon s il (g dpaS e il g (g ) s AsiliasS
While solving problems in this chapter, you may have concluded that a chemical
reaction in the laboratory occurs according to a balanced chemical equation, producing
a certain amount of product that can be calculated in advance.
3aa 100 DA (4 30 100 <argd) 3Ll 3 8 Jax o Jdiaall (o ol 480 LaSa (Ladly (g8 e ol o<1
Al il il A e il alina g Y IS il DA
But that's not always accurate, just as it is unlikely for a basketball to go through the
hoop 100 times in 100 practice shots, most chemical reactions do not produce the
expected amount of product.
3 sall uaili 88 a3l il (e dadgiall il g M JSY) J cle il (a8 g a8 aeie LY
i AT ) ge i 8 OV (any g ¢ A o A Y1 mhand e - AL AW b Al dle L)
Alall o) sall LS (any o 36 38 gl it st pall il A€ e JIE ) (uilinl) e Gy Al e
LS A8 jra ) Aalay uilaasl ol ¢ JSLER o2 Aaii g 2@ dales g 368 ol a1 A8 )5 e Wils
oSl Je il b il dpaS yaa
For various reasons, reactions often stop before completion and fail to yield the
anticipated amounts. Reactants and products—in the case of liquids—may stick to the
surfaces of containers or evaporate. In some cases, unexpected substances may form
due to competing reactions, reducing the amount of desired product. Some solid
materials may remain on a filter paper or be lost during purification.
Because of these issues, chemists need to know how to determine the actual amount of
product in a chemical reaction.
;gia.ﬁ\ 3934l 9 ‘é)ﬁ.m 393 sall
Theoretical Yield and Actual Yield:
i yuanall ) S a5 Blance Al i B3a e (0 geill) AnaS oy Cudd Ll bl (g S 3
Alana) Al litd) 53lall a8 (o Lgle J smnll (S owilil) (e 20aS ST 5o 5 e Jelill g all) 4 g3 pall 030
In many of the previous calculations, you computed the amount of product from a given
amount of reactant. This calculated amount of product is called the theoretical yield of
the reaction, which is the maximum amount of product that can be obtained from the
given amount of reactant.
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22l 390 yall LSl dany 28 giall (5 paill 293 yall (Gillaa ad 390 je  SbasSl Jeldll e i L1530
Al ol AuaS 5a (tadl) g0 yalld (13 Zatll) salall AES LINA (pe iy Aid T jad DA (e Jelidl
Mlee Jbesl Jelall o) ja) xie
It is rare for a chemical reaction to produce an actual yield that exactly matches the
expected theoretical yield. Chemists determine the actual yield of a reaction through
precise experiments, by measuring the mass of the product formed. Thus, the actual
yield is the amount of product obtained when the chemical reaction is carried out
practically.
Giloh (e e st all il sl U A Jelil Aleld 48 jaa ) ¢ siliall ling 24y glall 393 sal) s
ol 353 5l i il A al) 3,93l el 516 131 A i) 333yl Ao lam Jo il Aol
A sie A o s G (5 phall 250l )
Percent Yield:
Chemists need to know the efficiency of a reaction in producing the desired products.
One way to measure the efficiency of a reaction is by calculating the percent yield.
Therefore, the percent yield of a product is the ratio of the actual yield to the theoretical
yield, expressed as a percentage.

2l 353 yall
Asiall 350 pall A Actual Yield 100
Percent Yield s okaill 353yl
Theoretical Yield
Exercise 4-3: 14-3 s

ALY A5 ) pal) Aalaall 885 inial) 20l e ey ) 518 g sl mas Jeld a0 <4y
Chlorine is produced by the reaction of hydrochloric acid with manganese dioxide
according to the following balanced equation:
MnO; + 4HCI — MnCl; + Cl,; + 2H,0
OS5 ¢HC1 32 50.0 g @&« MnO2 (% 96.9 g Je i 13) 5 oIST A, giall 390 yall A g (5 paill 390 yall Canea)
.20.0 g 54 Clp - A=dll 350 all
Calculate the theoretical yield and the percent yield of chlorine if 96.9 g of MnO: reacts
with 50.0 g of HCI, and the actual yield of Cl. is 20.0 g.
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Exercise 4-1:

g-o-uLy
NSMO
Gy ) it

4 mol NH3

27 mol H»

1.806 x10%* molecules

o0 (o

2.55x10° g NH3=2.55kg

:4-2
Exercise 4-2:

6COxg) + 6H200) — CsHi206(aq) +6O2(g)

CO;

H,O

28.0 g H,O

oo o

60.0 g CsH 1206

ibgll alualyllg aglell slialgl
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Exercise 4-3:

Theoretical yield =24.3 g Cl,
Percent yield = 82.3 % Cl,
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The Kinetic-Molecular Theory A Jal) AS al) Ay s

s e By Gl pallad el B3 sai - 3aa e Lagie IS -y gesles e il g lilaasll - 8
e CJJAJ\ faa c..a‘sdsl‘g L@."\M&SJ&&L Euﬁdw\ﬂﬁu@g\@g#‘kﬂ\%ﬁ CJ}A.J\
AV Sl 8l )l Sl A8 jad) 4 il a5 Ll 5 L3S a5 lall Cilagus anay (3la Cilal i)
The chemists Boltzmann and Maxwell, each independently, proposed a model to
explain the properties of gases. This model is known as the kinetic molecular theory,
which describes the behavior of matter based on the motion of its particles. This model
makes several assumptions about the size, motion, and energy of gas particles. The
kinetic theory of gases is based on the following assumptions:
¢8ac Lite Leil LaS clgiy Juadli il e ) il o sany 45 5lia 1aa B jaica o saa <ol Cilasan (el 3l () 5855 ]
Lein Lad alil) g 3l (6 68 aaaii Gl
1. Gases consist of particles with very small volumes compared to the volume of the
spaces separating them. They are also widely separated, so the forces of attraction and
repulsion between them are absent.
Dl sl AT Glasuay arlacat 5 clgasan ClALAIY) 8 44 e 53 jaine A8 ja Alla 8 ) Clasa 2
S pall Al 288 Y el asliatl) b A e ) Gl G Gladladll aad s 4 aa 5 3 cle )
Aadbatial) Glavwad) p Jain T
2. Gas particles are in constant, random motion in all directions, colliding with other
particles or with the walls of the container in which they are located. Collisions between
gas particles are elastic. In elastic collisions, kinetic energy is not lost but is transferred
between the colliding particles.
Alall g paaill (San g Al jau g camand) ABS Las (Slale Waasy A ja A8ls Clapuall 48 a e =35 3
AY) ABall aaall 45 )all
3. The motion of particles produces kinetic energy, which is determined by two factors:
the particle's mass and its speed. The kinetic energy of a particle can be expressed by
the following relationship:
KE = Ymv?
:\.@A.Ed\ﬁu.;“:tc)»:v cﬁ@\m:m sE\:\S);‘\:\ﬁ\M\:KE;&:\;
Where: KE = kinetic energy, m = mass of the particle, v = velocity of the particle.
S yal) ABUAl eS Calias SlA (Lgasit Ao yuad) L Cpuad a3l 91 ¢Lgnstt A€ Ll L 5e e e Cilaruen (f a3
Ao aie ke gl of b 3alal) Cilapuad 408 jal) 48U Jau gial Wiliia 3 ) jadl da ) aadiad ¢laly L]
313 LS pal A8 Jars gia ASTiay o gus Lgasii 5 ) ol
The particles in a sample of a gas have the same mass, but not the same speed, so their
kinetic energy varies. Temperature is therefore used as a measure of the average kinetic
energy of the particles of a substance. Any two gases at the same temperature will have
the same average kinetic energy.
General Properties of Gases < Jladl dalal) (al )
ety coal sall (e 222 Gl R s
Gases have several properties, such as:
;A..\Aﬁ\ u
el e 5 a8 Ll 4 a5 o) ele o)) JSG Dl o Gl Bl L ) SIS @l ) ellias Y
= Expansion:
Gases have no definite shape or volume. They take the shape of their container because
they can expand to fill any available space.

12
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= Compressibility:

Because gas particles are widely spaced and have low density, gases are highly

compressible.

33 g adalrail ol ele o) 830 g sall HLadl ABEKT hany Lo ea 5y 5-1 ISl

Figure 5-1 shows what happens to the density of a gas in a container as it compresses

and expands.

i ER- P
compression cxpansion

lasall (e L5 AL 4l A anal) juay laa sle 5 o adabiail s 3lad) 2adi o 15-] JSal
Figure 5-1: The expansion and compression of a gas in a closed container change.

As gl m
O ol L) 228 13 5 (A sy i Lgleny Laa cclalad¥) aan (A 4o ju s 4 pag & et Ol Jladl Cilages
& sall

»  Fluidity:

Gas particles move freely and quickly in all directions, which makes them spread easily,

and for this reason gases are considered fluids.

-A8UY) (ldlS)  w

o SH S S id S 431 YT (S mlidi) ey Le 138 5 Lecmns (e dae Ui <l Sl Cilase
LaadlS s ) jall da o ol Sl Jaraall 8 aSail) Ao g 5Ll alidy (o2 aaall Huss o e Lol )

» Low density:

Gas particles are far apart from each other, which explains their low density. However,

their density can be decreased or increased simply by changing the volume the gas

occupies—by adjusting the pressure, the temperature, or both.

) A LA .

o Bl Gty cpilate Jslan 0 sS o5 K Gmand) Lans a1 5e¥1 5 TGRS LG S qaan

S ) 5L L) pranas Laa cllle & jas ol jatiy 1 3ac Lite 4 ) il ) o ) s s s Slall g 58

Ll Sall G dlald D gas D g g

= Miscibility:

All gases can mix completely with one another to form a homogeneous mixture,

regardless of the type of gas. This occurs because gas molecules are very far apart and

move freely, allowing complete mixing without any boundaries between components.

(Bl g plaaiy)  w

Dl il Gp Q3N (58 G clasall (5 ouS Al Y 15k i el AS el 4 Hlail

Gl e S G ) 4 i (3 lSal (S s A peas lapanll oda i gl Aadmia )5S ASS
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5-2 R A a ga
= Diffusion and Effusion:

According to the kinetic-molecular theory, there are no significant forces of attraction
between gas particles. Thus, gas particles can flow easily past each other. Often, the
space into which a gas flows is already occupied by another gas. The random motion of

the gas particles causes the gases to mix until they are evenly distributed.

Diffusion is the term used to describe the movement of one material through another.
The term might be new, but you are probably familiar with the process. If food is
cooking in the kitchen, you can smell it throughout the house because the gas particles
diffuse. Particles diffuse from an area of high concentration (the kitchen) to one of low
concentration (the other rooms in the house).

Effusion is a process related to diffusion. During effusion, a gas escapes through a tiny
opening, as shown in Figure 5-2.

e Gas1 ® ¥ Gas 2
» ’ 3 ® © 5 &
s o, &
e \ o - =
’ o °: = % ° e
. . . [ o o L 2
o= I 2’ o C =
@ C =0 o =
o © & °
L ® L - o 2 )
@ o %o 1t ®
o @ L o & ° o
¢ o
o -
[ ° L X -
") Y S &8
L J o P » SN
Diffusion L&y Effusion (sl

Gaxill § HLamy) 5.2 JA)
Figure 5-2: Diffusion and Effusion
cJazall s o dals G yurie dan b 485 5 A8De Cld Gl ) al & o @ pan o WS clacall sda (e
) Ty Jonie JS i Lo 138 5 Al 5 canall g 6550 pall da 5
From these characteristics, we can realize that the properties of gases are closely related
to four important variables: pressure, temperature, volume, and quantity, which will be
explained in detail later.

Graham's Law Al o 5id
e.ma.ﬁj cl.@_um'é_)\);j\%_)dm:uﬁ“&‘)ls é&ﬁkﬂd“wgﬂhﬂc\ﬁheu\ﬁwuﬂeﬁ
Al de o Jara G AuuSe A8 2 ga g aliS) N8 g Bale 4ad da 3 Y Gl ) <l Hladl 580 Cuaay Ay jal

BIERETY
Thomas Graham conducted an experiment to measure the rate of flow of different gases
at the same temperature. He designed his experiment to flow the gases to a location
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where there was no substance. He discovered an inverse relationship between the rate
of flow and the molar mass of the gas.

A ) AU a3 ) e LS iy el (3805 de ju Jana o o Gy (8l Gla) s 58
Graham's Law of Effusion states that the rate of flow of a gas is inversely proportional
to the square root of the molar mass.

£

OSars AL (e gl 2088 Cllapall 355 Cua (ilapall ABS e Y1 Aa il LISY) de ju adiad
Aol Lsii 3 ) jall da )y ie Aabiaal) ) Lall 48 jal) A8 Las s Caa s
The rate of diffusion depends primarily on the mass of the particles; lighter particles
diffuse faster than heavier particles. The average kinetic energy of different gases at the
same temperature can be described by the equation:
KE = Y%mv?
A jal) AEUa)) das gie A88al) Slapeal) ellicg Sy AT ) Gl (e aliad el Glasa A1 la @lld aa
Sl idau siall dgaial) Lo e 585 O Gang ALEN Cllapuall s
However, the mass of gas particles varies from one gas to another. For lighter particles
to have the same average kinetic energy as heavier particles, their average velocity must
be greater.
Al Clapal) ¢y Uasd ALE ilapmanl) 5 3) ¢ ilaia 138 5 LY Jana o Wl alal e ¢ 538 Gakaia g
e LIS Jara (g A5 el Apaly 5 Ao A0S alal ja ) 55 aladinly oliSay Lewdi 3 ) jall a3 die
Graham's law also applies to the rate of diffusion, which makes sense; heavier particles
diffuse more slowly than lighter particles at the same temperature. Using Graham's law,
you can write a mathematical ratio to compare the rates of diffusion of two gases:

Rate A Mg
Rate B |M,
toh bad dsosall AlaY) A 54 G
Exercise 5-1: Choose the correct answer from the following:
Ol Jle pud Jare b 4 mL/s Jara 5 s 4 A (pa s yuel) a5 50 S8 ity ]
faadal) ey IR
1. Hydrogen bromide gas leaks through a small opening at a rate of 4 mL/s. What
is the rate of methane gas leaking through the same opening?
a) 1.78mL/s b)9mL/s c¢)18mL/s d)24 mL/s
4 sall ALY o)y Sl S A6 Sl LIS Ao juny 43 )l8a 5 ja].414 o Ll de o 3l Hle 2
?d}@é.&l‘ j\.:'d\
2. A gas whose diffusion speed is 1.414 times that of sulfur dioxide. Calculate the
molar mass of the unknown gas?
a) 16 g/mol b)32 g/mol c)64 g/mol d) 128 g/mol
Pressure bl
L@M@Qw\ 0l ‘:M E‘)A:\MAZ\S‘)AL’;LJLD Gl g Q\‘).Jéc &)33-’ ¢l sed) O 6#1‘@5
15 iy el s (5 8 & sana Sy b a5 A 5y alial S L Aol xlauY) gay anl
RISTES
As we know, air contains gas atoms and molecules in constant motion. These particles
collide with each other and with surrounding surfaces. Each collision produces a very
small force, but when the forces of all these particles are combined, they quickly add
up to produce a large effect.
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The result of the constant collisions between gas atoms or molecules and surrounding
surfaces is what we call pressure. This pressure enables us to drink through a straw,
inflate basketballs, and breathe. Pressure differences in Earth's atmosphere also generate
wind, while pressure changes help us predict the weather.
dalue o Ao suie Sl Cilagun adlad e AUl (F) 58l 4l ca%ads Slall 4y sy o3 (P) bl Ll
4 palaal s (A) cla...d\
The pressure (P) exerted by a gas is defined as the force(F) resulting from the collision

of the gas particles divided by the area (A) of the surface they collide with:
F
P = Z
Q@md&caﬁuﬁa‘w#@)w\ﬁwam&)b@sMJwgﬂ\L&A\M"mﬁcgme
Jariall (ed) g Aalie as g JSI3 g8l Cuzasdil ¢ )
Therefore, the pressure exerted by a gas sample depends on the number of gas particles
in a given volume, the fewer the gas particles, the lower the force per unit area, and the
lower the pressure.
Measuring Atmospheric Pressure s vl Ll

(Hg) G55l (e pass G adoh il colsell (e § sie ala) sl st 5 ¢ jia sl (g sall bl gy
3R s 03 N1 ) Il 3830 s e g sa) Lol gy 5-3 IS b e s LS
G530 3pee gy e 6 (ol ka8 o5 13,5 = oLl cye B i) 2Ll (325 30 AGESY |yl
aclii)) Juay elall (e 350 @i (59l baall (Sa «Jiiallis . 760 mm 51 0.760 m <& gl )

il o) ey Bl Ay (3530 3 3a 303 el 1365 110.3 m Jlsm
Atmospheric pressure is measured by a barometer. A barometer is an evacuated glass tube,
the end of which is immersed in a pool of mercury (Hg) as shown in Figure 5-3. The
atmospheric pressure on the surface of the liquid mercury pushes the mercury upwards
inside the evacuated tube. Because mercury is very dense (13.5 times denser than water),
atmospheric pressure supports a column of mercury about 0.760 m or 760 mm high. By
contrast, atmospheric pressure supports a column of water about 10.3 m high. This makes
a mercury column a convenient way to measure pressure.

3 91)5
z'/ Vacuum
B3 50s daiia

Mercury column pressure

760 mm $ et dasall

Atmospheric pressure

mnmuWHim

2030 yia gl :5-3 Jsdl
Figure 5-3: Mercury barometer
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The height of mercury is determined by two forces: gravity, which exerts a constant
downward force on the mercury, and the opposing force, exerted by the air pressure on
the mercury's surface, which pushes it upwards. Air pressure varies with changes in
temperature and humidity.
Gl e slae U U8 e il Juatia (333 e (0585 ¢ gmanal) il Jaiem ull a235f 31 i gilal)
S5-4 JSEN (8 ia ge oa LS
A manometer is an instrument used to measure the pressure of a confined gas. It consists
of a flask connected to a U-shaped tube filled with mercury, as shown in Figure 5-4.

Patm Patm Patm
Pgas Pgas Pgas
7 i3
P.
Hg H
Hg * £
e N ~/
_ Pgas >P atm Pgas <P atm
Pgas =P atm — —
Pgas_Patm+PHg Pgas_Patm'PHg
(a) (b) (c)

sl bl gy Sl han gl haal ge 58T el b gsadl haall e B ) bk
The gas pressure is equal to ~ The gas pressure is greater ~ The gas pressure is less than
atmospheric pressure. than atmospheric pressure. atmospheric pressure

Cahall # giia yia gilall alasiuly Sl v (ald 154 JSal)
Figure 5-4: Measuring gas pressure using an open-ended manometer
858l Ll 3aa 5 e JISl Baa g il M5 | (Pa) JWSul (o Jaal) (bl 325 () Jaal) (b cilaa g
<l 3 Ly (1Pa=1N/m?). e yie JSI Gisn anlg 358 Slaie JWUL 3aa 5 (g sladis (N) (o daallall
il ) i) s gl 32505 o slall (he 5 S Y lae
Laall Jauns ¢ (psi) A da s IS JUa)Y) aae 4l e Jaiall ¢ guudigal) Jan cJBall Qs (ad
i GloAl lias s ollia s (mmHg) 4 ) < ialally <l yiagilal) il jia gLl aladialy GulEl
((bar) )b 5,3V (torr) Lt Lealas)
Pressure Units: The unit of pressure is the pascal (Pa). The pascal is derived from the
international unit of force, the newton (N). The pascal is equal to one newton per square
meter (1Pa = 1N/m?). Many fields of science still use traditional units of pressure.
For example, engineers record pressure as pounds per square inch (psi), and pressure
measured using barometers or manometers is recorded in millimeters of mercury
(mmHg). Two other units are known as torr and bar.

Converting between pressure units Laall Qs g G 3l
1 atm =76 cmHg = 760 mmHg =760 torr =1.01325 bar = 101325 Pa = 101.325 kPa
Real Versus Ideal Gases il ) Jilda Aadald) Slad)

58 0K T U s pand Bl Lt 5 0 A Sad) A8 ) By i cilaa i AdE ol S o
o A 5| e Y s i A ] Clat 8 dm g s i i Y el o3 ) LS (s
em&w.&#ga@b@\w ASHn Glapwall sda & jatiy 408 33 g gall cle ol ) jaa

Libgll cilualyllg aglell slualgl v




pulcil &l Méwh?l:g Ng Sc MO
c)uﬁyew‘\?ﬁﬁ\aﬂu\ u\g_\ubu‘a_a)auujhaﬂ\a.\%} cl.@_\}ﬁa.“;ﬂ\ ele Sl J\J;.aj\ua:..ul.@_;aa_\
Bl oal da s daiall (e Cag Bl JS cund Sl il 8 M S i
Ideal gases follow the assumptions of the kinetic molecular theory you studied earlier. The
particles of an ideal gas have almost no volume, occupy no space, and there are no forces
of attraction or repulsion between them. They do not attract or repel each other with the
walls of the container they are in. These particles move randomly in straight lines until they
collide with each other or with the walls of the container they contain. These collisions are
elastic, meaning the kinetic energy of the system does not change. An ideal gas follows the
gas laws under all conditions of pressure and temperature.
LS (ilad (5 58 s m 535 ¢ im0 ()5 o L) Ul ilopand ¢ i Sl llia (a3l i (S0,
& b Al alina s Gl e e U e 5 Lla £ e ciladbial o ele sl (s Lo e ciladbadl ¢
Sl 5 a5 ad Al lbead) G LS 51 al da 5o g el (e daad g il o U Ll
A pail il s
However, in reality, there is no such thing as an ideal gas. Gas particles have small volumes,
but they do have attractive forces between them, and collisions between them and the
container are not perfectly elastic. Nevertheless, most gases behave like an ideal gas over
wide ranges of pressure and temperature. Calculations using the ideal gas law approximate
experimental measurements.
LS sl 3 Agiial) ) Jlall alime pad € 5a 0 Al pe alaaiedU lia e Ul Sl (56 0 6 e
sl syl e @l JE Jasus lad izl 551 jall Cla iy Jlad) Taiuall i G S oo
58 O i 108 5 AS all dilapn A8Ua (a8aH (g yiaill Sle 3 ya Cilad palédil vie y JBsal) 5lal)
IS GlS 55 5) yal) da o (i Ladie 5 LS shu (3 355 Lelaa Lo e Cilasusal) o3 (g Gl
ol S e Tall 3al 5 Jeny il AN &l Wl s ) e by s Sl B3 adal) Slal)
(lapn AL 3 paall Jlab] (Saall yi (g iy s cary (00 Lpans B e Atlasea la)
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When is the ideal gas law not suitable for use with real gases? Most real gases deviate from
the ideal gas behavior at high pressure and low temperature. For example, Nitrogen gas
behaves like a real gas. As the temperature of nitrogen gas decreases, the kinetic energy of
its particles decreases. This means that the attractive forces between these particles are
strong, affecting their behavior. When the temperature drops sufficiently, the real gas
condenses into a liquid. Propane also behaves like a real gas. Increasing the pressure on the
gas forces its particles closer together, until the volume occupied by the particles becomes
negligible. Real gases, including propane, turn into a liquid if subjected to sufficient
pressure.
LS bl Sl il (0 5 i Al 3y 4S s 8 Uil Lea (335 ) o) rh i35
Cini o b€ Al e L Glasea G 0588 G G e ST QAT o el Ay
V1A 055 JSEN 8 LS AuSiiling g 5eS @Mad (5 g8 (any ga Lgany Akl il AdlALN ol HhaY)
(C4Hp0) QU sl ?;AJ\ 3_nSll Akl pe Gl Hlal) Glasua Jali g Sl Sladl & gl Aglasl) ) jlall ellos
e ) 3¢l (He) psliedlS aaall 3 a Jle Glapun o Jilas 220 alidy (3 jall (e ST s
Bl Sl Glasa e ST @ sludl e sl )5 Sl 5l Cilagus
The nature of the particles that make up a gas influences its behavior in an ideal way. For
example, the attractive forces between the particles of polar gases, such as water vapor, are
stronger than those between the particles of nonpolar gases, such as helium. The opposite
ends of the polar particles are attracted to each other by electrostatic forces, as shown in
Figure 5-5. Therefore, polar gases do not behave like an ideal gas. Large, nonpolar gas
particles, such as butane (CsHi¢), occupy more space than an equal number of small gas
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particles, such as helium (He). For this reason, large gas particles tend to deviate from ideal
behavior more than small gas particles.

The Gas Laws <l JUad) ¢y g8
ol sl eaa atius ) (ailiad ( day 55 Al dpaly 1) ol 8l e Tade (i et ) 120
Bl GLES) Sy e il 038 il JDA (pa g ciboall cald el Jall pailad (uldl dlin Cy jal o jlad
Bl o gm sl AR5y By gy el iy ey BN 03 (e L Lle 5 ¢ailiadl) el (G dpualy
(Sl
In this section we will consider several mathematical laws that relate the properties of
gases. These laws derive from experiments involving careful measurements of the
relevant gas properties. From these experimental results, the mathematical relationships
among the properties can be discovered. These relationships are often represented
pictorially by means of graphs (plots).
Boyle’s law Jigs G5

J cia J88 el alasinly el e sl ol sl dass ey sl Y (e (5 5l

(5-5 JSall) 48 sl aal e (3l
Irish chemist Robert Boyle conducted the first quantitative experiments on gases using
a J-shaped tube closed at one end (Figure 5-5).
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Figure 5-5: A J-tube similar to the one used by Boyle. When mercury is added to the tube,
pressure on the trapped gas is increased, resulting in a decreased volume.
o) sed) Apal anall b Jariall e Juals Gf aa g5 Aean s seanall Sl Jarca G A8l Jyso (0
Al ) gandll
Boyle studied the relationship between the pressure of a confined gas and its volume, and
found that the product of pressure and volume for a confined sample of air is constant

Al gLl 13 Jiiad S

This behavior can be represented by the equation:
PV =k
Baa% 8l pa Aa o die o sell e Apd Aal B £ Cia cisr 518 o Lo s
This is called Boyle's Law, where k is a constant for a given sample of air at a given
temperature.
inie ¢V Jilie P e Sl au )yl e J 5V g il JSE Gudlinh (il Gpana )y iy Jaso 0538 Jiial (S
U5 il )iy Jarall (il o aif Jaa il ans 50 138 ) lailly (526 S 60 50 ol ansd
Lacall (n dale A83e llia (s AT 3 5Ln (48.0 Y 24.0 () paall Cacliay ¢(29.1 ) 58.8 ()
ol
Boyle’s law can be represented using two different graphs. The first type of graph, P versus
V, forms a curve called a hyperbola (Figure 5-6). Looking at this graph, note that as the
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pressure decreases by about half (from 58.8 to 29.1), the volume doubles (from 24.0 to
48.0). In other words, there is an inverse relationship between pressure and volume.
S e agle @) (P) Jaiall ge LuSe iy Slal) (e a3n 1aS (V) paa O e dase sl paty
REBIBERESE
Boyle's Law states that the volume (V) of a given quantity of gas is inversely
proportional to the pressure (P) exerted on it at a constant temperature.
ke danll s (058 i 35532y il s (0n 53l le ) pemal) (5
The second type of graph can be obtained by rearranging Boyle's Law to get:
v=toil
P P
2 A e afieal) badl) Adalaa o
It is the equation of a straight line of the type:
y =mx+b»b
b=sm=ksx=1/Psy = V/sﬂ&\o&‘;.ﬁﬁhd\kﬂﬁéb\ﬁ:\ﬁ b s ¢Jid m Jiay S
JSal) (3 LS jhm Andalis Al Ungitona Ut an) (s g0 iy o033l ] /P e V o)y 08 M5 0
(5-7
where m represents the slope, and b represents the intercept of the line. In this case,
y=V,x =1/P,m = k,andb = 0. Thus, plotting V versus 1/P using Boyle's data
gives a straight line with a zero intercept as in (Figure 5-7).
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Figure 5-7: A plotof V versus 1/P gives a straight | _. : ) ,
. o Figure 5-6: A plot of P versus V shows that the
line. The slope of this line equals the value of the .
volume doubles as the pressure is halved.

constant k.
DUl A€ el 55 ) padl As a sy S JSEy i aaal) g Jaraall (e JSU 82 el il G (e a2 1) e
s e (5B iad e G Asal A8 130 6LS AaeS Ll (5 gt V (8 P el Joals (1
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Although the individual values of pressure and volume change significantly at constant
temperature and constant gas volume, the product of P and V always equals a constant
quantity. Therefore, for a sample of gas under two different conditions at constant
temperature, it is:

PV, =k
PV, =k
(Y sl e bualy ) dis o sil8 oo el (S 1
Therefore, Boyle's law can be expressed mathematically as follows:
PV, =RV,
aaall g daical (s AanSall 8 5-8 JSE
Figure 5-8 shows the inverse relationship between pressure and volume.
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P v, = (1 atm)(10 L) PV, = (2 atm)}(5 L) P3V; = (4 atm)(2.5 L)
= 10atm-L =10atm-L =10atm-L
= s = cals = <wld

A3 shaul1 Jals Jall ana i D) gl (e o i) bl 3 5y Levie £5-8 JSl)
Figure 5-8: When the external pressure on the piston of the cylinder increases, the volume of the gas inside the
cylinder decreases.

:5-2
cmael.maj\é\ﬂm 6&\)@)&.’4&.4&;3} ?L""‘dé)ﬁjc;ﬁ@‘)?nj‘ d}@éﬂ‘éjt\a)b (e Ale
soloallds jo ol an 5 caaal) Alage abun 2 S5V 350k Jsmm 50 0.5 L 4sas ¢ 18 (3552 Jabs 2aailly jlall
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Exercise 5-2:
A sample of an ideal gas of unknown volume was placed in a flask with a valve and
under one atmosphere of pressure. When the valve was opened, the gas was allowed to
expand into an empty flask with a volume of 0.5 L connected to the first flask by a non-
volume connector. The temperature was found to be constant and the pressure became
532 mmHg. Calculate the volume of the first flask?

Charles’s Law Jubd g e
BJ\\);J\&;)JBJ\.}).} 22 Jw\euuihy&.\;cd‘)\)az\a‘).ﬁj )\.ﬂ\ e;;ug.\:\ﬁ)ﬂ\ d‘)\.u(‘d\.d\ '
Ay S (e Baane 4paS ana i 38 59 JSA 8 Gl shau) i 55 okl 5 5lad) ApeS 5 die
The scientist Charles studied the relationship between gas volume and temperature,
noting that gas volume increases with increasing temperature when the gas quantity and
pressure are constant. The cylinders in Figure 5-9 illustrate how the volume of a specific
amount of gas changes when it is heated.

1 #1 atm
— 600 mL
2
300 K
Vi 300mL V:  socomi
T, 150K ; 300K
=2 muUX =2 muK
= <old =l

oS Sl i ¢ Slad) Clapuad 48 ) A8l ol 33 400 shull) s vie $5-9 JSAl)
Figure 5-9: When the cylinder is heated, the kinetic energy of the gas particles increases, pushing the piston
upward
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Charles's law states that the volume (V) of a given quantity of gas is directly
proportional to its temperature in Kelvin (T) at constant pressure. Figure 5-10 shows
the direct relationship between volume and temperature in Kelvin.

8OO
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:i 500 (300 K, 600 "_'Ear“‘
5 ]

2 e

— 1% (150 K, 300 mL)
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200 =T |
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(K3t 1 A 32

O B ) Al da a5 paal) (G 4831115410 U5
Figure 5-10: The relationship between volume and temperature in Kelvin.
) gl Sl ALy 0L 0508 e pmantl (e
Charles's law can be expressed by the following mathematical relationship:
i 1,
T,

Exercise 5-3: :5-3
$45% hiay aaall sl 4o 333 all As 3l 350 K3, a Axpd i 0.67 Lol laaa Jle Jady
A gas occupies a volume of 0.67 L at a temperature of 350 K. What temperature is
required to reduce the volume by 45%?

Gay-Lussac's law Ml gl - gl il
Glalakaal) axe 315 5 ) all A o Caadl ) WSS ¢ele gl ol jany Jlall Glasa alabial e laaall &34
aaall ey a1 13) Jarcall 30l ) (J) 8 ) adl A ja 80l ) a8 1A ¢l
Pressure results from the collision of gas particles with the walls of the container. The
higher the temperature, the greater the number and energy of collisions. Therefore,
increasing temperature leads to an increase in pressure if the volume remains unchanged.
S5-11 JSal G e sa 5 WS cdaiall e Uyl ol ddlhaall ) jall da o of el gl gla a5 38
Gay-Lussac found that absolute temperature is directly proportional to pressure, as
shown in Figure 5-11.

1.0L

Py 15atm 3.0 atm

7, 150K T 300K
= 0.01 atm/K = 0.01 atm/K
= o = cen
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Figure 5-11: When the cylinder is heated, the kinetic energy of the gas particles increases, leading to an increase
in their collisions with the vessel wall. Because the volume of the cylinder is constant, the gas pressure increases.
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Gay-Lussac's law states that the pressure (P) of a given volume of gas is directly
proportional to its temperature in Kelvin (T), given constant volume. Figure 5-12 shows
the direct and proportional relationship between pressure and temperature in Kelvin.

m
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_ 35 //
4 30 / (300 K, 3.0 atm)
4 25 /
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(K331 gt B 33

COAKIL B ) el A ya g darall o A8MAl) (5412 JSA
Figure 5-12: The relationship between pressure and temperature in Kelvin.
AN Al I A8l Sl sl - (gla (518 e ypatl) (S
Gay-Lussac's law can be expressed mathematically as follows:
P, P
L T,
:5-4 oy
31 all A o adi i () (o 688 <0.00°C3_))a Ao 2ie 30.7 kPa (s st S (e A L (S 13
nall s e fldaina Cie Ly s &iaall 4 3l
Exercise 5-4:
If the pressure of a sample of gas is 30.7 kPa at a temperature of 0.00°C, how much
higher in Celsius must the temperature of the sample be for its pressure to double? At
constant volume.

The Combined Gas Law < el alaldf ¢ gilal)

7= S WS el jlall Alead) landatll (e aall 3 aaall g3 ) jall Ax ja g Jaruzal) e IS i o (S
A8l 2day s g ) Jlall alad) ¢ g8 anle Slhay sl 5 () 538 8 Sl gl - sla O 5385 J LS 585 Jaso (o538
83 g2 gall ABBal) s BN Gl paaiall G dn g, el (e 83350 A aaall 95 ) jall dAa ja g Jarall
Bl da 53 ae Basky caaall ae bue Cality bainalls (5 Y ol il

Pressure, temperature, and volume can all change in many practical applications of gases.
Boyle's Law, Charles's Law, and Gay-Lussac's Law can be combined into a single law
called the Combined gas law, which defines the relationship between pressure,
temperature, and volume for a given quantity of gas. The three variables share the same
relationship as in the other laws. Pressure is inversely proportional to volume and directly
proportional to temperature.

i) sl e Gl y el el sladl o i e el Sy
The Combined gas law can be expressed mathematically as follows:

PV, PV,

T T
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The Combined gas law helps you solve problems involving more than one variable. It
also provides a way to remember the other three laws without remembering their
equations. The Combined gas law allows us to derive the other laws by remembering
the constant variable in each case.
:5-5 G
vie all La¥) anall (esil 13) ¢ saill Gle e e Jara Cacliaty S1a M 5l all 4 jo L
20 S -40°C
Exercise 5-5:
What temperature is needed for the pressure of a sample of neon gas to double if the
original volume of the gas at -40°C was reduced to a quarter?
a) 116.5°C b) -20 °C ¢)-156.5°C d) 389.5 °C
Avogadro’s Law Sl g8l oy gid
Al 8 (Jsall) Dl sl A (Ll 5 5 ) ja dajo s die) Jle Ao aaa 5213 JSA) mua s
ApaSll 5 aaall (g Al 283l O (5 58 Of LSy
Figure 5-13 shows the volume of a gas sample (at constant temperature and pressure)
as a function of the amount of gas (in moles) in the sample. We can see that the

relationship between volume and amount is linear.
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Figure 5-13: Relationship between volume and number of moles.
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Avogadro proposed that, at constant pressure and temperature, equal volumes of gases
contain the same number of molecules (or the same number of atoms in the case of
monatomic gases). It follows that the volume (V) of a given gas must be directly
proportional to the number of moles of gas molecules present (1)
1Y) sl e Gaalyy g ala g8 058 e paatll (S
Avogadro's law can be expressed mathematically as follows:
i 1

nq n, ) )
058 Ledie 5 Ao Legin 0688 Al (8 claguiany ae (pjle Jeli vie 43l (5,5 ¢ 5 pala sl (518 Caa
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According to Avogadro's law, when two gases react with each other, they are in a simple
ratio. When the product is a gas, its volume is also related to the volumes of the reactants
in simple ratios.

:omn sl Al s ge Gensouedl liyda Jeld e Lise¥) juasd (i il (Jial duw e s For
example, suppose ammonia is prepared from the reaction of hydrogen molecules with
nitrogen molecules:

Min

3Ha(g) + Na(g) — 2NHs(g)
3mol 1mol 2mol
i€y 33 s gl 0l JLall Y 50 230 e sl <l ) s i casnall 55 ) jall A )0 sl ie A3V
A oY)
Because at constant temperature and pressure, the volumes of gases are directly
proportional to the number of moles of gases present. We can now write:
3Ha(g) + No(g) —  2NHs(g)
3 volume Ivolume 2 volume
sasiall cpa s il s aa g uel) ) (E) Wise¥) danis o113 & Ganos il ) nassuel) aaa A
5-14 JSE0 8 munse sa LS D1 51402 rn (ke liiall)
The ratio of the volume of hydrogen to nitrogen is 3:1, and the ratio of ammonia (the

product) to combined hydrogen and nitrogen (the reactants) is 2:4, or 1:2, as shown in
Figure 5-14.

uug+‘_.r€(.€

3H,(g) N,(2) — 2NHa(g)

3 molecules I molecule —_— 2 molecules

3 moles 1 mole —_— 2 moles

+ + + 4+

I volume = 2 volumes

otbaasSl Jelail) b ) ana G A8l 15214 JSA
Figure 5-14: The relationship between the volume of gases in a chemical reaction.

3 volumes

The Ideal Gas Law Alall ) ¢y g8

Let's summarize the gas laws we've learned: lgale L jad Al Gl ) ) 8 paddi L

Boyle's Law: When n and T are constant Tsn st e 1dise o508
1
V «—

P ., - -~

Charles' Law: When n and P are constant Psn &gl aie (Jol o508
VT

Avogadro's Law: When P and T are constant Ts P Cssidie 15 pala 8l (538
Vaxn

«L.\_)Ld\ é}LMWJMJL&A‘;& (_JAAA.\.‘J:\.IM‘ 0l GAJLL\SA..}
We can combine all three expressions to form a single master equation for the behavior
of gases:

nT
V x —
P
nT
V=R—
P
PV =nRT
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where R is a constant of proportionality, also called the gas constant. The previous equation is
called the ideal gas equation, which describes the relationship between the four variables: P,
V, T, and n. The following table shows the numerical values of R in different pressure units:

L.atm

0.0821
mol. K

L.kPa
mol. K

8.314

L.mmHg 2.4

mol. K
r Al JSal 8 e ge LS LgidBlie a3 ) Adaguad) Sl (il 8 e (s sing A W) ¢ 98 Gl TaaY
Note that the ideal gas law contains the simple gas laws discussed as shown in the
following figure:

| PV = nRT |

constant constant constant

nand T h and P Pand T
nRT nRT il
V= V= V=
P > I
1
Voo p Ve T Voeen

Boyles Law | | Charless Law | Avogadro’s Law |
dige Osi JUMd gt s gbl sl
:5-6
oS \.J}.Q 6.0 atm&ibﬁu'aj 70_O°C3)\)A:t+).).i\c _\;\J}Jw ;b)&d\)wB)AO\)Lﬁ
icwald B jlall oY ge 220 Cara A jlall Y ge 22e
BsAop )W eSO e g
L8l b ol e Sle JSisall sl b
Exercise 5-6:
Two gases A and B are confined in a container with a volume of one liter at a
temperature of 70.0°C and a total pressure of 6.0 atm. If the number of moles of gas A
1s twice the number of moles of gas B, calculate:
a. The number of moles of gases A and B.
b. The partial pressure of each of the two gases in the mixture.
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The Ideal Gas Law - Molar Mass and Density 43Ul g 4. gal) 4L - Al ) ¢ 6ild
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The ideal gas law can be used to find any of the four variables P, V, T, and n, if the other three
values are known. The equation PV = nRT can also be rearranged to calculate the molar mass

and density of a gas sample.

10 ) w355 L Aigal (M) Al el GBS sl 1 il a1 ¢y 5t 5 A gl ALY
Molar Mass and the Ideal Gas Law: To find the molar mass (M) of a gas sample, use the

following law:
_ mRT

PV

(0l aadi e Al (D) ALY sl o Jlal) ) ¢ gild g ABUSY)

Density and the Ideal Gas Law: To find the density (D) of a gas sample, use the following law:
MP

RT
Dalton's law of partial pressures Ay sl b gudall ) gilla (58
5 s S 3 e daglad KU dascall A Jad) Ja grudall ¢y g1l 0 gy e () 538 A8 Lpay (o 5l Al
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Dalton formulated a law called Dalton's Law of Partial Pressures: The total
pressure of a mixture of gases equals the sum of the partial pressures of each gas
in the mixture, provided there is no chemical reaction between them.

BJ\M\@JJ}M\QQ Pr=Pi+P,+P3+....
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Figure 5-15: Schematic illustration of Dalton’s law of partial pressures.
A8 (o X Sall sl oy P IS Jaiall Gn shaey 3le N1 Py 5 bl Jniall slay] (a5
The partial pressure P; of each gas can be found by knowing the total pressure Pt
and the mole fraction of the gas X; from the relationship:
Pi=XiPr
:5-7 quu

C3Hs (2 0.116 mol s CoHg < 0.421 mol s CHa ¢« 8.24 mol Ao s 5ia3 oandall jlall (e die

$C3Hs Olsod) Jal Sl laacall a8 & Leé 1.37 atm (sl I el Ladad KU Laauall (S 1)
Exercise 5-7:
A sample of natural gas contains 8.24 mol of CH4, 0.421 mol of C;Hs, and
0.116mol of C3Hs. If the total pressure of the gas mixture is 1.37 atm, what is the

partial pressure of propane gas C3Hg?
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When the product of a chemical reaction is a gas, the gas is collected above water. For
example, suppose we use the reaction of zinc with hydrochloric acid to produce
hydrogen gas:
Zn(s) + 2HCl(aq) — ZnClx(aq) + Ha(g)
sl e 300 ¢ g ohel) Jle (3 aie 5216 JSAN (8 a sall Jie Jlea S i LiSad ¢ Slall apen]
@l s Yy elall e Jeliy ¥ aandll Sl o (al y) e 45 Hlall 038 a5 aanill 555 )8 8 aany g
Lxiall 8 Gl oLl jla & Jiay Jy G A8y Hhall o3¢0 pendll (g el Jle S Y elall b aie dpaS
relall iy i s ol ook oo Geoleall ruall ¢ gana (g sl S
To collect the gas, we can set up a device like the one shown in Figure 5-16. As the
hydrogen gas is formed, it flows through the water and collects in a collecting flask.
This method assumes that the collected gas does not react with the water and that no
amount of it dissolves in the water. The hydrogen gas collected in this way is not pure;
it mixes with water vapor, so the total pressure equals the sum of the pressures exerted
by the hydrogen and the water vapor:
) PT = PHZ + PH20 o
AUl S AeS Gilus die el s e Gﬁ\.ﬂ\ Laall Hlueall 30 Gl oy ey e clug
Therefore, we must take into account the pressure exerted by the water vapor when
calculating the amount of oxygen produced.
& J Ve J ¢

~H,

Hz(g) + H20 (g)

slall (358 Jlall pen :5-16 JSil)
Figure 5-16: Collecting a Gas over Water

28

ibgll alualyllg aglell slialgl



S ek NSMO
‘ 158
sie il kY e ana IS oLl (55b a spali sl )y oIS SKE e i) eanSY) e men o
Lia o) Ll $lgman a3 ) eV ABS Canal | 128 mL b sbase 762 mmHg s sa baxaa 5 24°C
22.4 mmHg (s st 24°C 2ie Lol i
Exercise 5-8:
Oxygen gas produced by the decomposition of potassium chlorate was collected
over water. The volume of oxygen gas produced at 24°C and an atmospheric
pressure of 762 mmHg was 128 mL. Calculate the mass of oxygen collected.
Consider that the vapor pressure of water at 24°C 1s 22.4 mmHg.

Gas Stoichiometry <) 6l Allatal) bl
Al Jad i) il 5 e liiall (el jaldly) JISI 5 (J sally) eSS 28l o) 32 Y] 3 Ladia
u_\\_\.ASS\ O CEMal) ?\J;A.\.u\ LuSA.\ M_}_)L’J\ \.@.ﬂ\; Q’_% C_a\}.\l\ j\ /} Sle el 35.1 Lqmj 4.\)5\5.13\ u\.\w\

Al Ialaiall b eaa g 58 LS ALY (e g 5l 138 Jad Lmgl (V) a5 () ¥ sally
In the previous sections, we used the relationships between the quantities (in moles) and
masses (in grams) of reactants and products to solve stoichiometric calculations
questions. When the reactants and/or products are in their gaseous state, we can also use
the relationships between the quantities in moles (n) and volume (V) to solve this type
of question, as shown in the following diagram:

Jeliid) s il s
(pa> 5l el ja) Jelatal &Y ga Ll Y e (pa> 5l Sl ja)
Amount of - Moles of — | Molesof | — Amount of
reactant (grams or reactant product product (grams
volume) or volume)

:5-9 s
Exercise 5-9:
NaN3 S 1) 5 bl alabaal 55 bl 458 sell (€Y1 8 (NaN3) o seall 205 a2dioy
PP
Sodium azide (NaN3) is used in car airbags. A car collision causes the NaN3 to
disintegrate as follows:
2NaN3(s) — 2Na(s) + 3N2(g)
ol 8 lalaal A sl 2la s e G () (o ol 80 sl (lSY1 el ey sl e iy
NaNj3 = 60.0 g <S& (e iUl 823 mmHg 5¢80°C e Ny Sl ana caval 5530 dga (1
The released nitrogen gas inflates the airbags, separating the driver from the car's
windshield and dashboard. Calculate the volume of N gas produced at 80°C, 823
mmHg, from the disintegration of 60.0 g of NaNG.
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:5-1 X
Exercise 5-1:
1.b

2.b

:5-2 u i
Exercise 5-2:
Vi=1.17L

:5-3 qu
Exercise 5-3:
T,=1925 K

:5-4 u
Exercise 5-4:
T, =273 °C

:5-5 @
Exercise 5-5:
-156.5 °C

:5-6 X
Exercise 5-6:
a. n(A) =0.142 mol and n(B) = 0.071 mol

b. PAo=4.0 atm and Pg = 2.0 atm

:5-7 qus
Exercise 5-7:
Ppropane =0.0181 atm

:5-8 cu
Exercise 5-8:
m(0O2)=0.164 g

:5-9 u
Exercise 5-9:
V(N2)=37.0L
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Intermolecular forces i ) G s 68

o2 il 5 el 3all Uyt o peaill e Al g pusal) (a5 el Jall G a5 68 o Ak 3ad) (o 8
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Intermolecular forces are the forces of attraction between molecules. They are responsible
for the non-ideal behavior of gases, and their effect is stronger in the liquid and solid states.
There are also other forces called intramolecular forces, which hold the particles of a
substance together through ionic, covalent, or metallic bonds.
Intramolecular forces keep the atoms bonded within a single molecule, while
intermolecular forces are responsible for the general and physical properties of a substance,
such as its melting and boiling points
JE il il A 5300 48U G aa8 A Sad) Jasl i (5 58 (g Clmaal At sall G (5 580 (8 cale JS g
(Olall da 5o die clal) (e Jse paal A8 4] KT Sliad ailiy ja Jaks a5 )l o1 A 33U 48U (g
oSt sl e iy ) oLl m 3 1 5l 930 K ) i Lits OH 5.5 () o1 (515
5l (5 581 e il A 3501 AL 3L 3haaf i €l i i 5 syl ot s 5805 58 500
Cm o8l e pa ST A Balall Ay el G (o 58 A il 1Y) S A 5Ll A ) saladl Jga off J8
e Ll iy 13 5 B 53l (e da s e el A sl e daa of ias 138 B salall iy all
AMay e 5 etV A o o)) decans e Gl al) sl 4 gaa @lia il LSS ¢ jlgaiy) da
Al On sl Aag Baly o salall jlgai¥) da )
In general, intermolecular forces are weaker than intramolecular forces.
The energy required to vaporize a liquid is therefore much less than the energy needed to
break the bonds within its molecules.
For example, about 41 kJ of energy is enough to vaporize one mole of water at its boiling
point, but breaking the two O—H bonds in one mole of water requires about 930 kJ.
The boiling points of substances reflect the strength of their intermolecular forces.
At the boiling point, a substance must be supplied with enough energy to overcome the
intermolecular forces before it can change into the gaseous state.
For instance, if substance A has stronger intermolecular forces than substance B, then the
boiling point of A will be higher than that of B.
The same idea applies to the melting point: the harder it is to separate the molecules from
one another, the higher the melting point.
In general, the melting point of a substance increases as the intermolecular forces become
stronger
O Adliaal) £ ) Al 5o Lle oy ddlal) Al o A gl Al 8 CilS ) g 3l sall (gl 53 A paal g
el (5 8 Lo () il allay Llaad s il (g 68 5 ccaladl) Al (5 6l) 1 a5 ¢y hal) G (58
T U5 T pemlind) im0 48550 O ol 15 05 581 (o 5 gm0l )l 5
To know the properties of materials, whether they are in a fluid state or in a rigid state, we
must study the different types of intermolecular forces, which are: dipole, dispersion forces,
sometimes called van der Waal forces, and hydrogen bonds, which are the strongest types
of intermolecular forces, because only some elements are involved in them.
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Dipole forces are the forces of attraction that exist between polar molecules, that is,
between molecules that carry polar momentum, and the basis of these forces is electrostatic.
Lol cdbeall salall & ddadl) iy jall oladl 6-1 JSl) jeday 558l o2 dad il ¢ ahaill a3l 0 ) LS
Om it Sl ) Jsasll oy of 58 peally didiall (g LS dlulaia JS8 6% Y 4ild Jil gl b
Lo ddy Hhay gdlilaal JUA (e Gy 3ol
The greater the polar momentum, the greater the value of that force. Figure 6-1 shows
the orientation of the polar molecules in the solid, but in liquids it is not as coherent as
in solids, and the important thing is that the greatest attraction between the molecules is
reached by aligning them in some way.

alail) A0 iy sl Caldlanal:6-] JSA
Figure 6-1:Alignment of dipole molecules

Dispersion Forces il g 68
ALK 3 diige dal)) e ddmaall (58l oda gty Aphadll pe il jal) o Las ddmn Qe (58
~ Y bl Y A g(oal) (58 Ulal il (g8 aais s iSIY) anall & g ST

(Al o2 Caia s (e Jl OIS S Gl T b (S )
These are weak gravitational forces that arise between nonpolar molecules, and these weak
forces are caused by a temporary displacement in the density of electrons in electronic
clouds, and the scattering forces are sometimes known as the London forces, after the
German-American physicist Fritz London, who was the first to describe these forces.
Lo ¥ g - AY) (e Laaaal Gl e o i Ladied 400 ¢ 5SKIY) Canal) JA08 Al il g iKY AS ja o Cuag
WS maatd AV s 3all Ao K Cnidl ae LT LadaaY A5 5SIY) Cnd) b leganbiad 2ic
A8 o (5 a JS JSd (s AY) G g (B S Ay Y Alas JST- Aaall g1 - 3153 JS Jm il 5 sl
clinil) ghlie G A CHii o 08 LIS (any (pe Lguiany 438 pall (U il (ol 81 dic 5 208 e Ayl
ol Al daliadl)
Since the electrons are always moving within the electron clouds, when two molecules
come close to each other, especially when they collide, the electron clouds of one of them
repulsively with the electron clouds of the other, so that the density of electrons around
each nucleus becomes even momentarily greater than the other, forming a temporary
dipole. When the temporary dipoles come close to each other, weak scattering forces are
created between the different charge regions of the dipoles.

\ 2\
6‘ ‘;....C.'.'.... 6- 6' :‘
B/ walsd ___/
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8 gl Al s ) (5 B 3 ol 162 IS

Figure 6-2: Attraction in the scattering forces due to temporary polarity
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The scattering forces arise between all the particles, but they are affected by the size of
the particles, as they are weak in small particles, so the larger the particle size, the
stronger the scattering forces become, and their effect increases with the increase in the
molar weight and thus the number of electrons. For example, the dispersion forces
between iodine molecules are stronger than the dispersion forces between bromine
molecules in the halogen group.
6-1 JLa
ALY LS el s O B2 sl Dl sall o 58 (g 1580) £ 5 L
Example 6-1
What are the type(s) of intermolecular forces between the following pairs of
compounds:
CsHs <NH3 (d) I»,NOs3 (¢) CBrs<«Cly (b) H2S¢ HBr (a)
CUaEY) s e 5 ke iy all o 83 s sall dlaill (o 58 (b (@Al lakad (LS 5 H,S 5 HBr (a)
il g 8 Adl)
LS (5 8 e B le Gl jall 83 ga gall (5818 N unlad e LS 36 CBry 5 Cla (b)
Al e el ) i) ookl e esia sed A Jilaie 3 M) U e 3a a5l NO3 5 I ()
i 5 8 oo 3 ke NO3 Osils I om 32 5a 5all
i il (o B A sall (o 8l ()5Sl ()] okl e CeHegs ¢ 28 NH3 (d)
A A sl 8 4 5a o s (21 5) g 8 SY 262 e
Example 6-2: Mention the type(s) of intermolecular forces in the following materials:
(a) LiF  (b) CHs (c) SO2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Hydrogen bond diia g yagl) Aday )

292 g bale A gall AT 33l 3o gy sall Jgand) S8 3aa) ol Ae ganall 8 Agaliiall LS jall lle da 3 ol 33
il o g8 a5 ) sa ) i ALY aae g 8al ) lalid) Aa o 53l el s
The boiling point of similar compounds in a single group in the periodic table usually
increases with an increase in molar mass, and this increase in boiling point is due to an
increase in the number of electrons that increase the dispersion forces.
G Y s (B 6-3 JSA (B i ge a LaS BN o &l 14 Ao senall (B s pued) DS e )
Dbesall 138 171615 1 Dle sanall palic (o o s el CUS 5a
The hydrogen compounds in group 14 follow this increase, as shown in Figure 6-3,
while the hydrogen compounds of group elements: 15,16,17 do not follow this pathway.
oSe e (NH3cH20 (HF) <aa¥) LS all e W) gl da o 055 ecile sanall sda (ge Al IS 3
Lo A panall b (5 AV LSl ga & e LS yall 038 (ppp oilail (5 8 1 25ms 130 5 ¢ a5 Lan
O sou B3 e D Al bl AU (o 8 (e dald Al g i g el Adayl ) (558l o8 e
calei LS5 F-H 51 O-H sl N-H Jie 4kl ddayl 5l 8 LS ciglle 4l s j6S Q33 a3 )3 ae ddai 1o
s Jsaall a8 el W F e O« N @l gl
In each of these groups, the higher boiling point of the lighter compounds (HF, H>O,
NHs) is the opposite of what would be expected, and this is due to the forces of attraction
between these compounds compared to other compounds in the same group. These
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forces are called hydrogen bonds: it is a special case of dipole forces that occur with a
hydrogen atom bonded to a small atom with a high electronegativity, as in a polar bond
such as N-H, O-H or F-H. As we know, the atoms N, 0, F have the highest
electronegativity in the periodic table.

100 } H,0

Group 16

HF

=
[

H,Te
~_® ShH;
HI

Group 17

NH;®__

Boiling point (C)

Group 15 e SnH,

7 ““,J ,,,,,,,,“,,,,,
s __—
100 |— PH3 S G ‘

(C)olal) 4 5o

A
— SiHg4
Group 14

CH,e

~200 L !

1
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3 4
Period EJ}JK\

O 5ol DS el Gl Cla 53 16-3 JSA)
Figure 6-3: Boiling Points of Hydrogen Compounds

This attraction can be written as follows: :3¥) JS&l e Cadlail) 13 iy of ¢Sy 5

N A
/O"-., \,-"O\
H, H H
po
H H

6-3 Jia
Colall e din sy Al ) 035 o S 48Y) LS all G (4
Example 6-3
Which of the following compounds can have a hydrogen bond with water?
Na® ¢<HCOOH <F ¢« CHs ¢« CH30OCH3
CH30CH;3 (e S 0583 38 (S5 el ae dian 5 3 4ol ) Nat 5 CHu e sl 058 O (8 Y g
slall ae dxin 5 )2 ddasl ) HCOOH ¢F- ¢
Solution: Neither CHs4 or Na® can have a hydrogen bond with water. But both
CH30CH;3 « F <HCOOH may have a hydrogen bond with water
A e Aan g 3 Ada) ) (53S0 O S V) LS )l (g g1 26-4 0
Example 6-4: Which of the following compounds can have a hydrogen bond with the same:
(a) CH;OH (b) CesHe (C) HoS o
Properties of Liquids Sl gl Ll A
gl Bigea Gl 53 ) (5255 iy Sl (o s S
Intermolecular forces lead to certain properties of liquids.
(il ) Gl A aal (1
The most important properties of fluids are:
Density 43Usy -]
@A) oLl Al 8 ) Jil sl AES (e e daliall o gall 8US G LaS el Al AES (e e Jil saall 435S
Al 3y 38 g celal) o Bl gilay Cua A gpudl a8 4S8US e J8T 0l Al 8 4s8liS ol Sy
Laany (pe <y Sl o)l ey 215 AN Mg (63 il iyl £l
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The density of liquids is higher than the density of their vapors, and the density of solids
is higher than the density of liquids, except in the case of water, which is characterized by
its density in the case of hardness is lower than its density in the case of liquidity, where
ice floats on the water, and this may be due to the orderly construction of the three-
dimensional ice, which prevents the convergence of the molecules from each other.

Surface Tension (bl 561 -2

5 98l Aiana (8 )M clgmraa CalalaiV) & duinll A4 jall (o 68l Jrdy Jilad) Jala <l jall Sda asl Ca ¥yl

Lo i) s ol e 3 iy sl g (o 5l 038 585 5 0l a5 Y il ) (i clasie 5 T im0 55
O elde uis} C.L....J\ Dbl ) ©25

It is defined as the attraction of molecules inside a liquid by intermolecular forces in all
directions, so the sum of the forces is zero. The molecules do not move, and these forces
attract the molecules on the surface downwards, causing the surface to compress like a
flexible membrane.
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Pl Pooewts Figure 6-4: Surface tension
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Cohesion and adhesion (&bl g dlalail) -3
(sl 5 elall) dgaliiall iy 3l o Il a5 celulall s 68
(s elall) Agliiall e iy sall (@Il (e 8 jle (A5 (3l (5 8
Coherent forces, which are the attraction between similar molecules (water and water)
The forces of adhes‘ion, which is the attraction between dissimilar molecples (water and glass)
oy b LS st b o DI colall 8 LS el (5 58 (a ST Guadlill (5 58 i€ 13
e Jildl dans
o 8 058 581 (8 330 (5 sinse (8 3830 (o8 LS 3u i) 5 58 (e ST sl (5 58 S 13) Ll
Gm@bﬂ\chuw} ‘cbﬁ‘&&M‘
If the adhesion forces are greater than the cohesive forces as in water, the liquid will rise in the
pipe as it is and the surface of the liquid will become concave.
If the cohesive forces are greater than the bonding forces as in mercury, the level of mercury
in the tube will be lower than the level in the vessel, and the surface of the liquid will become
convex.
Viscosity 4a g3l -4
Ran @l WSy Aysmea ST Il s el e gl a3 WIS Gl sall el A slie
iy ol DSl i) Ay o) s il 300 LS A 5 00 8 ) )
It is the resistance of the fluid to flow. The higher the viscosity, the harder the fluid
becomes. The higher the temperature, the lower the viscosity. The viscosity is also
affected by the intermolecular forces and the shapes of molecules.
fluidity 4= sl -5
e Ua ale 3l sadl ol s calpaniW g LI LB Gy ¢ a) g el e il saall 5l 5lad) Caias
0555 13¢5 ecalani¥) Alee 3 iyl (s s s JA5 s Al 5 g 51yl i3 el A L)
) <l 3 e Ao gra JAT ) gl
Gases and liquids are classified as fluids because of their ability to diffuse and flow. Liquids
typically flow more slowly than gases at the same temperature due to the intermolecular
forces involved in the flow process; therefore, liquids are less fluid than gases.
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Solids are classified into: crystalline and non-crystalline. Ice is a crystalline solid, highly
arranged, solid, and its ions, molecules, or atoms have specific locations, arranged in a
regular geometrical order. Amorphous steel, like glass, lacks a definite arrangement
and long-term regularity as well.
Crystalline solids 4, shl) Al 3 gall
il B3y 5 cAdlidia 5yl A5 axa (3550 Ay 5 sl RS J213 ilapeand) 555 caleall 555101
S Ll (e e z3 g Jiad Capa st Ll Jamy Ay ) 51 A3 8 <A s 5 el
In a solid crystal, the particles within the crystal lattice are arranged to form a cube in
three different ways, and the unit cell represents the smallest arrangement of atoms in
the crystal lattice that bears the same symmetry, as it represents a miniature model of
the larger construction.
o 2l Leman aa (3 slaadll g AUSH 5 ¢ jlat) da a Jie 4y 5Ll o) sall al i g ¢ Al s 3l ()
b ey 53 ilST 8 pun el (s 8 5 T 55 sl s g 8 ksl Claguand G A T (58
Al sl cdpealid ol di ha ol sl
The structure and properties of crystalline materials such as melting point, density, and
hardness are all determined by the forces of attraction between small particles. A crystal
is classified according to the type of bonding/attractive forces, whether they are atomic,
1onic, molecular, covalent, or metallic.

4 sl dalall ol sall £ i
Types of Crystalline Solids
Al Al Alall ailad Slasall 3aa & sil
Examples Solid-state properties Particle Unit Type
palic
X - LT o C'_i\‘).ﬂ\ 40y
Group Soft to very soft, poor conductivity, low .
. ) Atoms atomic
Elements melting point.
18
Joa ¢ill 3403 5 (dnss Leail da j) (Ada ddia . .
NaCL | ian weing painh pour sl vt
KBr ’ > ST IMTINE POIIL, p Ions Ionic
conductivity.
*EI g s‘)\.g_.a.'\y‘;\.;‘)dgézﬁjuh eolll ddass gia
I , H>O d:‘*"}ﬂ‘ SEPNWEN ‘*—‘-‘-‘P
,CO2 Medium soft, varying in melting point, poor Particles Molecular
conductivity
_— . . . 2 ALl
)éjl(;g Very hard, }éi)gr?dumcetisﬁg point, poor Atoms are bonded | Network
2 Y- by covalent bonds | covalent
il g ST Le Jayssy il AN
LB)M:\LB‘M}\ASAJLQ_AAJ‘:\AJJ‘M‘;}M XSJAJ\E)A-“}Q\SAJ\
@1:\ Jaa 51 5 e el Atoms are 4%
J:').m‘ Soft to hard, varying melting point, surrounded by free- | Metallic
) malleable and ductile, excellent conductivity | moving valence
electrons
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Solids are more stable when crystallized. But if a solid is formed quickly (e.g. a liquid
cools rapidly), atoms or molecules don't have enough time to arrange each other, and
then they can be fixed in locations different from their specific locations. The resulting
solid is called an amorphous solid. These non-crystalline solids, such as glass, rubber,
and a lot of plastics, lack the usual arrangement in all three dimensions.
Mixtures & Solutions Jallaal) g Jaallaiall
AilanS Lpuailiady 4y 55 €S LG Bale JS 438 Ladiad ¢ ST 6l (iole (e o e 52 2da glial)
Mixture: It is a mixture of two or more substances, in which the material that was
involved in its formation retains its chemical properties.
Types of mixtures: shaallaall &‘353
souilatiall b glial) oY ol
el Ladlaall (o s el S (el (S W Cupmy S ) ) 40U 58 o i Ja glaa g8
Ll e Limy) Jas g 9o culall ccaliall g cudall Copat ST o cpiala e (o sSE dilaie Jadlia o Jalladll
(Al e ke g Y Al Balall 5 413 sale 53 Al Balall) s ) Aball 0Ll sed ol
sl Al 5l Adlal) e 13l ] 63 Sl 5 AL 5 Adoall Leiad Jallaall (e 32wk g ) 5if llia
First: Homogeneous Mixture:
It is a mixture whose components are so thoroughly mixed that its components cannot
be distinguished, mixtures are known as solutions.
Solutions are homogeneous mixtures consisting of two or more substances known as
solvent and solute, the solvent is the diffuse medium, while the solute is the solid
substance that dissolves (the substance that dissolves is a soluble substance and the
substance that does not dissolve is an insoluble substance).
There are several types of solutions, including solid, liquid, and gaseous, depending on
the physical state of the solvent.
oilaiall e b sliall 1\l
asilaiall e Ladlaall (e ol 53 @llin 5 4t S G Sl (S G (e 43U S 7 i Y Do glie 8
Second: Heterogeneous Mixture:
It is a mixture whose components do not mix together, so that its components can be
distinguished, and there are two types of heterogeneous mixtures:
alasinly clileal) Juad (Saall o  JEIL o gl Clagun (o ST b glacd) Clagun 1 aleal) Jaglial) -1
ol B ey jad 93 <8 513 iaaal g Giiada ) Jiadi g (5 38 all 3 dall 5 s ill g i i)
1- Suspension mixture: The particles of the mixture are larger than those of the
medium; therefore, suspensions can be separated by filtration, sedimentation, or
centrifugation. They separate into two distinct layers if left undisturbed. Example: mud.
DY ol i il ) Bas il 43l S Jiad Sy Vg s 55 Y e sl Aflagus 3 93 Jagliall-2
A 38l A e o Ay 5 pad) Tl (e o) 5l 3ae cllia g ¢ HLEEY) dass 5y o yad T glaall 8 1580 3
LY da gl
Glapall ae dass ol Cilapn adlal LS lgin Lo 48500 5 568 Qilad (5 8 3 g 0 45 jad) Ladlaall e
e Lan 5yl Cilaguan Ly o585 i i) piie AS )n A 5 i sal) AS ally i yay Lo spana 8 58
JEREApE
2- Colloidal mixture: Its particles are medium, they do not precipitate and its
components cannot be separated by marinating or filtration. The most abundant
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substance in the mixture is known as the diffusion medium, and there are several types
of colloidal mixtures that are classified according to the physical condition of the
diffusion medium.
Colloidal mixtures are characterized by the presence of electrostatic forces of attraction
between them, and the particles of the medium collide with the scattered particles,
causing what is known as Brownian motion, which is a violent random movement made
by the scattered particles, which prevents their deposition.
Factors Affecting Solvation Ol (2 8 55all Jal gal)
el Cilapuay ldall Gilapus Aala) dilee oo ol gdl)
Solvation: It is the process in which solvent particles surround solute particles .
8 535 A oY) g Agadal) LS ) (o an Gl clgaladl Cud il o lsill ddee 8 ac) sl aal g
r:}.gd}.aj\ Qhﬁi Mja.ﬁud\ A Gl k_\Uagi s (‘3 SJ)LJ\ chuu PN Gl (;\J.Lm\ d,})la oe celall
elall iy Ja adaat Ladind ccadlaill 138 Gaany Y 35 SulS iy jal) LS el (it Lasd 5 ey 5180 il gl
a3l Ll e s sadl (B daS 5 uell de gana s elall il Ja Cpm dain 538 Jand 5 ) (65 a3 ) L) mdany
bl e g kel e lall () G 62 LA Bac ) Gl judy g elall A oy
One of the most important rules in the process of dissolving is that solvents dissolve their
resembles, so we find that polar and ionic compounds dissolve in water, by colliding water
molecules with the surface of the crystal and then the electrodes of the charged water molecules
attract sodium ions and chloride ions, and in the case of molecular compounds such as sucrose,
this attraction does not occur, so when the water molecules collide with the surface crystal
hydrogen bonds are formed between the water molecules and the hydroxyl group in the
molecule. As for oil, it does not dissolve in water, and this explains the previous rule, since
water is polar and oil is non-polar.
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/
H—0 H
: : /
p 29H -
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; H C O _H CH, O H H
He 1A N [ 5 | /
o—c\H H/c\ /c\H H\o/c] H—0
| o | I o
S il
om0 o_ H > M
H P HR N —0
S H o—H H \
W oH=0 / H
\ H
H

i sall 5 48 0¥ S ) (3 ol sl Aylae 1625 SN
Figure 6-5: The process of solubilization in ionic and molecular compounds
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Factors affecting solubility:

1-Stirring: The stirring process allows particles to be moved away from each other, which
speeds up collisions between solute particles and solvent.

2-Surface area: The increase in surface area increases the number of collisions between

particles.
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3-Temperature: The rate of dissolution usually increases with rising temperature because the
particles gain more kinetic energy, which leads to more frequent collisions. However, the
solubility of some substances, including gases, decreases as the temperature increases.

Adma byl s da 0 die cudall (e Badne S A QX ) S QI (e daaS 2l o Al

Solubility: The maximum amount of solute that can be dissolved in a specific amount of
solvent over a given temperature.

Mil

Aalide 3 ) s Gla o die N gall (e 0= Al Jiada 166 JSE
Figure 6-6: Solubility curve of a number of materials
at different temperatures
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Depending on the amount of solute present in the solution, we have three types of
solutions:
Unsaturated solution: contains less solute
Saturated solution: It contains the largest amount of solute dissolved in a specific amount of
solvent.
Supersaturated solution: It contains a greater amount of solute as compared to a saturated
solution.
The supersaturated solution can be prepared by preparing a saturated solution at high degrees
and then letting it cool gradually and slowly, the supersaturated solution is not stable, when a
crystallization nucleus is added to a supersaturated solution, the excess solute is deposited
forming crystals, as well as crystallization can occur by scraping the inside of the vessel.
Solubility of Gases <l Jlad) Al
3oloall Cila a3 e dad yall 5 jall Gla py die g KU ST P CpaaSY) @O Al Ja
Sl Ll 13a janadi aadatod Ja ABLL) Cludall A 413 4 5Ll o) sall asead a8 gia o sl 138 5 Aaddial)
il o vie ST A g Jslaal) e il i il ilapnll mand Ll Cilasad 4 jal) A8 of 3
(5B Il Aald i J glaall 3 ) ja Aa jo ) ) LalS Gllil g 2as yall 5 ) 5al)
The solubility of oxygen and carbon dioxide decreases at higher temperatures compared to
lower temperatures. This is expected behavior for all gaseous substances dissolved in liquid
solvents. Can you explain this behavior? Remember that the kinetic energy of gas particles
allows them to escape or escape from the solution more easily at higher temperatures.
Therefore, the higher the temperature of the solution, the lower the solubility of the gaseous
solute.
Pressure and Henry's Law AR Qg8 g bl
S L) Al @l Jslaall (358 Janall ol ) Lalka ¢ Jallaall & 200000 4 5ladl o) gall 20003 8 Janiall i
sl (g3 I (5o S T 5 5l e (5 5a3 ad thasall 138 e 2 ) il g sl aaind b sl
SN sl 30 5le Tk )5Sy (ol g pdall e i ie g (g gad) Jarall e e f o cand il
Al A @8l 5l dasall (g el ddal) Ja
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Pressure affects the solubility of gaseous substances dissolved in solutions; the higher the
pressure above the solution, the greater the solubility of the gas in any solvent. Carbonated
drinks operate on this principle; they contain carbon dioxide dissolved in an aqueous solution
under pressure higher than atmospheric pressure. When a can of carbonated drink is opened,
the pressure of the carbon dioxide inside the can is higher than the pressure outside the can.
JIdl (398 3 g2 gall (P) Slad) Jaiia e G pda G (S) Jilas (A Slad) Ay i ' e (g yia o 8 Gy
Slo Jstaall (55 @il sl Taaall Jomy eAilaa (g 5all g puiall 3y 9 )18 (5555 Ladind "5 ) jall A ya gl e

ok LS A3 o3 Jias (s Jlaal) 8 I3 ¢ SH 3] 5 e ol
Henry's Law states that "the solubility of a gas in a liquid (S) is directly proportional to
the pressure (P) of the gas above the liquid at a constant temperature." When the bottle
of soft drink is closed, the pressure above the solution keeps the carbon dioxide
dissolved. This relationship can be represented as:
S1_ 5
P, P,
Solution Concentration Jolaal) s 5
Jlaall s cudall (g 3asae 4aaS 8 I QI A0S o pany (ibie 1 slaal) 383
Solution Concentration: A measure that expresses the amount of solute dissolved in a specific
amount of solvent or solution
Gkl e e iy BeS gl (e 51 138 ) Uba s 385l o il (S 2 Sl g8 ) A
Il g i G 2133500 il Ay ol 3383 (S5 S 5SS e and 3
How to express concentration: Concentration can be expressed descriptively (concentrated
or diluted) or quantitatively using a number of methods that quantitatively express
concentration and the appropriate method for use can be determined depending on the type of
solution.

ol SE Mty
Focus Description

Mass of solute

Percentage by mass = — X 100 i ) i
ge by Mass of solution %m/mAbiKIlL 4, giall daual)
RS A i)l dl) = el AL % 100 Percentage in terms of mass
Jglaa) 4l
p tage b | Volume of solute 100
ercentage by volume = X i .
ge by Volume of solution 0ov/vaseaall & sal) Al
Gl as .
sl i il Al = p= % 100 Percentage in terms of volume
Jsladl ana
M moles of solute
~ liters of solution M (oY sl S 5l &Y al)
. e Molarity (molar concentration
(Y sall 38 5 B Y el = y( )
Al Jslaall s
moles of solute
m=
mass of solvent (kg) m (Y sl 38 ) 4V sl
. Gl @Y ga 220 Molality (molal concentration
(5l 35 5 249l = " v )
el shSIL ) Al
nNp
Xp=——m
Na + ng Q}d\ )MSS\
. (A) O3Sl &Y 5a 200 Molar fraction
(A)o3Sal (ol sl =

AL Sl apaad AV gall 22e & gana
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Example 6-5: :6-5J4

Ll e o sl sl (00 2,80 g (o (5 st sl sall 3y ) 51S 5 gausli sl iy 1S (5 5,00 g 43ES Lol

CLadall 138 8 o gl sall 2y 5L AHH 2 gial

A 5.00 g mixture of potassium sulfide and potassium chloride contains 2.80 g
potassium. What percentage by mass of the mixture is potassium sulfide?

A B C D
13.8% 19.2% 44.0% 96.1%
m; +m, =5.00g

39.10 x 2 39.10

2, =2,
3910 X 2+32.06 ™ T 7255 M2 = 2808

we get m; =0:99 gand mx =4:01 g.

099¢

5.00g
Example 6-6: 16-6 JUa
O 1.000 dm? 8 4aabaial cany ) ( RTP dnlad) cagpall vie ) dm? sas s Lisad) e ana L
£0.957 g/em? 4888 <l 1) Jlad) ans e €10 m/m% Jslae spaadl jlaiall oLl
How many dm?® ammonia gas ( under RTP conditions ) should be absorbed in 1.000 dm?
distilled water so as to prepare a 10 m/m% solution? what will be the volume of the

solution if its density is 0.957 g/cm?>?

X 100.0% = 19.2%

Colligative Properties of Solutions Jellaall daalad) (el i)
gt Gy 3l llaguun 23m 5 Jilaall A3 58 Gl 52 ¢ Jilaall daalad ol g3
Lol cdeatll da 0 & QmURY) (bl da oy b gLV o laal Daall & (mliaiy) e
REBTIW
Aggregate properties of solutions: The physical properties of solutions are affected
by the number of particles in the solution and not by their nature.
They include: decrease in vapor pressure, high boiling temperature, decrease in
freezing, osmotic pressure. )
A 18 53 LS Al Jllad) (g e 58 llia - Sl
303518 Jlia ¢ Al J gl Al dlaguss 200 a5 o il oS L o ) )5S0 ilie o) g -]
NaCl = 1 mol o= Y CI' 5 Nat Classal) (00 2 mol 55 o 533 goaall
ol Jslaall 8 g8 L Y sall aae iy (SLyeSU lall Jua 3 V) Ailic ye o) 5a -2
Let us remember: There are two types of aqueous solutions as we knew earlier:
1- Electrolytic ionized substances (conducting electric current), the number of
particles produced in an aqueous solution change, e.g. sodium chloride produces
2 mol of Na" and CI particles instead of 1 mol of NaCl.
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2- Non-ionized materials (do not conduct electricity) so that the number of moles

remains the same in the aqueous solution.
B il ‘”,A oalddy) Y gl

Glas sle 5 g3 alile pa Saliny 1 3 Al b ()5S Latie Jilal) iy cje i) Jaraal) a3 (g i) ebal
dﬂ\})&ﬂ\@cw&}ww\a& m)cﬁu&)ﬁj\ﬁh‘)dﬁ
b ) Slapen 230 ) LS eliall 38 555 cudall ApaS il iz Ul Tl & (2l
dall 5ol Tarazall (8 J slaall
First: Decrease in vapor pressure
Vapor pressure: The pressure produced by the vapor of a liquid when it is in dynamic
equilibrium with its liquid in a closed vessel at a constant temperature and pressure, at
which point the velocities of evaporation and condensation are equal.
Vapor Pressure Lowering: Assuming the amount of solvent and the solute concentration
are constant, the greater the number of solute particles in the solution, the lower the
solvent’s vapor pressure.

® «

) ) oo & Q)QO

) s e t-; )

PPl - e g ¥

;;B'&:‘-!“’b s&‘,& |
28553t 1N

oAl Ll x a5l o Gae Lat 2000 i) il yall Gy 16-7 U
Example 6-7 : Arrange the following ionized compounds in ascending order
according to their effect on vapor pressure:
(a) NaSO4 (b)) AICI;  (c) NaCl
b & aac il
Solution: ¢ ,a, thenb
LB da 3 A gl Y oLl
_L;};‘\M\CAL;)B:\MM\Lﬁédd\aﬁgé‘ﬁ)\)ﬂ\&;)dgﬁ :OW\;\;J.\
8 el e s a5 Jslaall e A 3 G G e 1olilil da ja A g Y
Second: Boiling Point Elevation:
Boiling Point: The temperature at which the vapor pressure is equivalent to the
atmospheric pressure.
Boiling Point Elevation: It is the difference between the boiling point of a solution
and the boiling point of a pure solvent.
ATy =Kp X m )
saadll Aoy & (aldady) (U
A bl saa Ay s Jslaall dend a3 (s (3
Third: Freezing Point Depression:
The difference between the freezing point of the solution and the degree of freezing of
the pure solvent.
ATr=Ksxm
& el el daile 30l 4dia 5 33le « CHR(OH)CH2(OH) ,EG JsS0ka Gl Jarivy :6-8 JUia
Jslaall 2eat da jd caual (197°C okl Aa j2) e o )8 pllaia ye g celadl (3 400D a5 el L)
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L 62.01 g sk JsS3la Gl A sal) AL S piall
Example 6-8: Ethylene glycol EG, CH2(OH)CH>(OH), usually used as a water
antifreeze agent in automobiles, is water-soluble, and is fairly non-volatile (boiling
point 197°C). Calculate the freezing point of a solution containing 651 g of this
substance in 2505 g water. Is it useful to keep this substance in your car during the
summer? The molar mass of ethylene glycol is 62.01 g.
Ki=1.86 °C/m , Ky=0.52 °C/m
:Jadl
Aty Jlaall danil) da 5y & aliail) il Lk
We can calculate the reduction in freezing of a solution using
ATe=Ksxm
el e SLSIL Gl LSy FG @Y se 230 cavad O gl Jslaall 40 g0 il
el 2.525 kg ol SLSU () el A1 Jysat o &5 (e JsS000s (B A gal) AL s
o LS Y gall il
To calculate the molar of the solution, we need to calculate the number of moles of
EG and the mass of the solvent in kilograms.
We calculate the molar mass of ethylene glycol. The mass of the solvent is then

converted to 2.525 kg and the molar is calculated as follows:
1mol EG

6519 EG X ————==10.5mol EG
62.07 g EG
kg cudall ABS /el Y ge =AY gall

Molarity = Moles of Solute / Solvent Mass kg
10.5 mol EG
=419m

2.505 Kg H20
ATf=Kf m=(1.86°C/m)(4.19 m)=7.79°C
-7.79°C ie Jslaall aeainnd 0 °C A0 2ie deay A1) elall ()5S0
Since pure water freezes at 0°C , the solution will freeze at -7.79°C
A Aol G L kel da 5o 8 ¢ LY Clus, ki
We can calculate the rise in the boiling point itself according to the following equation:
ATb=Kb m=(0.52°C/m)(4.19 m)=2.2°C
5okd) (8 eaill daslall salally Ll Y) Jead¥) (el ¢ 102.2°C 5 (10042.2 ) vie Arss Jsbaall 0¥
A cpa Ll il Caal o DA
Because the solution will boil at 100+2.2 or 102.2°C, it is best to keep the antifreeze in
the car during the summer to prevent the water from boiling.
3202 g & ( C2HsO2 ) JsSda aliay) (50 478 g (590 J slaad daaill g llall a3 s 16-9J5a
sl
Exercise 6-9: Calculate the boiling and freezing of a solution containing 478 g of
ethylene glycol ( C2HsO: ) in 3202 g water.
Ki=1.86 °C/m , Ky=0.52 °C/m
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Exercise il
6-1 <%

S 5 G goded) 2SgHm A e 30.0% Ao i @l dilsall (8 H0p S5 L

. 111g/em?
What is the concentration of H>O; in a solution that is 30.0% by mass hydrogen
peroxide and has a density of 1.11 g cm??

6-2 <

1.000 (s sbesi 485 50,100 mol/dm? e 3:S 53 b ) oIS s juel) imes Jglaa (30 100 cm? bls o3
.1.010 g/cm3cs s 235 50,100 mol/dm? s 3 y3 dadll & j3 J ddae (10 100 cm? &= g/cm?
e Jolaall Aptad a2y J glaall 138 2 5¥ 50 235 1.015 g/em? A0S LAl Zlee (0 J glaa 68

€08l ol Ul
100 cm? of a solution of hydrochloric acid with a concentration of 0.100 mol/dm?
and a density equal to 1.000 g/cm?® was mixed with 100 cm? of a solution of silver
nitrate with a concentration of 0.100 mol/dm? and a density equal to 1.010 g/cm?.
The mixing process formed a solution with a density of 1.015 g/cm?. Determine
the molarity of this solution after filtering the solution from the precipitate?
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Answer key LY lida
Example ALyl
6-2

il A (5 5 il s B (¢ i (5 8 (b /el A5E 5 B (a
(a) dipole forces/ (b) dispersion forces (c ) dispersion forces and dipole forces

6-4
a
6-6
the mass of the solution formed mg = 1000 g + m(NH;3)
m(NH3) 10 m(NH;3)
= =0.1= = m(NH;) =111.1g
mg 100 1000 + m(NH3)
111.1
nNH3 = W = 6.535 mol
\Y% 24.5dm3
Voa=—— V=n X V, =6.535mol x—— =160.1dm3
n mol
mg = 1000 + 111.1 = 1111.1¢g
_1111.1g 5
Vs = m = 1161 cm
cm3
| 6-9
(i=1)taie ne lie ye JsS0a il Jslase
n=-" ~7701mol e
62.07
Y sl =%‘;;z 2.405m e
AT, = iKym = 0.512 x 2.405 = 1.231°C = T, = 101.23 °C
ATy = iKpm = 1.86 X 2.405 ~ 4.47 °C = Tf ~ —4.47 °C
Exercise il il
A 6-1
30.0%
111 -2 x " —033-L
cm3  100% mL
g 1 1000mL
0.333 — X X = 9.79M
mL  34.01 L
6-2
The reaction : HCl + AgNO3 — AgCl + HNO3
0.1000mol 5 .
nAgN03 = MAgNO3 XV = T X 0.1000dm* = 10 “mol
0.1000mol
Nycr = MHC] XV = T X 01000dm3 = 10_2m01

102 HC1+ 102 AgNO3 — 102 AgCl + 102 HNO3
mAgCl = nAgCl X MW = 10_2 X 143.32 = 14‘332g
10g

mAgN03 = DAgNO3 XV = Cm3 X 100Cm3 = 101g
1.000g
Mycy = DHC] XV = Cm3 X 1OOcm3 = 100g
the solution formed = 100 + 101 — 1.4332 = 199.5668 g
v = ms  199.5668 196.618cm?
sT=D, 1015 ooreem
tunos _ _107mol g g5 g

c = =
HNOs ™ vyno, 0196618 dm?
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ol gyl dSymJl @dslso e dilgll deyully o3l Olusd (b)

From rest, distanced = 1.00 X 102 m = 100 m

23
i sl syl o sl Sl



9oL

st NSMO
d1ogo )
ill &l . : polall sl __ualgl
Mi’r"ﬂstrqu E:Iur:n:wjnqn MaWtha E,ingI uL_lJﬂ‘IJjJIg
1
d= —at2

’d 2(100m)
a  |4.05m/s? ~[705]

:dyilgil eyl |

v=+2ad = J2(4.05 m/s*)(100 m) ~ 28.5 m/s
1§ 6yl dlis U] s ol Wl 1o

doyac) clulo dglb e glegogo «yjgll s Jamu Bg A gBgauall by :dusu lbuin oBgaio (5 yas
F, &xidl 898 10.0 kg disdl 63 gganall Je puilill @3.10.0 kg § 12.0 kg opdgaiall WS cilSy (i3l
odg3uall by s3I Jxsl § il (b) padgiall ¢yl (a) iams! 40.0 N loylado

K,
A B H—>»
12,0 kg 10,0 kg

diglp @51 40.0 N loylsio F, 698 dbuslss sl abuww slxiol Je 10.0 kg aliS §g3iuo camww 163
£l Cousl 0.30 )=l ISl Joloo of poldl (a8l §9930.0°

& dis) 15 G Hlasodl digly 31355 8931 U] duuily Jilo e ploun Je degibgo diS o 4oyl 70 )25
s doSadl S>3l Jolno §35531 130 lodie amy &1 0, d2yal diglill Gulid o 3263 S . &yl

24
sl syl o sl Sl



ot [« VoV ITM)

. NSMO
: d1ogo i
Pl e il éylj - polell sl_ualgl
Mi’!"ﬂStH]OF Erljurr::\Joqn MaWtha glngI uLyathIg

il Al 2.7
2230 oliwe Je @i o9 0.20g Jasas Jawdl U] c93g) gl 300 § 65 kglgiliS 8ly0l bugi -1
@l deyuy amuoall bug losic gliwall 81)8 Lo Syliwall 828 log S8lyall ¢jg bo kg 8259
€2.0m/ssglws

dglall 8)Sl 1015, Jo= b Mo pasiung Jell ] chwg doli deyun Ggauo g8) pasubd Jobu -2
iz &I F 69l laio Lo JSidl § puigo 90 LaS Jawdly 3l 9o dS)ml dbls dulawd] 8,Slg il

SBOON Ggaiall ¢jg oS 131 Jssdl Je lgud yigy of

‘usly 0.10 go $yml I Al Joloo of yoyi81 . 30.0° diglyy Jilall plaunll Jojin dajiall iy -3
4.0 sec x=) lgd] Jaaiw GUl dp3aell deyuull -0 lge b -1

Aglb e TSl 20 kg wiliS Ggaio yiw -4
S 6)35all didgolall 894l daydg Gguall pjglo (o

dy3g0lall 89all dasd 33>.20.0 kg dlisIl 5 Goauall G99 10.0 kg ailsS ;31 Goaio pidg dic (b
Gouall g 35y &I dgolall 8eall clliSy s 20.0 kg disl g3 Ggauall § dgliall lgy 1385 &I
$10.0 kg 95 ;331 Ggauall § 20.0 kg il o3

de sy &y 8Ll OIS 131 8.0 JM5 1100k LgiliS &)l Slayd dojI 89l buwgio jlxéo lo -5
€95 km/h

25
sl syl o sl Sl



S duego
o 199 Mawhiba

Ministry of Education

gouL
NSMO
polall sl yialgi
ibgll cilyalylig

00 0.75 b8 o ljall T8y .ol asuaall Ty losicg @lgio asuan & olisall Je pasu iy -6
bl ol 3359 smuaall g )lud cuus| .ozl Gagdsll ojsll

oy ooyl logiasy e 10.0 M dluo olasin guylas on Lasl cuio "gleo Juo" de J jous -7
JSitd] § pusge 90 LaS il duaiie J) Jud Jad Lesie Jawdl U] @l2)> 10.0° Loyl séo digly Jim|
Sl ells sie Jyml § 2l )yl 3do Lad . 50.0 kg Y dis cils 13)]

&yl £ 5 lus T Gyl o Jisl lgmivam Gl diglill Lo 8yl 81y0 o J3iy Jis dbounlgy 6y @les -8
€6.0s JMs 18.0m/s deyw JI didguall 8)livdl xic oSl oo

=

Selggll doglio Jloo] ge 2.5 kg il 4] Juosw glas)l sadl Lo JSadl § plbill yyo5 dic -9

12m

35kg| |25kg

26
sl il 5 o el el f



It NSMC.D
T duego | sL—ssalgl
A=l ala v whiba ﬁﬁa@hﬂﬁg

Ministry of Education
o oo dyisS) @iy bosgll Jicg 7.00 M/s deyuny 1881 oload Juaid diaie Je o pasub jad) -10

Sblil dsyo Ll ezl go solall e5a0l Je o BLul lgw)los Gl 8gall
:32gl dlis) dlogo lySuly Jimllg IiSis| sl azgy 3 JSidl § -1

G930 JS gyl (B). il § 2l 695 (a)

& pudg0 99 LaS (glallg 8)Sl o digSe) AT plasimly ¥l J] duds clpluidl aghis Jole oy -12
el )1 380 Lo (b) Syl deyung s gain (I Jawdl Jl lgy caowny ol wazy @1 8981 Lo () . JSill
.7.00 X 102 N gglun )l o d8lsill Jole g of yuicl $20% 2 89all 3L sic

©

27
sl il 5 o el el f



Levse 9oL

SR - NSMO
1090 polall sL_salgl

pul _cill ajlig . =
Ministry of Education MaWtha L:T'ngI ul._uahjllg

& il oIS 13] Jiio 8l apre LasT abu e JSill § audge 9o LS dlilaie wlale EW w13
o33l oabioll § 2l dagd Lo 30.0 N g0 31 ay clusas s3I Juoll

o o 30N

W|UQBQ|GSM|@99 10.0° dagljp Juos jaio ULCT.\Q.Q_;D 3.0 m/SZJ|_\_5.A4 dyybd=lys &J[m.u -14

‘po JS )l 2o
60.0 kgaslis 3l dahall STy Je 6,350l sl dbae (3)

ST e dyyll dolyall g 4355 @l 8gall jlaio (b)

28
sl il 5 o el el f



eele., Le000e NSM.O
T duego | sralyi
A=l ala v whiba ﬁﬁa@hﬂﬁg

Ministry of Education

g il A el s S Jeadl) 3

deyull olzil sy dSyml 030 & uli yemo ol dnl dbis Jo> 6515 sluo Gy @z dS)> Lo & 13 dSymll
Syl 924 g )b gl) S350 £ )l unall 9% 13gly Ml Gan 38 (dabal depull) loylasio ol pe) )lpeiul
353l o= ohg I § yaiuw euuzll Jazy

29
sl il 5 o el el f



eote.. Lec0te NSM.O
....-.:' :.‘.. . ! glnll | ||°| i
A=l ala v whiba :?bgﬂa":"'*"gi“]?g

Ministry of Education

ialaiiall 4, 38 Al 31

dym) Qg9 yadll dSy>g 1S3> cabhmio § 6)lw )5 Jie drogdll il & & 11 GlS)al o ayasll Aol
Tinlw loliales §J1 puey & @Syl JSal 35 Log loyeg clogl!

1@l dolaiiall dy 511 dSyml B8 y=i
Tolol 8ysi0g 1y 2o dliv (ddas) dusloo deyw 7 oyhad wuas 6315 Hlue Je puns dS)>

dbosw 899 3929 G g)luddl 39299 g )i 929 G deyull ol i o)

:dalaziall dy )51l dSymdl GlaS

olgall a8 Guai e ddgac lasls og% v duslaol] de yuwll

iyl ol a3 § anaiy 6311 S0 0l2xil § Ladls 0650t A Sdganll gl s35pall g )bl
£l £t § a5 83131 Sy0 olxil & Ledls (S5 i, dy3Syll Ggil]

(5) ©lasgll Jol plaill § dili)l 359 wlig dlolS 8)93 Jac iroj :T 539l ol

Hz=rps :dJl JsJ 8)9> 3ipgll Usloag  (Hz)j55ugll pultag (po3ll 8329 § Whgl sac:f 35l

30
sl syl o sl Sl



9oL

ettty NSMO
e CLLQQ_D lal—ualqgl
Mi’!”ﬂit“; of Er:l::rlitwjoqn M aWhiba :jL:Q;IJIAU I.__Uﬂhjjlgg

:dabsiioll dy )51l dSyml ouilgd

a, =2 s35rall gt
Cor
Fczmaczmv_ dJ_)S)@J|4J3L>J|OQQJ|
o= 2931 g3l
T 2nr -
=E 222,41
v
v =2nrf 33yl dl¥ s duslowd| deyull

gogall § 9% lodie 5yl Hluo Jeg dnl deyumy Xy B8l Sgiumall § puu> Jyaiy (pggiall go Gaill

Y = 2Mmdsudgo 950 bodic deylud (b dicyw (@ cuws| (=4 m/s)j dicyw 655 x = —2m
-14 Jlo

JoSd logy 27.3 yeill 350 3.84 X 10°m 18 as buvgian 15315yl b yis 90 4o)8l Jgo yedll )lae

s | .Ub_):zﬂ Jg= dolS 6y9>
o8l dylaedl de ! lungio(a)

(Syedl ol=l §) dysgosll dide(b)

=l
Olbsoll
r = 3.84 x 1083m
T = 27.3days = 27.3 X 24 x 3600 = 2.35872 x 10°s
(a)

v =2nr/T
v = (2 Xxm x 3.84 x 10%) /(2.35872 x 10°)

v = 1.023 X 10®*m/s ~ 1.02 km/s

31
sl syl o sl Sl



9oL

sty NSMO
) aLogo L—ualqgi

ill &l . : polall sl __ualgl
Mi’!"ﬂStHJOF Erljuri:\Joqn MaWtha k:,lngI uLyah;Jlg
(b)

a. = v /r
a, = (1.023 x 10%)?2/(3.84 x 10°)
a. = 2.72 x 103 m/s?

24 Jlo

(oo JS § djSyall 898l juae puog
093 & il JSi 8)luw dSy> (2)
Layas 02)3 bl jlgo S )99 Ji> § bsiyo y2> (b)
8l Jgo dicluall JlodYl 5lygs (€)

- J=J!
038l g Ozl o oSl JISiod] 863 (2)
Jisdl § aidl 695 (b)

(JS O3] 898) dusyBl dpdlal 698 (0)

23] gylutlly ddasll deyull azgl 2.00 X 102 rev/min Jasoy 0.500 m oybd wuas jlb] gy T )i
()l @dlg> o) y oM dyzylal wlelyall 53] § 39290 o

&SIl &y=5 0 0.150 kg lgilis 6, ,531 adyny cuto Ji> § Lo o g 1382 of wazloll dgill xmgl 20025
(Jel dliS' Jaol) 62518l dglil J3s 6)93 2.00 Josi 6,81 1 lale 0.600 m loybd cauas dyadi 8515 §

32
sl syl o sl Sl



eote.. Lec0te NSM.O
....-.:' :.‘.. . ! glnll | ||°| i
A=l ala v whiba :?bgﬂa":"'*"gi“]?g

Ministry of Education

203 gl 4 yilal) 38 Al 3011

- T i 89y 0yagiy J2)ll pgiy Loz ibous § bgyyo puuz dSy> Jio «Sdgac )il Hluo § puz &)= 0
dyjSyall sgall 335 ellig (T J=yll 2l 6g8g Mg o)l 1) syl oloxidl & oall dbazo o F, dyjSyall 59all

ZCNEI FPNWEN I&c)uqhg)saég,o@im&gﬁ)dl695J|Oi)5_&3,uhg.o]"'"' | bladl sie daliso oud

Fc = mT
Ls5Srallls bl olidl § sl duamne o Lailg dlobio 598 Caud djSyall 898l :dage dbole

34 Jlo

Fe dy3Syall 8g8)l ST g3g0c S315 Hluwo § )93 (il Jage busy dbgyyo Spsuo 6)S @8lge Uil o
g0 JSI 2l 8939 ailiSyo gl joll A3y

iog_) bl 3530 920 lgolxilg ipoge JS F; Hlade cuwsd =l

33
i sl syl o sl Sl



cete.. Lerote ;
e el el NSMO

R LUHgo aglall sL__yalgi
Ministry of Education MaWtha L:T'ngI ul._uahjllg

'\ mg sin 62

C

Fc=T+mg (a)
Fc=T (b

Fc = T— mgsinf, (c
Fc =T — mg (d)
Fc=T (e)

Fc =T + mgcos8; (F)

-44 Jlo
5390l § 5131 jluall dad sic olygall diglhall punzll de yuud doyd J51 A gl

898 pasi §i touzll (g Lo dyjSyall el (eSS Loic olygll diglae deyus J81 gam dhais el sic :JoJl
NENCRVA]

34
sl il 5 o el el f



:::::...::::: Ng SCM.O
DAL - )

ill &l CLL@_ g‘o glell sl ual
o 99 Mawhiba :,ibg]laﬂl__ua:.hjjlggl

Ministry of Education

ZPS.@.Q.AJ' | Y] @.a.:u.”

Cs3gac Gy Hluo § g0 puuml /TG e depull clS ) Basy I3l @
Sdg0c S5 Hlue § y9 panz Liall deyulb Bile puunll pjgl Jo @

Sdg9ac S Hluo L.:g_)g.);ig 1.25m dgb was busu dbgiye 0.200 kg LgiliS &0 6,5 13wy ad

6,801 yoiani () ) 1390 byl Gy (51 oyl § diniss Jel sie 6,SI1 LgSlios o oz deyun J8T Cunsl(a)
(sl ds=l G

o)l Jauwl sie byl § il 698

Lalatiall e Ay il AS AN 3.2

3900l plisSiall e loicg . lgolail i go duvlaall deyuwll jlrbo yam dakiiall ye dyylall dS)al §
a, dy3gosll &Syally a; duslaoll dsSyoll loo @ g yluil

9

e e e
a = a, + a;

g dijlge v9Sig ypuumdl deyw jlabo yui:Je ap duslaoll dSyoll Jasi

Clgolzil puse 4oSi Guog SV olxil § ar 0SS Gwo S8

35
sl syl o sl Sl




Ministry of Education

NEMO
1090 polall sL_sialgl

Mawhiba ibgll cilualiylig

lgde @3gac oS punll ey oladl yuss e @ d3gasll &Syall Joss
:g_sghug' k",’SH&_)h.u.}iJl

a=a;+ a,

dyglball dhsill sic jluall Gonio yhd as : 1y

ar Gwloall g )bl eguins § cunuit Fy dawlao 10Ug8 puuall Je 135 JWhg
ar s>g9a2ll g )luill cgis § Couil . (dy3530) didgoac 8999

SFrdad Lolo dalaiioe d I3l dSyml (9% Loie 1,59

54 Jlio

&l dbsl e . 350m Loybd o 8515 GugaS Sl JSib )83 oSo) o S5 dod §g9 duyl doly yuus
plo¥l U] (&) luio $ludl 95 lguus dbrolll § . 8.0m/s Lgicyuw 093 il § dbss Jel J] dol) )l lged Juos

36
sl syl o sl Sl

0.450 m/s? o)l aso Guwlao ¢l Gkl Job Je

dbiill 030 dic g )lutll (d55all) dpsgasll dSy0ll lade cunolla)
S )bl )l 3o A24l(b)

383 920l druilly JS1 g )Lt olzxil 33(c)
:Oldasoll

R =350m




9oL

st NSMO
d19Hgo )
Ll )l L polall al__ualgl
Mi’}ﬂstrq oFEthlJci:\Joqn MaWtha k:,lngI UL_LJQIJJJIQ
:dad| Jic de yull

v=238.0m/s
gwlawall g )bl

a, = 0.450 m/s?

(95811 350 93) 53530l gyl (2)

v?  (8.0)*

=R T 7350 350

= 0.183m/s?

k".)l.f.” EJLM.LI“JLL&O (b)

a= |a?+ a% =/(0.450)2 + (0.183)2 = /0.2025 + 0.0335 = 0.486 m/s?

Sl gyl ol=il (c)

— —1%n, _ -1 — 990
6 = tan ( ) tan (0450) 22

go 0 = 35° diglj busll guay loxic dunl) 8,515 § az)lis 0.80m dlghb bysy dbgiye 6y 8 4 )ai
sl v = 2.2m/s 8yS)] deyuw o955 «swlyl ol

Aol ells sic (s55pell) G308l ¢ )luill diSyo sl (a)
bl ells sic gwlooll g il cuns! (b)

bl ol dyuilly lgmisoy &1 dyglilly JSII gyl ylado cuns! (C)

37
sl syl o sl Sl



st Lt m‘;—)’
-o..-.:. :.‘.. . . g_o I i
Mi’}ﬂstrq oFE!Ilj:clri:\Joqn MaWhiba :jlf;lﬂaul._uﬂnhj]lgg

ddla) Al 3.3
(8) ;281 ozl & did il 8)gulo dolio )l &y Cum dSaiy o dobio) @lbyg yedll Je sy clad Ally -1
(b) Sl pdeal dili sgsig yadll Jg= dlolS 8)93 )93 Cumy dibudl dagd i doloyl deyw olo
dpdlall dlae guaw Sgbus yoill abuw Je gyl dlae ol goy81 Sodll Jo> dloyll 030 &g @S
1740 km o)l }bd uas olg dus)3l

A=y v = (4000 + 5005 ) m/s deyuw &Sl 6,315 § olyball 1395l 35p0)l gy luil] jlaso sl -2

vy = (—400i — 5005 ) m/s :deyuy 65131 o gy 24.0 s
o8 wai wbsio Jg> Wl lodic a8l @1yb Je yui 1.0 X 10° kg lgiS &)lus @i Jo -3

oSl JlSi>l Jolmog Glo @ayhll abus () 1ol u2)81 8 el 14m/s loylsée deymy 5.0 X 101 m
s = 0.25 JoSall JlSi3l Jolnog griuall Jasio g1bll abuw(b) f5 = 0.60

T, 14m/s
= ——

(a) 7 icy

v 32gl 7 loyhd ins duisl 8515 § duli deyuy @l o3 L dgb by § @leo m GiliS o0 pws -4
0 dglill Jbbg cuzg g 5 L ddy

38
sl syl o sl Sl



It NSM(.D
- SY-T.Y Hermna
pu =il a)lig Mawhiba :,;’f:JI;aLughﬂ?g

Ministry of Education

70.0 m 0,8 auns hsio JSib Je G1b Jwo diglj cuus! (b) (v, 7, g) A3 diglill azgl.r 0,8 (auas
60.0 km/h deyw sic olob wlyluwl 6348 dogouas @3

40.0 km/h J1 72.0 km/h oo dicyw (68505 Cus 5l § [ang dSull o Bisio e jlbd U35 -6
:200 m Goxiall b8 s oIS 13] . ganiall ygua) dojsll 8aall 29 .12.0 5 M5

ol 3bLall Jame of pall 518l 0o 35 ylbsll gwleall g buill cus! (2)
40.0 km/h J) eyl lgd Juos @1 dbaslll sic 555pall g ybuil] ylado Cuusl(b)

bl 030 aic ylball JSI ¢ )luill jlaso Azgi(c)

39
i sl syl o sl Sl



TR 4 ;
NSMO

R LUHgo aglall sL__yalgi
Ministry of Education MaWtha k:,lngI uLyahjllg

) s yall — L;uJ;.J\ PR
il Sl uoll § LoS dic s ey aituno b G oy g e 5 kg @S s oy (1

:Soluy IS 698 laio o8 1yigu 30 loylaio 891 3 898 ity &ymi punadl oS 13]

v (m/s)

15

10

A (25N (B1ON (C5N (D3N

Lo @z jgllg Al oggho pusuo JSiy auas dJll @lasl sl (2
9.8 Lo U3l abu Je oo sl § Lagiy duwill (A

0l Guai § g9:090 13T Eund Ll Lagin duil] Sl logiy duudll (B
Glazgll § plalizug chjuall § Geoll pudi lagl ploggio (C

pawall G131 eadll jlabe ge ol Laadls (D

el gh8 ol pe gl @3 Bl &lall § 0lS 107 kg ailiS @u Je olgs 1+ 6300 F dliocro 695 w1 (3
90 F 898l jlado /ol deyun LIl Guol Jlgill JU 0.5 M dluo

10*N(D 102N (C 102N (B 10" N (A

olxil 4.00 N loylado 898 dyle )il , 400 m/s loylatoe dalasio deyun bye ¢y 2.00 kg ailiS eun> (4

: ol 898l G 3o ilgi 400 32y @l do 1] ylade. Jladd|

40
sl syl o sl Sl



TR 4 8 :
NSMO

e CLLQQ_D gloll al__ualgi
pul _cill ajlig . A -
Ministry of Education MaWtha E,ingI ul.yahjﬂg

320m (D 226m(C 16.0m (B 566 m (A

99 LaS . Jiloll sgimall puis Je yuodll dsle Je o Jaghll asle Je Jgl uilaiall (Wl puds guog @i (5
(isy o) g3kl ol 02,581 Jilall Sgimmall i I g luy IS § o

(i (ii)
1095 (1) Al § eyl &)lio (i) Al § ] g )luylado
@suall (D Syl (C »sT(B dds (A

oyl gl os)3l abus §gd 2.00 M glas)| Je by diawlg) 150 m loyhd uas disl 6,3ls § yzo )2 (6
A1V luall ymml &y dass o ,a81100 M 33 Je (6)31 G)ls (88T ol jloud

9=10.0 M/s? yuicl :sgluwy da 51l a1 Ll 55p0ll g bl

166.6 m/s? (D 112.2m/s?(C 15.8 m/s?(B 10.5m/s? (A

Jlgl o ilylwd| g 13 m/s lo)laéo dASJQJJ@I Wlhbud) 59008 de pun amuJ,d.oJ_) @b_)‘[.}_)lg.\_)w (7
Ol ll) §9108 deyuny oy of G 2oyl y3mxial Byl 131 g8l yammiall oo digly uds d ggys 3o J]
:dl 08 ol yusi oo 48, 26 m/s lo)lado

Jliol doy)l (D w@suall (C ol (B 2l (A

41
sl syl o sl Sl




It NSM;’
- SY-T.Y Hermna
pu =il a)lig Mawhiba :,;’f:JI;aL@LJJ?g

Ministry of Education

uas swl) 63315 yluo § 85Ul &ymis duwl) dal> 6)glio & diyilb 53bay m ailiS o lymiwl )b ogdy (8
1okl Je sl gy 135 &1 6gill a9l 240 m/s loylie dils deyung 2.10 km oyhd

dalsJl Jawl (a)

dal=Jl Jel (b)

G2dl)lis3dl Jol>

8 7 6 5 4 3 2 1 JIgudl pé_)
3-3.80mg, d D A @ D B @ eyl

b— 1.80mg.

42
sl syl o sl Sl



TR 4 8 :
NSMO

e CLLQQ_D lal—ualqgl
Mi’!”ﬂit“; of Er:l::rlitwjoqn M aWhiba :jL:Q;IJIAU I.__Uﬂhjjlgg
Jslall
:d};‘)_}\ ‘J.Aasj\
1-[ML™1T72].2-T x L7 x g‘%,T oc \/5.3- B.4- B.
u_u\ Jazadll

1a-12.6 km/h at 71.6° north of east.1b- minutes. 2a- 19.5° west of north. 2b- 13.3 minutes. 3a- 261 km/h. 3b-

15.3° south of east. 4- 866 km/h. 5- 2.92 m/s, 7.9° above the east direction.

Sl Jaadll
Exercises: 1-a = (29.3{ — 1.88) )m/s?.2a-a = —f op-q = Ematmptmagsing g o M9 gy
myt+mp+me mg+mp+me m+M

T =2 ga.q= T2 4y T =

m+M mq+m; mq+my

mqymyg(1+sin 0)

.5- a =1.82m/s%5b- T = 21.8N.6-a = 1.12m/s>.
7-ug = tan 6,.

Additional problems: 1- Weight = 637 N; Scale reads 510 N or 52 kg. 2- 400N. 3a- m/s* down the slope 3b-
v = 16.2m/s 4a- Weight =196 N (down); Normal Force =196 N (up) 4b- 294 N, 98N. 5- 3.63 x 10° N. 6- 2.45

m/s? downward. 7- 1.41 x 10° N. 8- 17.0° (backward). 9- 2.6m.10- 2.7 x 103N (upward) 11a- a; =

1.68 m/s?,a, = 0.840 m/s? 11b-13.4N.123- 350N 12b- 1.96 m/s? 13- 20N,10N.143- 180N ,14b- 644N

el Jail
Exercises: 1- 219m/s, 219 m/s% 2- 14.2 N. 3a- 3.50m/s, 3b- 19.6N. 43a-
6.05m/s®, 4b-5.62 m/s?, 4c- 8.26 m/s®, ¢ ~ 43°

Additional problems: 1- 1684 m/s, 1 hour 48 minutes. 2- a, = 83.8 m/s*3a- F, = 3920N, f;pmax =

5880N so no skid.3b- F, = 3920N, fynax = 2450N so the car will skid.4-v =,/ gLsinBtanb.5a- tanf =

2
Z—T, 5b- 22.6a- 0.74m/s?,7b- 0.62m/s?,7c- 0.96m/s?.

43
i sl syl o sl Sl



in& 9O f Xd

@Mawhiba | Mawhiba.sa

gouL
NSMO
aglall sl yalgl

ibgll ailualylig

°°°°°° oo ! g_D
Mawhiba

pul —ill ajljg
Ministry of Education



	المرحلة الثالثة -2.pdf
	حقيبة المرحلة الثالثة- علوم- كاملة.pdf
	حقيبة المرحلة الثالثة - علوم - أحياء.pdf
	غلاف الحقائب- علوم-3 -
	حقيبة المرحلة الثالثة - علوم (1).pdf
	غلاف الحقائب- علوم-3 -
	علوم المرحلة الثالثة- فيزياء.pdf
	1 المحتويات
	2 الفصل الأول: قوانين الحركة
	2.1 مفهوم القوة
	2.2 القانون الأول لنيوتن
	2.2.1 الأطر القصورية
	2.2.2 القصور الذاتي

	2.3 القانون الثاني لنيوتن
	2.3.1 قوة الجاذبية والوزن

	2.4 القانون الثالث لنيوتن
	2.4.1  القوة العمودية
	2.4.2  المصعد والوزن الظاهري

	2.5 تطبيقات على قوانين نيوتن
	2.5.1 تسارع نظام مكون من عدة أجسام
	2.5.2 البكرات الملساء:

	2.6  قوى الاحتكاك
	2.6.1 قوة الاحتكاك السكوني القصوى:
	2.6.2  قوة الاحتكاك الحركي:

	2.7 أسئلة إضافية:

	3 الفصل الثاني: الحركة الدائرية
	3.1 الحركة الدائرية المنتظمة:
	3.1.1 الحركة الدائرية العمودية

	3.2 الحركة الدائرية غير المنتظمة
	3.3 أسئلة إضافية



	المرحلة الثالثة -2

