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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.

S i (8 Jelall 13 soal el - S Jelii ol 8 dandiual Gl o (e a2 ) e
Lgtianss () ) AileasSl Aalnall 8 ety o3 Y gl ae iy 55 O Y] o gy Y - piae
A5 sall Al Adlaal) 3 o LS (580 () g () Lgany
Although the quantities used in any chemical reaction—whether the reaction is
carried out in a laboratory or in an industrial setting—are not required to be in the
exact number of moles shown in the chemical equation, their ratios to one another
must remain the same as those indicated in the balanced chemical equation.

Librasst) Adlaall (e Lgale J puand) (Say (Al Cila glaall
Information That Can Be Obtained from a Chemical Equation
sAailil) g Ao Litall 3 gall daguds g Alla 48 a0 2 Y gl
AUl Jeladl) 8
First: Determining the state and nature of the reactants and products:
For example, in the following reaction:
No + 3Hag = 2NHs ‘
G ooned ke om Sasy Jelall aa ol ol A slall Al dsaldl o) J) (g) <o) en
Wi sa¥) e G sl G gyl
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 jad) dae ) s Aseadl) waal ¢ LIG
Second: Determining the ratio between the numbers of molecules:
i) Alalaal) e AN ol A5a M Sy Qi) Janes e
For example, from the previous equation, we can observe the following ratios:
Hy @l Ny @l ja 4

The ratio of N2 molecules to H> molecules is:

1 molecule

3 molecules
NH; <la Ny Gl e 4w
The ratio of N2> molecules to NHs molecules is:

1 molecule

2 molecules
NH; @l A Hy Sl s das
The ratio of H> molecules to NHs molecules is:

3 molecules

2 molecules
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Third: Determining the ratio between the numbers of moles:
Hy @Y se22e AN, OV ge 220 dais
The ratio of the number moles of Nz to the number moles of H: is:

1 mol

3 mol
‘NH;3 &Y g0 22e I N, G g0 220 4w
The ratio of the number moles of N2 to the number moles of NHs is:

1 mol

2 mol
‘NH; @Y e 22e ) Hy Y 50 220 4
The ratio of the number moles of Hz to the number moles of NHs is:

3 mol

2 mol

sAailil) o) gal) g Ao Litall 3 gall J5S cpn Aduaddl) Qpan 3 lay)
Fourth: Determine the ratio between the masses of the reactants and the
products:
‘Hp 418 VN ALS A
The ratio of the mass of N2 to the mass of H is:
28¢g
68
: NH; S ) N, AliS dps
The ratio of the mass of N2 to the mass of NHs is:
28¢g
34g
‘NH; 4L ) Hp 46 4w
The ratio of the mass of Hz to the mass of NHs is:
6g
34g
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Calculating the number of moles of a substance given the moles of another
substance in the balanced chemical equation
el 8 lge e Y Aulul § gad 45 ) gal) Alial Aaladdl (o B Y gall 2o ililua 328
S e GAD ANl s Lay yy (531 ) L 58 8 Ll (0S5 5 ¢S Ly iyl Lo 8 s JidS
sale ) gall GlE Cua ddeliall y Ol iRl L 4ne Jalaii (5311 o galall (salall allally ecnily 3all s <l 3l
(Al BB Alasiull Y pall 230 Ciloaa (Sars Al l Al el e 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
25 all Aalaall 3 2l 5Ll Jalas
Coefficient of the second substance in the
balanced equation
A jal) Lpapliall iy A 55y AilaesSl) clibiall en Lo 5855 A Ay sl Bas gl Jpall 2o
Qe 5 canall g ALK Jie s Al dlee cilaay ) Jsall Bas 5 (e Balall dpaS (g Sy oS (4] JSAN
Y i ) Adliaal 580 50 )il 5 ccilapusal
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.

GJ)‘Y\ saLal) QY}A e
Number of moles the first substance

Al salad) &Y ga 22e
Number of moles the second substance

Glasall sae
NUMBER OF PARTICLES
el jally Al (e.g. atoms, ions, molecules) -
MASS ¥ X “ C?;jy 3=
in grams o |= R.TP se j& ¥ dm’ s
3l |s % VOLUME
fal 2\ In dm? for any gas at R.T.P

g/dm? 33a s 3S 5 " x22.4 dm¥/mol aaall
Yo 32 @ dmds
CONC.ENTRATION +224 de/mol S.T.P xie jl& ¥ dm? saa s
in g/dm? VOLUME
v In dm? for any gas at S.T.P

x mass of the solvent(Kg)

Sl sl

33 WSl
mol/dm? sas 5 S 51 MOLE FRACTION

CONCENTRATION
in mol/dm? mol/kg 33s 5 S Al

CONCENTRATION
in mol/Kg

AV lasll Clas gl 5 I gall G Jagal) 1441 UK
Figure 4-1: Converting between moles and other chemical units.

+ mass of the solvent(Kg)
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Exercise 4-1:
AUl ALY el I W seY) jacand Jelé Aalae caa
According to the following reaction equation for the preparation of ammonia,
answer the following questions.
N2 +3H; — 2NH;

9 s i) (e 4IS A0S e (a5 508l (00 6.0 MO Jeli (e Aailil) L ga¥) Y g0 020 oS
a. How many moles of ammonia are produced from the reaction of 6.0 mol of
hydrogen with a sufficient amount of nitrogen?

i sa¥! (30 6.0 mol LY e DU Cpa s 53l Y ge 220 S b
b. How many moles of nitrogen are required to produce 6.0 mol of ammonia?

foma s il (10 252 g ae Jelaill A U s g el &Y g0 220 oS ¢
c. How many moles of hydrogen are required to react with 252 g of nitrogen?

9o s il (e IS A0S ae an 5 el (00 3.0 mol Je i (e dadlil) L el iy Ja 220 oS d
d. How many molecules of ammonia are produced from the reaction of 3.0 mol
of hydrogen with a sufficient amount of nitrogen?

i ¥ (10 6.0 mol LY de 32 (g il iy ja 2e oS e
e. How many molecules of nitrogen are required to produce 6.0 mol of ammonia?

9o sl (e A8S A0S e a5 2ed) (10 0.450 kg Je i (e dailill L gV A1 L f
f. What is the mass of ammonia produced by reacting 0.450 kg of hydrogen with
a sufficient amount of nitrogen?
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A chemical reaction stops when any of the reactants are completely used up.
A g sall Jeldtl) Adalaa Waaaas Al ol Zagdall 8 Ao i) o gall 2 g8 La 1500
Reactants rarely exist in nature in the proportions determined by a balanced
reaction equation.
Leman sl 3l sall (saa) sl 25 o ) Jeldil) iy g dails ST 5f o) sall saa) (oS5 Labale
8ale 5SS Cpa A Auaild ST o) gl gan) () 6K5 3 ¢ paadl A cdlelal) e fadl s Gudaiy
Basaal) Balall g ¢Jeliill saanall salal) dueS o aaiad dalill o gall duaS i 13 Jelaill 3araa 3aa)
Al aalal) S aas 5 Jelil) 8 GIS ellgins Sl salall a Jeldall
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.

Aildl) 3 gal) andd Joldll (oo @llgind Al Ll Aelind) o sl e Al LSl W
Sl mrantl) ke e I JE 3306 Lo s Bailall 5 Jeliall sasaall ol sall agh e clide Lol
:L".\\Jw
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:
Gl el 4 45 )l JSa 1 5] e lddl)
Reaction: 4 tires + 1 car body — 1 car
o Lemand S Al ) 2ae (la ) ) 240 58k JSRT00 Dl b phae 2l IS 1)
ALlS 55l 60 1 <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.
(30 60) ALY ol jluall dae saa LY sl UaY) o ;e liill Saaal) dalall
The limiting reactant is the tires because they determine the number of complete
cars that can be produced (60 cars).
100—60 = 40 :leie i Cun ol bl JSLa o4 Aildl) Balall
Excess material: car bodies, of which: 100-60 = 40 remains
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The limiting reactant for a product can be determined using the following steps:
Aleldial) af gall Y gall 232 ol (1)
(1) Calculate the number of moles of each reactant.
Ad g ) sall Aaladl) A Lelalaa e Alelite sala JS Y 50 220 a0d)(2)
(2) Divide the number of moles of each reactant by its coefficient in the balanced
equation
LIS Je i e liiall apen (b Lol i) 53 & glasi 13) (a)
(a) If the quotients are equal, then all reactants react completely.
(el saoaall alall) LIS Jelan ) o J8 Lgtand oils )5Sy 30 50l (D)
(b) The substance that yields the smaller quotient is the one that reacts completely
(the limiting reactant).
Aalapall (3 yhall alasiin) gf Alateall jlaill 5 yaey Jolaill sansall salall 48 yee Sy Al s lia
Aol
In certain cases, the limiting reactant can be identified simply by inspecting the
chemical equation or by applying the following simplified methods:
3 sall JS G A e Alelanall o gall Y e dlaef s 4 sbuie e ldid) af sl O lae il 1Y)
LIS Je e dle el
= [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.
:Alilaall Cuss 2 mol Oz &« 2 mol C z < 1) s g
Explanation: If 2 mol of C are mixed with 2 mol of O, according to the
equation:
C+0,— CO, )
oaild s 5y V5 LIS Jelans dlelaiall o) sl apan (4
All thp reactants, therefore, react completely, and no excess remains.
e J8Y) salddl Glé cAaliag Alelatall af gl Y 9o dlae] 5 3 sbuite e laiadl o gall O lag CilK 13 =
= If 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.
el cwn 2 mol Oz = 3 mol C z < 1) wa s
Explanation: If 3 mol of C are mixed with 2 mol of O:, according to the
equation:
C+0,— COs
LS Jeliiy (0p) cpansY) (4
then oxygen (O) reacts completely. ‘
b Ao V1Bl ()l ¢y gosia Aleital) ol gall <Y ge dlac ] g Aakia Ao Ll o) gall i lelae cailS 13)
" LS Jelin ) o Jelaall e
= 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.
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Explanation: If 4 mol of H: are mixed with 4 mol of O, according to the
equation: 2H>+02— 2H0
LIS Jeldhy (Hp) o sonedl G1
then hydrogen (H:) reacts completely.
14-2
Exercise 4-2:
35 «CeH 1206 D58 stall Y eladly ¢ 52 U 2] Al lilall b 5 gadall oLl Jelis Janiiasy
Sy
Photosynthesis in plants uses carbon dioxide and water to produce the glucose
CsH1206 and oxygen gas.
syl ol dlens oLl elal) (e 64.0 g 5 e SN 2T A (10 88.0 g Lo Al i i 134
If a plant has 88.0 g of carbon dioxide and 64.0 g of water available for

photosynthesis:
A5 sall Jelall Aalaa €| g

a. Write the balanced chemical equation for the reaction.

10
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Exercise 4-3:
Gl g8 J laa (pe ddline el | giliald diailal) salal) g 3a3a Al salal) AdaaDd 4 jas Ul (6 sl
«Co(NO3 )2 (II) s8I &l 5 J slae (e 430 43S | sflal o5 ¢ 38N ) NazPOy o5 saal
sle s sing e IS o Tgan s Ul a gl s a5l sk s sSU 8 W S 55 a3 e Jalladll |Soas
(sl il
The students conducted an experiment to observe the limiting and excess
substances. They added varying amounts of sodium phosphate solution NazPO4
to the beakers, followed by a fixed amount of cobalt nitrate (II) solution
Co(NO3).. They stirred the solutions and left them in the beakers throughout the
day. The next day, they found that each contained a purple precipitate.
Jslaa (el | gilal & cppand ) o gandy dan o (S IS (e AUl Qi) Ul (S
Al | ga 5l 5 ¢ UGN andl) 1) cally 5SI ey J shaa e Adaiti g o sV il ) a2 03 gaaall il b
: S Jsaall i lgle | bas Al
The students poured the supernatant from each beaker separately, divided it into two
parts, and added a drop of sodium phosphate solution to one part and a drop of cobalt
nitrate solution to the second. They recorded their data in the following table:

O 8k aa Jo il (oo Bk aa Sl

Co(NO3)2 Na:PO4 Co(NO3)2 pa  NaszPOs p> il
. . . . Volume of Volume of .
Reaction with a Reaction with a Co(NO3) NasPO Experiment
drop of Co(NO3):2 drop of Na3PO4 ° 3 e
)oY 3 ga )l
T @ IR 100mL  5.0mL 1
No precipitate  Purple precipitate
[P U ey
@ IR T O 100mL  10.0 mL 2
Purple precipitate ~ No precipitate
3l yaay
@ IR T T 100mL 150 mL 3
Purple precipitate  No precipitate
[P U ey
oIS D T 100mL  20.0 mL 4

Purple precipitate  No precipitate
el 13l 45 5 ) 50 4liasS Alalae aiS) g
a. Write a balanced chemical equation for this reaction.

A as JS0 Aailal) salall 5 Je laall 3034l salall miliil) e 2l das b
b. Based on the results, identify the limiting reactant and the excess reactant for
each experiment.
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The percent yield is a measure of the efficiency of a chemical reaction.
iy 3y Tl Al (o Ay ey il clle 5 ALl 8 S 35l Alajll e oo olif
A s ol 53 Ll AlaasSl) cble Ll Jiallyy Aay IS 8 Lo (383 Y 38 Uilad (0 5 cian Aha (338
Addad 5 Al
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.

ALY Salal) )ada La
How much product ? ; ; ;
Sle sl sl 8 s ay basSh) Je il of cantiind 8 Gl 3 Y oJaadll 138 Jilae s ol 3
Loane L oty el (pe S i el g (g ) 3 AilaanS Alalas
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.
100 JMA (105 e 100 caaed) ALl 3, JAx o Jadiacall e e 40f LaSd (Ladla g8y Iy o<1
A gl il RS Sle Ll alana gt Y IS eyl OIS A
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.
Goaili 28 i) i) (e And giall CHLaS) i M (JLSY) J el (ol g 8 chaneie laaY
i 8 VA (any By AT e V) mdaud o - Al Al 8 Al 5 dde i) o sl
oy @ E 8 ) st yall il S e I8 ) Gl e L Gy Axd st e (5 AT o 50
O e JSLEall o3 Aagiy RS Aglee a8 S a0 385 e Gila Aduall ol pall CilaeS
sl Jeliil b il e 3m3 A€ & jaa ) Ao (ailaasl
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.

12
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Theoretical Yield and Actual Yield:

) S anst s Blana Aleiie 5ale 4 (o gl 4 oy aad cdilaal) bl (e S 3
salall A0S (e e Jgaanll (S i) (o 4paS ST 58 5 cJeliill (g LY 250 sall 038 4 susndl)
ezl dle Laial)
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.
293 pall  AbasSlh 2y a8 giall (g ylaill 360 jall Galdae A=d 293 pe Sbasl Jelaill e iy L1530
LS g Ardl) a0 yalld oA AUl salll ALK LA (e Caneny 4880 4 2 JIA (e Jelaill Ladl)
Llee e Jeliil) ¢ ya) aie dailill saldll
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.

s e st pal) il il ) b Je il Adeld A jaa ) ¢ siliasl ling 14 gial) 350 s Ay
i (oA e 5l Ay il 3 93 yal) e (A8 €130 2 il 350yl g s Je il e (8 (350
A siedasio ) ea b gkl 393 all (A (=il 253 54l
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 293 yall
A siall 2 g3yl Ay Actual Yield 100
Percent Yield s okall 353 yall
Theoretical Yield

13
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Exercise 4-4: )
eads «Si0z daslls «Caz(POs)y pswndlSH i s (o gy S (i Llad Py si il lany
Lt (sl Faleall (ariaiy i seS ()8 b C S
Phosphorus (P4) i1s commercially prepared by heating a mixture of calcium
phosphate Cas(POa), silica SiO: , and coke C in an electric furnace. The process
involves two steps:
2Ca3(POs)3 s) + 6S102) — 6CaSi03¢y + P4Oio(g)
P4O10(g) + 10C¢s) — Pag) + 10CO)
352all dan D Jelél) b andll e daildl) Ll g ISV Jelil e il POy Jelis,
45 5aal) 2 93 yall A 2aa 5 ae S1O0; (2 400.0 g 5 Caz(PO4)2 (=250 g (3 13) Py LSJM\
45,0 g s Py A=l 293 pall (IS 1Y) Py A
The P4O10 produced in the first reaction reacts with the excess coke in the second
reaction.
Determine the theoretical yield of P4 when 250 g of Cas(PO4): and 400.0 g of Si0O:
are heated together, and calculate the percent yield of P4 if the actual yield of P4
is45.0 g.
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Exercise 4-5:

Ay 45 ) sall Aolaall Uy iniall 3T aa ) 5185 jugll (men Jeld (g I8 ¢ 585
Chlorine is produced by the reaction of hydrochloric acid with manganese dioxide
according to the following balanced equation:

MnO; + 4HCl — MnCl, + Cl> + 2H,0
= 50.0 g &2 MnO2 (2 96.9 g Jelis 13} I 4, siall 393 jall A g (5 kil 350 sall anl
.20.0 g & Cly J Hrdll 293 5all (S5 <HCI
Calculate the theoretical yield and the percent yield of chlorine 1f 96.9 g of MnO:
reacts with 50.0 g of HCI, and the actual yield of Cl2 is 20.0 g.

15
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Problems Jilwa
(4-1)

(e L daaall Ay il
Choose the correct answer below:
Aaaal Aa 50 3all il sl Jiaiy Hp il a sl sl A gadall i sal) Jias eoliol JSEN L (1
iy (m (Sae 232 ST 5S35 pinall b 525 pal) il Sl el Lanie Ny iy a o5l
Plei sS5 (ay Al NH;3 il ja aae oS5 § saoaal) e linall 33l & L ¢ (NH3) Wi seY)
1) In the figure below the light-colored double circles represent H molecules and
the dark-colored double circles represent N> molecules. When the molecules in
the box react to form the maximum possible amount of ammonia (NH3)
molecules, what is the limiting reactant and how many molecules of NH3 can be
formed?

NH; e Sl 8 05Sh 2sw Hy (a

a) Hz is limiting. 8 molecules of NH; can be formed.
NH3 (e es 2 12 058t 2 Hy (b

b) H» is limiting.12 molecules of NH3 can be formed
NH; e Slan 5 0555 2 N (c

c¢) N2 is limiting. 5 molecules of NH3 can be formed
NH3 (o @l 5 10 G550 2 Ny (d

d) N2 is limiting. 10 molecules of NH3 can be formed.

16
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NoHs 2 4.68 g 5sN20s (= 15.5 g ¢ Ll Jgamall (e NO (0 (el jadly) 2SSl (2
(G Je il o

2)What is the maximum mass (in grams) of NO that can be obtained from 15.5 g
of N204 and 4.68 g of N2Ha according to the following reaction
2N>04 + N2Hs = 6NO + 2H,0

Molar mass (g.mol ") 4l sall ALK

N204 92.0

N2Hy 32.0
4.38 (a
5.04 (b
152 (c
26.2 (d

L i e I8 o il 5] 8 Lalle (ulidl 3 al) £33 gaad) el ASLedl) cilinl (3
Gl n ol sile 6 ASLaal) ) il Cun clalle dunsbicl) i yall ) 128 A jall (e 38
(ot Jelill Aales o Caale 1382019 ale 8 (DHP) O 5l 2L 53 5!
3)The Kingdom of Saudi Arabia ranked sixth globally in phosphate production,
in just ten years, it jumped from 128th to sixth globally, as the Kingdom’s
production reached 6 million tons of dihydrogen ammonium phosphate (DHP) in
2019. If you know that the reaction equation is:
H3PO4 + NH3 — NHsH2PO4 )
YDHP (s O Y a5k el ) shus sill Gaen (10 Lal ja slS oS
How many kilograms of phosphoric acid are needed to produce a ton of DHP?
5113043 kg (a
852174 kg (b
5113.043 kg (c
852.174 kg (d
1 T e Lill U 5 el ) siun il men qiea (S (4
4) Phosphoric acid can be manufactured according to the following reaction:
Caz(PO4) 2 + 35102 + 5C + 50, + 3 H,O = 3CaSiO3 + 5COs + 2H3PO4
O3S 5 () 53 S (e aild e (0 sSald) ST U 5 o ganallSI) i 8 (e A sliia J Alelia o 13)
fleaiinall o sallSll i 8 AT Loy ) st sdll (aea e 1.000 X107 kg zliY el
If equal masses of calcium phosphate and silicon dioxide are reacted with excess
carbon, oxygen and water to produce 1.000 x10° kg of phosphoric acid. What
mass of calcium phosphate is used?
610 kg (a
800 kg (b
920 kg (c

1582 kg (d

17
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} (4-2)

00 1.50 g ae G elall & cndd] (7.0 g AliS a g0 guall iy 3 5 @ 90 saaall ity 5 (e Jaila

S Gl 5 a0 gl il oS 55 55 i <323 yal) s S S e G Je i (5301 S0

A mixture of sodium sulfite and sodium sulfate of mass 7.0 g, dissolved in water

and heated with 1.50 g of sulfur which completely reacted with all sodium sulfite,
formed sodium thiosulfate according to the reaction:
) NaxSO; +S = NaxS;03

€ e Jadall 8 o 503 el iy S 5 530 gl iy 5S a IS ALS Crasall

Calculate the masses of sodium sulfite and sodium sulfate in the original mixture?

(4-3)
logia bla 5 (C;HsOH) &l Jsiiy) 5l (CH3OH) & Jsilisall L) il sin} (g pume Jilu
1Sl 8 e (50 0.352 g i CpanSY) (a5 85 80,22 g LliS Jilull 138 (e A &8 A

AUl Yl s o 90 S
An organic liquid believed to be either pure methanol (CH3OH) or pure ethanol
(C2HsOH) or a mixture of both. A sample of this liquid with a mass 0f 0.22 g was
burned in an abundance of oxygen, resulting in 0.352 g of carbon dioxide gas
according to the following equations:
2CH3;0H + 30, — 2CO; +4H,O
CHs0H + 30, — 2CO; + 3H,0
s dlida) g s flagia Jadd of a3 J iy ol 83l J giliaall s (g pumall Jild) Ja
Is the liquid organic pure methanol or pure ethanol or a mixture of both? Explain
your answer with the calculations.

18
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<l 555 gl Gaen Jislaa (e 83l ) (8 Candl 0,155 g Ll o saeielall 5 o grine V) (10 A0
Al b o st Ll o sriva oY1 Y 50 230 sl Cm 5 58]l e (e 0.0163 g i (HC)

An aluminum-magnesium alloy with a mass of 0.155 g was dissolved in excess
of a solution of hydrochloric acid (HCI), resulting in 0.0163 g of hydrogen gas.
Calculate the number of moles of aluminum and magnesium in the alloy.

19
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(4-5)

Lo s (g Alaassll Jeliill b il il g cbleliiall cp A sall A8l ] Q8 Sl ans )l i sy
Ol (g8 ilaslaall axdiinl Jadd cOleliiall S 2 a8 Al s )l e g s 3 aaSY

ol ALY e Auladl I il
Chart 1 shows the molar relationship between the reactants and products in the
chemical reaction between ammonia and oxygen. While Chart No. 2 shows the
masses of the reactants only. Use the information in the following two graphs to
answer the questions below:

) 2 5l o

7 i o 20.0 il
_ 2 18.0

6 16.0 0,
i 5 9 14.0 ]
2N NO 3 12.0
& <100
3 sl — — = s
= =0
=, - I I 6.0— —
£ 40—
=1 — — — 20— [

0 0.0

<Hheladl c‘lﬁdl SOl lasd) @1_,.;.\! ieladizalll

aailall

Jelill &y 5 pall Ailaasl) Alabaall i) (]
1) Write the balanced chemical equation for the reaction.

delaill zaaaal) 3alall 2aa (2
2) Determine the limiting reactant of the reaction.

Gl dlila) sra s 2 (Sl sl 8 dcailal) ddelaiall salall 5 ¢zl JS ClaeS ) s 5 an ) (3
3) Draw and label the quantities of each product, and the excess reactant in
Chart2. Explain your answer with chemical calculations.

20
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(4-6)

Loy il el e il (yana i cadl il 5 J slaa 8 i3l Jas ji (40 2,50 @ g s o3 Laic
ALS Cuaal 3,37 g Loy ) A CilSE caddat g Jglaall (e dag pal) J85 o3 Gl 2ay 3 50m 5 8 )8 2my

23 9a sl Zn Ag Oolza
When 2.50 g of zinc strip was placed in a silver nitrate solution, soon after silver
metal was deposited on the surface of the zinc strip. After that, the strip was
removed from the solution dried, the mass of the strip was 3.37 g. Calculate the
mass of the Ag and Zn metals present?

21
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O30 208 Jf 5o i Al JalSl e @)Y o<y bl iy s s S0 sl B e any
= 1.000 gallon G- il sas) & Aol @ yaa elal e 18Gle i Lﬁﬂ\ | Jlijaj
And) G iaY) B6liS (ia) 11,53 kg (o Al ol jlall dllaa Y1 ALY il 5 el jaa b S 5Y)

2.650 kg/gallon (iS5 48U o Lale (CO; () s 3l S 5Y)
Octane CsHis is one of the components of gasoline - used as car fuel - and
complete combustion of octane gives Carbon dioxide gas and water vapor. But
its incomplete combustion produces Carbon monoxide and water vapor, which
negatively affects the performance of the car engine. In one experiment, 1.000
gallon of octane was burned in an engine, and the total mass of the resulting gases
was 11.53 kg. Calculate the combustion efficiency (the percentage of octane

converted to CO»), knowing that the octane density 1s 2.650 kg/gallon.
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(4-8)

Nalaie maal (Ja Jslaall 138 8 HCL e paiel @l a5 ol & NaOH ( 20.0 g <
.NaOH

20.0 g NaOH dissolved in water, thereafter HCI gas was adsorbed in this solution
until it became neutral. Finally, 10.0 % by mass of saline was formed. Determine
the volume of the water that was used for making NaOH solution.

23
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(4-9)

)95 Huell paea Jslae 30 0.1 Mol e s 5ing (oala ) S () asandlSl) (501,00 g vl
el ¢lgii) any (ulSI) 852 s gall ) gal) ALK s

1.00 g of calcium is added to a beaker containing 0.1 mol of hydrochloric acid
solution. Calculate the mass of the substances in the beaker after the reaction

ends?

24
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(4-10)

(A Aol 335 MIXs S el st oy
The compound MX; is prepared according to the following equation:
M+ X, & MX;
54.47 % o s 5in MX3 S all cos 32 8.92% 1020 (e X5 (2 0.105 g LeiliS die (g gins
MX; S L X5 32 1.00 g s M 0= 1.00 g bl (S 1)) S jall mmall ol Lo ALSIL X (1
fla_juant (Say il
A 0.105 g sample of X, contains 8.92x 10?° molecules, compound MX;
containing 54.47 % of X by mass. What is the correct name of the compound? If
you have 1.00 g of M and 1.00 g From X, what mass of MX3 can be prepared?

25
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Exercise answers by pail) alila)
4-1 2
Exercise 4-1:

a |4 mol NH;
b |3 molN;
¢ |27 mol H»
d | 1.204 x10**molecules
e | 1.806 x10%* molecules
f |2.55x10° g NH3=2.55kg
14-2 qu i
Exercise 4-2:
a | 6COyg+ 6H200)— CeH1206(aq) 7602
b |CO;
C H,O
d |28.0¢ H.0
e |60.0gCeHi206

:4-3 qu
Exercise 4-3:

a 2Na3PO4aq) + 3Co(NO3)2iaq) — Co3(PO4)2s) + 6NaNO3 (g

sl & Co(NOs)y o cns (o eJeliill sanaall salall o NazPOy :1 pdy 4l

L2 Slelis s Jelill ) NasPOy 4iba) o eAailal

"Experiment 1: NasPOas is the limiting reactant, while Co(NO:s): is the

excess reactant, because adding NasPOas to the reaction caused an
additional reaction.

salall & NasPOy of O b eJelall saad) saldl (4 Co(NO3), :4-2 @bl

L) Mol Cuns Je il ) Co(NOs), 4l Y tdaildl

Experiments 2—4: Co(NO:): is the limiting reactant, while NasPOs is the

excess reactant, because adding Co(NOs): to the reaction caused an
additional reaction

14-4
Exercise 4-4:
Theoretical yield =49.92 g P4
Percent yield = 90.1 % P4
14-5
Exercise 4-5:
Theoretical yield = 24.3 g Cl»

Percent yield = 82.3 % Cl,

26
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Problems — Answers Filecal) @lila)
(4-1)
1 |a
2 |c
3 |d
4 |d
4-2
S) = 1'50—0047 l
n(s) = 37 = 0-047mo
n(Na,S03;) = 0.047mol
m(Na,S05) = 0.047 x 126 =5-9 g
m(Na,50,) =70—-59=11¢g
4-3
LeleShs Ziumll 5a (pe Aailll COy Y 5o 20— % = 0.008 mol
(5 i Ll o 2 Sl e 30l €O Y 50 226=22 = 6,875 X 1072 mol

J st Gl JiLl) o lsiay)
(s I Ll of il e 357 €O Y 50 222=222 5 2 = 9,565 X 10~ mol

il ad B 1Ly

S5yl il e Jali Jildl o Nl

27
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(44)
Mg+ 2HCl—= MgCl, + H, (1)
2Al+ 6HCl— 2AlCl; + 3H, (2)
Al = —mol
n(Al) = 57 Mo
Ma) = 0.155 —x l
Tl( g) - Wmo
(2) Aaladl) e
oY = 3x l
n(Hy) = 547710
:(l)ﬁqbu&\ O
) = 0.155 — x l
n(H,) = 243 mo
12".-.’55\ (Hz) QY}A
0.0163
n(H,) = > =8.15 X 10~ 3mol
3x+ 0.155 — x 815 % 10-3
54 243

x = 0.123 = m(Al)

0.123 .
n(Al) = 57 =4.56 X 10°mol

0.155 — 0.123 y
n(Mg) = 543 = 1.32 X 10~3mol

28
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(4-5)
lg‘:ﬂ.p—w 2;_.5‘-:-1;-—-—-'_»
v 5 ] S—
4. °. ] E——0 i 10
ST T S RHE NI
i [ s H E —
° el = e el Featal Aelazlizall
aastal)
(1
ANH; + 50, —~ 4NO + 6H,0
(2
Oy Sy 322a4ll 33l
3
0,) = L = 0.469 [
n( 2)—32— : 4mo
m(NO) = 0469 x £ x 30 = 11.3¢
6
m(H,0) = 0.469 X < X 18 = 10.1g
4
m(NH;)reactant = 0.469 X < X 17 = 6.38g
m(NH;)excess = 12 — 6.38 = 5.62g
4-6
Zn +2AgNO3 =Zn(NOs), + 2Ag
m(Ag) =x g
n(Ag) = mol
=l X
n(Zn) = > X079 mol
m(Zn) reactant —Ix % x654=0.303x g
27 107.9

m(Zn) remaining = 2.50 — 0.303x g
x +2.50 - 0.303x = 3.37
x=125g=m(Ag)

m(Zn)=2.12 g

29
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(4-7)
2CsHs + 25 0, = 16CO, + 18 H,O

2CsHis +17 O2 = 16CO + 18 H20
m(CsHis) = DV =2.650 kg/gallonx1.000 gallon =2.650 kg
Octane converted to CO, =x g
Octane converted to CO = (2650 —x) g

* 16 44— 3.082x g CO2
1142 <2 **r=2Ueexy

X 18
1142 X o x 18.02 = 1.420x g H20
2650 — x 16
STV X > x 28.01 = (5200 — 1.962x) g CO
2650 — x 18

X —X . = - 1.
114.2 5 18.02 = (3763 — 1.420x) g H20

The total mass of CO;, + CO + H>O produced 1s 11530 g. We can write:
11530 g =3.083x + 1.420x + 5200 — 1.962x + 3763 — 1.420x
x=2290g

sl ef ficiency = =1 x 100 = 86.42%

4-8

n(NaOH) = % = 0.5mol

NaOH + HCI — NaCl + H,O
n 0.5mol 0.5mol 0.5mol 0.5 mol

m 18.25g 2925g O9¢g

10 29.25
100  m(solution)

m(solution) =292.5 g
m(H,0) =292.5-29.25-9=25425¢g

V(H20) = 254.25 cm?

wibgl Gludlylg pglall slualg »




HRENNGE s
s Manhibe .-d: NSMO
_(ﬂ)
Ca + 2HCl = CaCl, + H»
n (Ca) =1.00/40 = 0.0250 mol (limiting)
m (CaCly) =0.0250 x 111 =2.775 g
Nn(HCI) Excess = 0.1 — 2(0.0250) = 0.05 mol

m(HCl) Excess — 0.05 X 36.5 - 1.825 g

The mass of the substances in the beaker after the reaction ends =2.775 + 1.825

=4.60¢g

(4-10)
Molar mass Xo= = 8.902'1—01?)20: 70.9 g/mol
6.02x 1023

The mass of X =1/2(70.9 g/mol) = 35.45 g/mol. This is the element
chlorine

Assuming 100.00 g of MX3 (= MCls) compound:

1mol Cl

54.47 g Cl X ————=1.537 mol Cl

35.45 g Cl

1mol M

1.537 mol CI %
3 mol Cl

=0.5122 mol M

4553gM

————— = 88.89 g/mol M
0.5122 mol M

Molar mass of M =

M is the element yttrium (Y), and the name of YCls is yttrium (III) chloride.
The balanced equationis: 2Y +3Cl, —» 2 YCl3
Cls is limiting:

1molCl2 2mol YCI3 195.26g YCI3
70.90g CI2 3 mol Cl2 1 mol YCI3

1.00g Cl, X =1.84 g YCI3

31

ibgll alualyllg aglell slialgl



S ek NSMo
05 Gases <Ij&ll -5
O30 (e B3 s3na 33l Lot (815 ol (5 oLl 5 calada 0 gy anlY Blall 2 e o8] S5l (S
Agaliie V) Ca g lall caat A Sl Alall 8 as 5 3 sall e Gt S aae o (g a2 50 e 5 ol 5
aSiaad el sgd) (o ol apna g & e L8 Jaad) Cpaad 6 5S dpaal culd 35 3l of V)
aladiny iy ) (amy Jadindg (o) 5 ey JS o) sell 138 (ge 150K 1508 i (i )Y dndla
L Tl e sgl) ) (5 AT 3 5 Ll Aalany Uiba 23 o] 31 iy Sl iany 33 5 cliabusa|
Human beings can survive for weeks without food, for days without water, but
only for a few minutes without air. Although relatively few substances exist in
the gaseous state under normal conditions, gases are of great importance.
Fortunately, we live at the bottom of a vast ocean of air held to Earth by gravity.
We inhale a large amount of this air every few seconds, keep some of the
molecules for our bodily needs, and then exhale other molecules that our bodies
no longer require back into the surrounding air.
o3 L2 2 55 (0 alel) (g Tl 8 Al (5 g e Al 5 AL (il i gt 3 s ) )
AlS) gl iy 8 al Y eV o Y Sl ey QU Jas e o Lalld chigea i gyl JB
ot o i L 13l IS a1 IS 1Y) () Adem Ay 5 (sle i) 4 le Ay elall 25
OF @l s Gl Sy ale oy ) s Y el andios (5 55 Lais oS5 cale )l J 85 Sl 5 la
Yol e cpan€Y) K30 g labia el Gl SALLL adlla sale a5y doaliie VI Wik & oWl
Fuals el ghad 8 S U cclala ) 8 Qa4 jidie Wl ) eati Y Sle 4ol ) Uil e sy
£, ) aillay sale 2a g Aaalie W) Lila b (pansSY) G s Ll @l Cases
The gaseous state, like the liquid and solid states, 1s merely a physical state in
which matter can exist under certain conditions. Water, for example, is
considered a liquid, but this does not preclude the possibility of water existing in
a gaseous state (water vapor) or a solid state (ice). If this is the case, why is it that
when you want to drink liquid water, you say, "I want water," but when you want
to use ice, you don't say, "I want water," but rather, "I want ice"? Isn't this because
water, in our normal lives, usually exists in its liquid state? Similarly, when
oxygen is mentioned, for example, the only thing that comes to mind is that it is
a gas, and we don't imagine we would buy it as a liquid in bottles, but rather as a
gas in specialized cylinders. Isn't this also because oxygen, in our normal lives,
usually exists in its gaseous state?
0555 o (e Uy Aigma il 38 Al e 168y Cansl 8L () b 5 30m 5 ns ) Y1) o e Ui sy ¥
Lo idanall Gl e ol cllig iy aall WA e s sl
The above leads us to only one conclusion: matter is not limited to a specific
physical state, but can be in any of the known states, depending on the
surrounding conditions.
O Gl g Ui g 5ald) laaie aa g8 il da s a5 Cag yall s dpaal ol - Gaw Lae - Sy
4y dualy g Balall Al A ~Maal s J5Y) S s Lagiy Caosy Le 1,8 aala uallaias
O 4 daly g Aanlil) cig Y #Maal o Sl o] atm s sl Jaa die ()5S Laia Bala) Al
STP 3o el 3e 45 1 atm Jaawalls 0 °C (g5t sl all da 2 (88
From the above, we can deduce the importance of defining the conditions under
which matter exists. Here, we must distinguish between two important terms that
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are often confused. The first is the term "standard state of matter" which refers to
the state of matter when it is at a pressure of 1 atm. The second is the term
"standard conditions" which refers to a temperature of 0°C and a pressure of 1atm,
symbolized by the symbol STP. )

Ad el 350 s da o Ll e 25°C 30 adl da o 3l e pllacal il ) 5 LY jaas |yl s
Finally, it is worth noting that 25°C is commonly used as room temperature.
i 58l La g Sl Hladl sdgd Al Sailadll Lad 4 jlad) Alad) 8 sale o8 Wea (e ol 5¢d)
) £ il 5 Gailiadll oda 5 ) Ay el La g P18 sl s
The air around us is matter in the gaseous state. What are the fundamental
properties of these gases? What laws describe their behavior? And what theory
explains these properties and laws?

oo Al o8 Al ja 4 st Jaadll 138 8y Uagd Leliadl g salall Vs Ll o 4 5l A ()
L8

The gaseous state is the simplest and best-understood state of matter. In this

chapter, we will examine this state closely.

The Kinetic-Molecular Theory 4y Jad) AS el 4y las

it iy il ) pailad il 133 pai - 53a e Lagia S - s Sl o 552 (il - 580
138 pua g il s Lgilagun A8 5a Ao 2L Balall @l gl Caal 3 Ay Sad) AS jal) 4 15 73 gaill 128
ol Rl S jal) el aiid s (Ll g i ja s D) Cilasen anay (3l il i s3e 73 palll
ASY) Gl Al
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: )
LS gy Joadli Al e ) il o gans 455l 13a 3 pivaa p s 1) Cilapun (e O ) (S5 ]
L Lagd sl 5 il (5 8 aneii Sl e Lia Lol
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.
3 Al lapns aadaiai s dgaan lalas¥) 8400 gde 53 jaiue 4 n Alla & Jlal) lasus 2
AL 2885 Y o pall adbaill g A e ) Clapun (o Cladbiail) aad 5 cdgd aa 65 Al gle gl lany
Aadbaial) Clapadl o Jain L3S g A jall
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.
O ) Sy ey g capnad) A1 rlas (Slale Waaay 48 ja A8 Cilapeall 48 ja e 215 3
ALY AL sl A jal) A8
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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 = Y%mv?

:‘-ﬁm‘&.‘“‘%ﬂkﬂ:v c*@\m:mc%ﬁ\ﬁu\:KE:@;

Where: KE = kinetic energy, m = mass of the particle, v = velocity of the particle.

A8Ual) AaS Calias A (Lasit eyl Led Ll 431 Y1 el ALY L e 3Lt e e Cilapuen f 23

(sl O aaid Bald) Clauad 48 jal) A8l Jass giad Wliia 5 ) jall da ja aadind (g Ll 48 5al)

A3 A ) Al Jaw gie STay (o g Leandd 3 ) gadl da 3 2ie (pjle

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 <l Jlall dalad) (el gad)

Leia s el 521 (pn 2303 AN 00
Gases have several properties, such as:
;.M.eﬂ\ m
el e 3 )38 LY 43 a5 53 ele ) (K3 Sla o A G laa o SISE @) 3l 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.
‘Dl LAY .
AoleaiD AL g8 13 dmiiia LS 5 saeiia <l ) Cilapusn
=  Compressibility:
Because gas particles are widely spaced and have low density, gases are highly
compressible. ;
i g alabimil U sle gl 853 ga gall Sl ZEUST Chany Lo ria gy 5-1 JSU
Figure 5-1 shows what happens to the density of a gas in a container as it
compresses and expands.
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Figure 5-1: The expansion and compression of a gas in a closed container change.
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» Fluidity:
Gas particles move freely and quickly in all directions, which makes them spread
easily, and for this reason gases are considered fluids.
-A8UCY) (l835) w
IS il mdd Sy 451 Y] (LS aladlsl ey e 138 5 Lecany (e Baclite ) Ll Cilapaa
i3 allda o Slie Jaxaal) 8 Sl Al g ) iy (Al anall juad 3 jaas Lgialy ) 5l Sl
G dl) 43S 5 ¢(2.95%10-3g/mL) s 543 20 °C ) s da pa die ) Sle AUS o anid Laa DS
A2 YWy L5 5 6500 LsISI 4GS ey 3 candll A8US (b A (19.3 g/mL) s s liall
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* 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.
The density of chlorine gas at 20°C is 2.95x10 g/mL, and the density of solid
gold is 19.3 g/mL. Therefore, the density of gold is approximately 6,500 times
greater than that of chlorine. This large difference between the two densities is
due not only to the difference in the masses of the gold atoms and the chlorine
particles, but also to the presence of large spaces between the gas particles.
Therefore, the number of chlorine particles is less than the number of gold atoms
in the same volume, as stated by the kinetic molecular theory.
RAB Y L\EY .
Dbl Gy iuilaie d staa 0 5S3 AU JSG Gl Lgadans ae 21 5iaY) 5 J3UEADT AL ) ) e
L) ansy Laa dalle 4 pay ol jatip s saclie 43l il sall of ) lld qa s lall g 5 e
LU gSall G Aliald 2 gas 3 a9 (93 JalSI ) 350G
=  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.
:ééﬂ\‘g i) w
Cilapn (o a5 8 (b ilapmand) G paS Al Y 15085 5 Ay pal) S al) & el Ui
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= Diffusion and Effusion:

S5-2 JSAl & minge s

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.
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Figure 5-2: Diffusion and Effusion
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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
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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 where there was no substance. He discovered an inverse relationship
between the rate of flow and the molar mass of the gas.
AU i) H3al e Ui iy Jlall (3855 de ju Jana Of o oy 8l ala) o ¢ gild
A sdll
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.

s

ALEN (e p ol A8l ilapuaall 5558 Cupm il A e 351 Aa jally JLEEY) e s 2aia
Adaleally Lesdt 3 ) jall da o 2ie Al <ol Hlall S jal) A8al) o i Can g (Sang
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%omv?
ZEUAY) Jaus gie A0l cilareal) Gllias K1y AT LU e (e Ciliad ) Cilapen AHS 8 el aa
OS] Ao giall dgaiall Lo juw (65 () oy ALEN lapuuall andi 4 5al)
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.
Clagual) (e Uagd ALEN Cilapuand) i 3 ¢ ihaie 138 5 LEBY) Jare o U ol s ¢ 5318 Gukaiy
Jara (A5 Eall dpuialy ) A S alal ja 538 aladiuly CliSay Lgasdi 3 ) all da )3 die 4443
Ople i)
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,
tob L A all ula ) ) 25-1 Gl
Exercise 5-1: Choose the correct answer from the following:
Ol Jle ot Jare b 4 mL/s Jamas Bpaa a8 DA (o g hed) dsa g 0 Jle iy ]
faadall Ly DA
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. 1.78 mL/s
b. 9 mL/s
c. 18 mL/s
d. 24 mL/s
A0 pal) ALY vl U 2] 35 Sle LS e sy 43 lia s 301414 o L Ao s a5 12 2
¢ seaall Ll
2. A gas whose diffusion speed is 1.414 times that of sulfur dioxide. Calculate the
molar mass of the unknown gas?
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a. 16 g/mol
b. 32 g/mol
c. 64 g/mol
d. 128 g/mol
Pressure =

elll Caany (oS | e daind) of dadica b yilla Jan o o) sell (S
Air can lift a huge airplane or bring down a building. How does that happen?
CA&LIlA:\.MAJ\ JRYY (—;M SJALMZ\S);‘:AI\_UI; QQ}}Q\JJ&Q Lﬁ}zé-’ ;\}@J\ U‘ cela_\LAS
Slapeall gran 5 ¢ sana 0805 b piant 58 gy ol IS Ly Aminnall o) pn 5 ) Luiany
N DS 1 580 iy
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.
agans Le o8 Aapadll medacsl) 5 ) Gl e sl <l 50 (8 patsall cilaslaill e A jiall Al )
DA () LaS | (il (5 Al S i () 5 ddaalall ARl o i O iy sy (3ll darall
sy il o aall ol s Laclad s (8 bl Al gd Lo sa )0 (g sall Cadlall 8 Lasall
Lokl
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.
e A s Jad) Clagua asliai e Aailill (F) 558l il o8 5lall 4 iy ) (P) Lasall Ll
40 e.lj:.a.aj Lﬁm (A) ck..d\ daliw
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:

aae (8 LS8 ((ame a3 Ll Glapes 220 e jle die a3 Jarall aaiay ¢ Ul
Jorall (1833) g Aalie s 5 JSI3 g8l Cusmads) ¢ Hlad) Cilawea
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.
2% 30,000 o 2 Ao (JBl Jow A=d g8 Y1 530 3 g gall aaall (médsy ale JS
O Al s Waddie Jaduall 05S — 4y jlaill < jillall alaes odie (3lad 53 g lai ;Y1 s
Gelica <l jitall ¢ ) geniia Jazal ol 13gdy | puan€Y) (all Cunos slae YU lial 3 ad 3l
Jrall e i (5 i e liall
In general, atmospheric pressure decreases with increasing altitude. For example,
above 30,000 feet—the altitude at which most commercial aircraft fly—the
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pressure is so low that a person could faint from lack of oxygen. This is why
airplane cabins are artificially pressurized to maintain a suitable pressure level.
oy glail) Jala AT e Ly elodl b cige all 3 sea 8 Jazaall (aliss) 05 Ulal e 8
(2 Ll Tzl (5f) o A Tarazall (i o Aef glai )l ) adi i Leaind 3V 8 40 5l
Ay Gus o)l A A ) elld gos | e LS O Cay gl Jala AR dazall gy L
AV i Lae izl a1 Al e ) ) sl
You may sometimes feel the effect of the pressure drop as a brief pain in your
ears. This pain originates within the air cavities in your ear. As you ascend to a
higher altitude, the external pressure (i.e., the pressure around you) decreases,
while the internal pressure inside the ear cavities remains the same. This creates
an imbalance where the higher internal pressure pushes the eardrum outward,
causing pain. ;
| S5 Laa ¢ Can gt e 23 311 ¢l 5¢d) T cé,d\ o) sl Bacluay g «8 ol g ya S
AVL gl a3 s o Al g sl Jareall 6 gl
Over time, with the help of yawning or swallowing, excess air is expelled from
the ear cavities, equalizing the internal and external pressure and eliminating the
feeling of pain.
Measuring Atmospheric Pressure sl bl (b

GOV (m s A4k jesd ol sel) (e f e ala sl 585 ¢ e Ll g sal) Larall S,
Jala e () il 3 31 edans e (g sall il qdy 5.3 JSA b e 0 LS (H)
8 gyl Jaiall 8 (8 50 13.5 2 slall (pm A EST) Alall (3 300 A8ST 1 ST ¢ Sial) o 5s¥)
i) sl aall (Ko (Jiialls . 760 mm 51 0.760 m ok gl ) G 2 sae ad) e
Qg dandin Aoy (3530 3 3a0 303 ccsnad 3l 10.3 m oV sm o) Aelis ) Jomy oLl (0 2 500

Jrall Ll
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.
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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.
s slaa U U8 e gaily Joaia (350 (10 (58 ¢ smmanall Jlall o il aadiuad 31l i gilal)
S5-4 JSAN & mn e 4 LS 30500
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
e —— —
T T
P.
Hg Hg
Hg S k43
-/
_ Pgas > P atm Pgas <P.m
Pgas =P atm _ —
Pgas_Patm+PHg Pgas_Patm'PHg
(a) (b) (c)

gl lawall (g gy ) lara
The gas pressure is equal to
atmospheric pressure.

ibgll alualyllg aglell slialgl
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The gas pressure is greater
than atmospheric pressure.

gl hxall (e il lad) Jarca
The gas pressure is less than
atmospheric pressure

o yhall # gida jie gilall aladinly ) darca (il 5.4 JSA)
Figure 5-4: Measuring gas pressure using an open-ended manometer
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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 bl Gl 5 o dy sl
1 atm = 76 cmHg = 760 mmHg =760 torr =1.01325 bar = 101325 Pa = 101.325 kPa
Real Versus Ideal Gases ) el Jiia Aadal) Glad)
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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.

58 e an sy b IS (s s L AN et £ e e il Badad) 3 o
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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.
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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.
Sl Cilasn (o dn g i Al 2y sy 4S ke 3l Leie 0350 L) Cilasnl) gl 53
Gl e R Class G 058 G sl e S Qllat o8 el ey b LS Al
A8l 5 568 il (558 (any sl Lgnmny Aol Clapuanl) Al il Y1 dati o sl
dnhadll e ol Hl Glasa Jada g Bl jladl & shus dadadl) &l Jlad) ellos Y 1A 525 JSA)) 8 LS
5 pa S Clasen e Jilas 33 4y 3 3l e ST Vin (CaHig) GlsallS sl 5,00
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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 (C4Hio),
occupy more space than an equal number of small gas particles, such as helium
(He). For this reason, large gas particles tend to deviate from ideal behavior more
than small gas particles.

Gl Hladl Clapaa (g Al G 6 Laby Chmaca ddadl) e @l Jlall Gilapuns G @iladll 1525 Jll

L eldl iy Jie Apkadl
Figure 5-5: The attractive forces between nonpolar gas particles are weak,
whereas the attraction between polar gas particles, such as water vapor, is strong.
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The graphs of PV/nRT versus P for several gases in Figure 5-6 show that for an ideal gas,
PV/nRT = 1 under all conditions, but note that real gases approach this value only at very
low pressures (usually less than 1 atm).
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055 (PV/NRT = 1) Al & gLl e 3l ) a3y LY (200 K) <l e 32l P 5 PV/NRT Slainia :5-6J84
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Figure 5-6: Plots of PV/nRT versus P for several gases (200 K) .Note the significant deviations from
ideal behavior (PV/nRT =1). The behavior is close to ideal only at low pressures (less than 1 atm).
o Al 5 )l e yo die gyl Sl laaiall Jiis PV/NRT amsy & 680 pall da 3 il moa il
Bl da ) e )) WIS I @l gladl e jiST gy ) @l of BaaY (57 JSA)
To illustrate the effect of temperature, PV/nRT versus pressure for nitrogen gas at various
temperatures is plotted in Figure 5-7. Note that the gas's behavior approaches the ideal as

the temperature increases.
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Figure 5-7: Plots of PV/nRT versus P for nitrogen gas at three temperatures. Note that although nonideal

behavior is evident in each case, the deviations are smaller at the higher temperatures.
Lol sie JE Y il Ksle jelal adal ) O g asell o3 (e dadlaiul (S plisiul al
Adlad) 3 ) sl cils a9 ducasdiall
The most important conclusion that can be drawn from these graphs is that real gases

exhibit behavior closer to the ideal at low pressures and high temperatures.
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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 dig s
JGia IS e sl oty ) e sl el sl s s il ) Slaasl (s ]
(5-8 Sl 4 sk sl e Blae
Irish chemist Robert Boyle conducted the first quantitative experiments on gases using
a J-shaped tube closed at one end (Figure 5-8).

Mercury
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Figure 5-8: 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.

et U Jpaall 3 i colatl LR ) 35 Aana s pemanal) SN T g 8N Ui (o

Al ganall ol sel) Ll aaall L& laiial) g Juala o cililall o3

Boyle studied the relationship between the pressure and volume of a trapped gas.

Representative values of Boyle's experiments are shown in the table below. These data

show that the product of pressure and volume for a trapped air sample is constant.

Ll aaall bidl) x anall
Pressure Volume Pressure X Volume
(in Hg) (in?) (in Hg x in®)
117.5 12.0 14.1x10?
87.2 16.0 14.0x10?
70.7 20.0 14.1x10?
58.8 24.0 14.1x10?
44.2 32.0 14.1x10?
353 40.0 14.1x10?
29.1 48.0 14.0x10?

Alabealls gLl 138 i (S
This behavior can be represented by the equation:
PV =k

a4
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This is called Boyle's Law, where k is a constant for a given sample of air at a
given temperature.
el (e J ¥ g sl JS3 ailiah il Cppans ) aladiinly Galbad) J gaadl 8 cllad) (i 20 (g
o A Jaa ) a5l 138 ) lailly (529 JSEll) 201 3l adadll e inie (W dilia P oSl
(48.0 1 24.0 () anall Cieliahy (29.1 ) 58.8 () i Caaill oy Jazaall (aliss|
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It is convenient to represent the data in the previous table using two different
graphs. The first type of graph, P versus V, forms a curve called a hyperbola
(Figure 5-9). Looking at this graph, note that as the 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.
die 4dle @8l (P) haiall o LS cnliy Sl (0 82230 23S (V) a0 Sl g 5 (aty
A3l A )y Qs
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.
sl Jganll ygp 0056 i 8alely bl ame ol o i g 53l e pemnl) (K63
The second type of graph can be obtained by rearranging Boyle's Law to get:

V—k—k
P P

& Al e aatiaal) Jadl) Adalas o
It is the equation of a straight line of the type:
y = mx+b
m= ksx=1/Pscy =V dallodd b sl ball adaldiddads pycJaall m Jing Cus
D 4adald A Uine Und T s g0 by aladinly] /P Qe Voans, gl JUlis b = 05
(5-10 Jsally A Lls
where m represents the slope, and b represents the intercept of the line. In this
case,y = V,x = 1/P,m = k,and b = 0. Thus, plotting V versus 1/P using
Boyle's data gives a straight line with a zero intercept as in (Figure 5-10).
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Figure 5-10: A plot of V versus 1/P gives a
straight line. The slope of this line equals the
value of the constant k.
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Figure 5-9: A plot of P versus V shows that
the volume doubles as the pressure is halved.
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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
e sl e Ly i 038 il (S 13
Therefore, Boyle's law can be expressed mathematically as follows:
PV, =P,V,
aaall g daieall (Al A8 5211 JSEN (o
Figure 5-11 shows the inverse relationship between pressure and volume.

!

PV, = (1 atm)(10L) PV, = (2 atm)(5 L) PV = (4 atm)(2.5L)
= 10atm- L = 10atm-.L =10atm-L

Al skl Jah Jldl aaa Ji) 4 shu¥) paSe e il il &y 5 Ledie 511 JSl
Figure 5-11: When the external pressure on the piston of the cylinder increases, the volume of
the gas inside the cylinder decreases.
:5-2
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a0 ol an caaal) Aege dlia s ISV 5530k Jsmase 0.5 L 4ena & )8 (5550 Jals aaailly il
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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?
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Charles’s Law Juld o sid
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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 5-12 illustrate
how the volume of a specific amount of gas changes when it is heated.

!#la(m
L — 600 mL
4
LS
L S V)
Q 300K
Vi 300mL Yy soamt
T, — 150K I, — 300K
=2 muUX =2 mUX

e Gl 28338 ¢ Glall Cilapad A8 jal) 28U 1 35 Al sl Cpdid die 512 JSal)
Figure 5-12: When the cylinder is heated, the kinetic energy of the gas particles
increases, pushing the piston upward
(T) CAISIL ) a Aa 5 e L pla ity Sl (g 83350 40aS (V) s o e JUME G silE (ay
8 all s jaganall bl andil) 5 450 Hlall 28Dal) 5213 JSA (pe JaaSly g cazcall & g e
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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 5-13
shows the direct relationship between volume and temperature in Kelvin.

(L) pnnd
g B

\

N\
N

= Teso 300
- _bet” J0sox, TL}

i} L] 100 150 200 350 30 350
(K3t 2 52

OASIL B ) jall da 3 g aaad) (e 48311 15413 JS4
Figure 5-13: The relationship between volume and temperature in Kelvin.
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Charles's law can be expressed by the following mathematical relationship:
Vi 1
T, T,
:5-3 quu
(-;;Aj\uas;ja.a‘))\ﬂ 3)\)&3\:\;)&\4. 350K$J\J;2AJJ.L& ()67L5J\mu;;}c M
$45% _)siay
Exercise 5-3:
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 ol - gl (58
e 3 3ol all dajy Gl ) LS8 fele gl ) pann D Glaws plabual e haaall Ay
aaall s a1 13 Jaaal) 0l 3 N 5 all Aa o sal ) 505 1 el g cilalalaaY)
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. ;
514 IS b cem 3a 58 LS el e Ul candis Zallal 5 ) jall s o ol ) sl a5 385
Gay-Lussac found that absolute temperature is directly proportional to pressure,
as shown in Figure 5-14.

10L 1.0L

1 atm

= 0.01 atm/K = 0.01 atm/K

=culd = cals
33 ) o Lae Ol Clasad RS 5all Zdall 2oy Al ghull cpdd e 15-14 JSAl
' ) daam 31 i Al aas Y5 oY) lans Lilaladaal
Figure 5-14: 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 5-15
shows the direct and proportional relationship between pressure and temperature
in Kelvin.
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Figure 5-15: The relationship between pressure and temperature in Kelvin.
Al dpumly ) A8 Al g) - sla 538 e il (S
Gay-Lussac's law can be expressed mathematically as follows:
Py P,
T, T
:5-4
A 0 adi i O gy 288 €0.00°C5 )y A2 die 30.7 kPa 5 sb Sl (e dige Jara (S 13)
aaall ¢ g tie Sk Cie Loy ia Rall &y 30l 5 ) 5all
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 <l alad) ¢ g5L81)

Sy LS el Jlall dplaadl cliplaill (e dyaedl b anall 3 ) sl da o g Jaaall (e IS sy o (S
o) Jadl alad) ¢ o8l ale (allay sy (58 8 sl -sla 8y LS Ol Jise 588 mad
A3 Gl i) g aa g S e Ba3ae AT aaall 95 ) jall A ja g lariall (G ARl 23y e
Bolallia ) ae Bayh g canall ae BuSe iy Janialls 5 AY) il il 853 sa gall A8Dlall pui
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
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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.

1Y) sl e sl ) el plall ¢ il e el (S
The Combined gas law can be expressed mathematically as follows:
Py BV,
T, T
DS 4Gy Hha el Ay LS canl g yarie (e ST et ) Jilsall Ja e @l Sl aled) ¢ gilal) elae Ly
e AV Ol Al BELE (el el sladl o il LSy (LgiValea JSHE (550 (5 A Y1 AN oyl g8l
Al S 6 el il Sn s
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.
Al Ul () 8 Jageadi s Ty = T 18 pnal Jmiacall i Lty 2305 5l sl A 3 iy 13) Sl
B o8 e Janii Cag ylall sda ¢ias
For example, if the temperature remains constant while the pressure and volume
change, then: T; = T,. After simplifying the Combined gas law under these
conditions, you get Boyle's law:

PV, = P,V,
Al S 8 s 3y Py = Py 1l SIL 5 padl Aoy sl S Lk WS Lkl s 1Y
d)\.&u}lﬁé&wu}#\adﬁ TN
If the pressure remains constant while the volume and temperature in Kelvin change,
then: Py = P,. After simplifying the Combined gas law under these conditions, you
get Charles's law:
Vi 1
T, T,
Al S ¢y 53 s 3ars V) = Vi 108 GSIL 5l pal) Aoy Jaiall i L 5 sl 33 1
;ﬂh}g\;dﬁﬁécquj‘)ﬂ\a& Caad
If the volume remains constant while the pressure and temperature in Kelvin change,
then: Vi = Va. After simplifying the Combined gas law under these conditions, you
get Gay-Lussac's law:
Py P,
T, T,
:5-5 quu
vie el Lol anall (2isil 13) o sl Jle e die Jaraa Caelialy (S U 5 ) jall da jo L
L 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?
116.5 °C .a
-20°C b
-156.5°C .c
389.5°C d
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Figure 5-16 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.
35
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Figure 5-16: Relationship between volume and number of moles.
g sl o gaall (5l yall A 2y daiaml (e S g e adf o pats da B g jala g -
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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 (n)
1Y) il e Gl g ala 8l 0l e il (S
Avogadro's law can be expressed mathematically as follows:
i 1
noon
Laie 5 Aagues Lagias 0555 Apaill (8 claginny qa (16 Jeli e aif (6 53 5ol il () 538 amn
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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.
roens ) Al e ae Cpnos el Al s Jelil e Wi geY) acand (il (Ul Ju e
For example, suppose ammonia is prepared from the reaction of hydrogen molecules
with nitrogen molecules:
3Ha(g) + Na(g) — 2NHs(g)
3mol 1mol 2mol
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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 lvolume 2 volume
O s iil) s G s gl ) () Wisad) dnis o113 (a el ) O oael) ana A

5-17 JSal dminse s WS D:] ol 4:2 1 a (ke liiall) asiall

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 5-17.

ou+'-—-c‘€,€

J

3H,(g) + N»(g) — 2NHa(g)

3 molecules + I molecule —_— 2 molecules
3 moles + 1 mole R 2 moles

3 volumes + I volume e 2 volumes

sl Je i) & ) ana o A8 15417 JSA)
Figure 5-17: The relationship between the volume of gases in a chemical reaction.
The Ideal Gas Law AN PR
leale U8 a1 &l Slall ol 8 (adli lie s
Let's summarize the gas laws we've learned:
Tsn Gsd e (s 058
Boyle's Law: When n and T are constant

Vl
X —
P

Psn sl die 1 J L o508
Charles' Law: When n and P are constant
Vx T
TP s vie ;g pola il 538
Avogadro's Law: When P and T are constant
Vxn
2l ) @ gl Canal A ) Aalas e Juanil julall oda s LiSay
We can combine all three expressions to form a single master equation for the
behavior of gases:

v nT
cx_
P
V_RnT
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
L.mmHg

8.314

62.4
mol. K

Al (KA 8 e ge LS Lgidlie a3 il Adaguad) Sl ) 8 e (5 sing Al W) (58 Gl JaaY
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
. nikT nRT R
V= V= V=
P r r
1
Ve P VaoeT Ven

| Boyle's Law | | Charles’s Law | Avogadros Law |
s Qs Jd ¢ il sola b o5l £5-6 i
6.0 atm S baxia s 70.0°C 5l s 4a )3 dic aaly il deaa sle s A e B A Ol
‘cali B Ol Y e d2e Cania A Jlall OV g dae K130
BsA )&l e SOYwaxe g
Al 8 o sl e Sle JS A5l bl 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 is 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

plll il Y e g 5T Vs P aa Y Q‘M\ﬁgwgi NEW gt g LN )w\QﬁGeMQiM
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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 Al w3355 12 Aigel (M) Al ) RS s 1 il a1 ¢y 08 5 A sl 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 ardi e duel (D) ALY sl o Al LAl ¢ gild g ABSY)
Density and the Ideal Gas Law: To find the density (D) of a gas sample, use the following law:
p P
RT . .
Dalton's law of partial pressures Ay Jad) b guall () gilla 5300
Gl o Je dleal) Cplal) Jaidii Le Wlle (&1 duail) &y jlal) o) gall & glas e Wil jo 8L S oY) A
T e Jail Al lgasas OV Al ol A ) e i e s sisall o) sed) e z3 el ) jall
Al b s le & sSa US) 82yl A jall da shaal) ga JSH Jakaal) Jagi 5 el 3 (e
So far, we have focused our study on the behavior of pure gases. However, practical
experiments often involve studies of mixtures of gases. For example, when studying air
pollution, we might be interested in studying the pressure-volume-temperature relationships of
a sample of air containing several gases. In this case, and in all cases involving a mixture of
gases, the total pressure is related to the individual partial pressures of each gaseous component
in the mixture.

 sana (5 b I JLaN G Jadal IS Tuial) A Sl ¢ g3 3 658 ans (536 B Ly 50 ol
Logis Jeli s pn oo a5 Ldal 3 5l (S i jall L sl
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.

EJ\)}“&;JJ}M\Q}\S Pr=P;+Py+P3+....
Volume and temperature are constant
‘ < ‘ Combining K ‘
’ = ! 4’ the gases > ’
9 - ' 4 @ | ° p e 9
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A el b gl o gilly ¢ g1AT JasladS maia 550518 JSi)

Figure 5-18: Schematic illustration of Dalton’s law of partial pressures.

Pr=P,+ P,
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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=X;Pr
:5-7 quox
0.116 mol 5 CoHs (= 0.421 mols CHs (= 8.24 mol e s5ind oanhall Sl (e die
Ol Soall bl dad oo Ld 1,37 atm s sbs ) Jalal K darall IS 13) C3Hg o
fC3Hg hsud!
Exercise 5-7:
A sample of natural gas contains 8.24 mol of CH4, 0.421 mol of C;Hs, and
0.116mol of C3Hzs. If the total pressure of the gas mixture is 1.37 atm, what is the
partial pressure of propane gas C3Hs?

Collecting Gases over Water slall (398 < Jlad) pan
axdio Wil oyl (Ja) o Gloelall 358 3l pand (1 3le el Jeliill il ()5S Laie

o songd) Ole ZUY el )6l 5 Huel (aes pe el ) Jelas
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)

e GRS e suel e (35 sie 5019 JSA b pem sl Jie Slea a5 LS ¢ Al asantl
cw\@dsm;ﬁ@;fd\ Sl u\ua\).\s\és:hﬁ)ﬂ\ 0da M}@A}ﬂ\’&)})@gc—o;ﬂgjcw\
D = e o (Ui 48 Hlal) 03gn aendll Gaans el Sl S Vs el 8 4t S (g i Y
To collect the gas, we can set up a device like the one shown in Figure 5-19. 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 1is 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:

Pr = Py, + Py,o
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Therefore, we must take into account the pressure exerted by the water vapor
when calculating the amount of oxygen produced.

Hz(g) + H20 (g)

A 958 J'Ud\ e :5-19 Jal
Figure 5-19: Collecting a Gas over Water
‘ o i5-8
die AUl SV Gle aaa GIS elall (368 a ganli gl ) IS GSE e U CpanSY) Gle e o
L o) Lale Sleman o3 ) eV A Gl | 128 mL G sbase 762 mmHg s s i 5 24°C
22.4 mmHg (s sk 24°C 2 clall 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 is 22.4 mmHg.
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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:

Jelatal) S il 4aeS
(pa> 5l Sl 1) Jeldiall &Y sa L &Y e (pa sl il y2)
Amount of - Moles of — | Molesof | — Amount of
reactant (grams reactant product product (grams
or volume) or volume)

:5-9 G
Exercise 5-9:
NaN; <& )3 el alalaial (ga315 .l bdl 430 s¢1) LSY) 3 (NaN3) o geall 251 p2diy
(SYS
Sodium azide (NaN3) is used in car airbags. A car collision causes the NaN3 to
disintegrate as follows:
2NaN3(s) — 2Na(s) + 3N2(g)
o bl An gl s e (g i) (o Dol Al sl QALY jaiall an gl Sl ey
2 60.0 g <S8 e 3l 823 mmHg 5 «80°C ie Ny Jle ana cawal 5 5al dga e 5l
.NaNj3
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 NaNs.
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In 2013, newspapers reported that scientists were asking the British government
to ban the sale of helium-filled party balloons, because their use in scientific
applications such as superconducting magnets meant they were too valuable to
waste on children's parties.

g5l GOl aas 1ln5 0.916 mg M S5 e sie (A (gsall Gl 8 o sl aal 5

4.2x10° km3 s (a0
Helium is present in the Earth’s atmosphere at an average concentration of 0.916
mg m > and the volume of the Earth’s atmosphere is approximately 4.2x10° km?.

Qua‘)mcws);j\ MM\QA'BJP)A\ 6‘5:\3:\.@1\ GY ge 220 Cnl (a)
( a) Calculate the number of moles of helium in the Earth’s atmosphere?
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(b) Assuming party balloons are spherical and have a radius of 14 cm, calculate
the number of balloons that can be filled with helium from the Earth’s atmosphere

at room temperature and pressure.

(5-2)

Siaill ) dillaall 3 ) sl da 50 Cuddl) g Jarall Coieliad 13) U ) aaa e il L

What will be the effect on the volume of an ideal gas if the pressure is doubled
and the absolute temperature is halved?
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(5-3)

a>=ll volume = 2X s>l volume = X

el e sy (8 5 5all 3 iyl LH Ao 23n cage e sl il wna o al S, (a)

Al pallda o o) gyl L) el AV Sled) Jaraall aa sl
(a) Assuming that the volume of the connecting tube is negligible, determine the
mode of dispersion of molecules in the two flasks after opening the valve and find
the final pressure as a function of the original pressure. Assume the temperature
is constant.

s s WS Sl JS G el haeall sas (b)) 1 atm
X Al ?GJS“ -4daa M Gu\;j\ I ‘;

S A ge ) (e g g — © He
= TR
=

(b) Determine the partial pressure of @ Q Ar
each gas as shown in the side diagram. 3 @ o

Note: The relative numbers of each ) o Q

type of gas are depicted in the figure. o

ypeorg p g @ o
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Suppose two 200.0L tanks are to be filled separately with the gases helium and
hydrogen. What mass of each gas is needed to produce a pressure of 2.70 atm in

its respective tank at 24 °C?

5-5

Ll U 1205l 385 Jama 38 5al) Bl 3l o) sell i b 24 1z-oﬁ)ﬂ\ﬁ
«CFs 1ob Lae 32al 5 (28 12-051 4l daaa 1:1.066 & (137.4 g/mol = 4d sall A 1]

912-0) 524l Axpaall dapall 4 L CCly sl «CFCl; «CF2Cla «CF3Cl
Freon-12 is used as a refrigerant in central home air conditioners. The rate of
effusion of Freon-12 to Freon-11 (molar mass = 137.4 g/mol) is 1.066:1. The
formula of Freon-12 is one of the following: CF4, CF3Cl, CF2Cl,, CFCl3, or CCla.
Which formula is correct for Freon-12?
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sl bl Aassl g3 Ll S5y o5 (g sl CaDladl 85 50lill 4 uiand) LS yall 38 53 Y ol ) 5l Jida ic
LS el Gund Apabisa 33l o g 5ing il e el sell (e @l il Bae G wy ¢ S il 35k A lall
ety Asginall LS pall y pail aiansi s 5Ll Ll sila s S Slen st Jaem 55 D 2y oy 4 uinal
s)sedl e Ao el 5 cel sgdl (8 Cnslsill s oyl st (& LSl el 5 3 sand) b 4 suaall LS )
89.6 o (s5ind oa ¢ sell Ao o Sl il Julaill elal leall ye 238°C5 748 torr 2ie 3L Aau
CaSa ylagiin JSI O jall sae g halall A cuual ((C7Hg) cusd 58 a)a 536 153 5 (CeHg) cri pl a0

(e Osale IS 6l al) ppmy = Balal i e il o L Glle 0 gl gill 5 cp il e O

vol of X

fX = x 10°
ppmvo total vol of air

When analyzing the air trace organic compounds in the atmosphere are first
concentrated and then measured by gas chromatography. In the concentration step,

several liters of air are pumped through a tube containing a porous substance that traps
organic compounds. The tube is then connected to a gas chromatograph and heated to
release the trapped compounds. The organic compounds are separated in the column
and the amounts are measured. In an analysis for benzene and toluene in air, a 3.00 L
sample of air at 748 torr and 238°C was passed through the trap. The gas
chromatography analysis showed that this air sample contained 89.6 ng benzene (C¢Hs)
and 153 ng toluene (C7Hg). Calculate the mixing ratio and number of molecules per
cubic centimeter for both benzene and toluene. Mixing ratios are often expressed in
ppmv (parts per million volume) as shown in the formula above.
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(5-7)

Hy )& 32322 L z&Y HCI Jle (e 02 j4aS 202,747 g S jriaiall 318 e die Jeli 2

258 S e drpa e (MnCly) Dxindall 2518 S 50 50.951 atm 5373 K&l a 4 0 xie

fle i) & mlll Suaiall

A 2.747 g sample of manganese metal is reacted with excess HCI gas to produce

3.22 L Hyg at 373 K and 0.951 atm and a manganese chloride compound

(MnCly). What is the formula of the manganese chloride compound produced in
the reaction?

| (5:8)

e 32 2.00 atm = 25 °C 3,)0n 42 535 20.0 L 4w Jaall 4 aall 3V 58l e dygla 0 &8

OIOAN el g Le eld) il g ladal) s ) pd el passY) e 503,00 atm s e 5 el

¢ 25°C o Y2 125 °0C <ilS 3l jall a5 cdapally 4yl G 61 Ja) o313 € 25 °C ie

SR A baall sa L

A 20.0 L stainless steel container at 25 °C was charged with 2.00 atm of hydrogen

gas and 3.00 atm of oxygen gas. A spark ignited the mixture, producing water.

What is the pressure in the tank at 25 °C? If the exact same experiment were

performed, but the temperature was 125 °C instead of 25 °C, what would be the
pressure in the tank?
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(5-9)

Gaany AL H e 7.37% 5 C = 58.51% (= OsShs it Ny H C e S oall (5

Lapall 23n Sl 50 Ao e gl 3a 3,20 Ao e dpaliie And ye 33l IR (e o sl

Syl 13 A ) Ripeall g Ay 53

A compound contains only C, H, and N. It is 58.51% C and 7.37% H by mass.

Helium effuses through a porous frit 3.20 times as fast as the compound does.
Determine the empirical and molecular formulas of this compound.
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(5-10)

298 K 50.959 atm ~ic (dad Cpa s yaedl s 052 oS (e (5SS pe) (2 0S5 ouell e dpe Ll
sie el Hla 5 3l & s S 2l U e agld apand oy GuaSY) 8 LS diall () jia) 2ic
aan (e Cilaaal day ST Gaa Jidiyy 1,391 /L Ladall 483 45 375 K 5 1.51 atm
OS50l 4 dall dapall das | 811 () g0 S 5 5

Consider a sample of a hydrocarbon (a compound consisting of only carbon and
hydrogen) at 0.959 atm and 298 K. Upon combusting the entire sample in oxygen,
you collect a mixture of gaseous carbon dioxide and water vapor at 1.51 atm and
375 K. This mixture has a density of 1.391 g/L and occupies a volume four times
as large as that of the pure hydrocarbon. Determine the molecular formula of the

hydrocarbon.
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Exercise answers il ) cilla)
: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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Problems — Answers Filecal) @lila)
(5-1)
(a)

Volume of atmosphere =4.2x10° km?* =4.2 x 108 m?
Mass of He in atmosphere =0.916 mg m> x 4.2 x 10'¥ m?
~3.85x 10" mg =3.85 x 105 g

Moles He =3.85 x 10'° g /4.003 g mol™' =9.61 x 10'* mol

(b)

Radius of balloon = 14 cm = 1.4 dm

Volume =4/3 x 7t x (1.4 dm)*=11.5 dm’

Moles in one balloon = 11.5 dm?/ 24.5 dm® mol™' = 0.469 mol

Number of balloons = 9.61 x 10'* mol / 0.479 mol = 2.05 x 10" balloon

(5-2)
0555 Capmy Causil ) Zallaal) 5l jall A 0 (iS5 Py = 2P ()5S g Tkl Ade L i
58 byl o3¢ anall i) 1y = 0y 1 Ol @Y se i (T = 2T, ) To = BT,
The pressure 1s doubled so P> = 2P; and the absolute temperature is halved so
T> =T (or T1 = 2T2). The moles of gas did not change, so n2 =ni. The
volume effect of these changes is:

PiVy PV,
T, T,
PV 2PV,
2T, T,
V1 == 4‘V2
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(5-3)
o s sbally ) Ll Gl s dlea) a )58l slasall mid ey 3X 0 )3 JaaY) aaall (a)
axall 53 3 sall g ging o gl e O s s & 5Sam  X paa S 3] (3X) 4leSh paal)
Xpaall 53 G5l B le G a s Ole Gl a A )l e 2X
For the first diagram, there is a total volume of 3X after the stopcock is open. The
six total gas particles will be equally distributed over the entire volume (3X). So
per X volume, there will be two gas particles. Your 2X volume flask should have
four gas particles and two gas particles in the X volume flask.
158 alaall 8 day (4 ) gall 8 darall 8 (g ) 68 Budat
Applying Boyle’s law, the pressure in the two flasks after the stopcock is opened
1s:
PiVy = PV,
P2X 2
Po=3y =3h
GsSie D)3 10 g sanall muad Ar (539 Ne &l )3 35 He @13 5 e 4l (6 58a5 (b)
s oall o) aY 4 gl dalin ) ol JRl A sall ) susll
The container has 5 He atoms, 3 Ne atoms, and 2 Ar atoms for a total of 10 atoms.
The mole fractions of the various gases will be equal to the molecule fractions.

P 5He atoms — 0.50
He = 10total =~

P 3He atoms — 030
Ne ™ 10total =~

X4 =1.00—0.50—-0.30=0.20
Pye = Xye X Protr = 0.50(1.00atm) = 0.50atm
Pye = Xye X Protar = 0.30(1.00atm) = 0.30atm
P4, = 1.00atm — 0.50atm — 0.30atm = 0.20atm

5-4
PV 2.70atm x 200.0L
n=or= L atm = 22.2mol
0. 08206 K X (273 + 24)K
4.003gHe
ForHe:22.2 mol X ————— =88.9g He
mol
2.016gH,

ForH,:22.2 mol X =448g H,

mol
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(5-5)
Graham’s law of effusion:
Ratel M2\1/2
Rate2 (E)
Let Freon-12 = gas 1 and Freon-11 = gas 2:
1.066  /137.4\"/?
1 ( M1 )
1374
- M1
M1 = 121g/mol
The molar mass of CF2Cl; is equal to 121 g/mol, so Freon-12 is CF,Cl.
5-6
For benzene:
89.6 x 1099 x 2L~ 1.15 x 10-°mol
| 9278114~ & mo
n,RT 115X 107 x 0'08130&'1“’” x 296K
p = = . MO = 2.84 X 10_8L
P 748 torr X _Latm
760 torr
2.84 x 1078L

. . . — X 6 — ) X _3
Mixing ratio 3001 10 9.47 X 10 °ppmv

1.15 x 10™°mol 1L 6.022 x 10%3

X X
3.00L 1000cm3 mol
For toluene:

= 2.31 X 101 molecules

= 1.66 X 10~°mol

1 mol
153 x 107%g %

92.13g
n,RT 1.66x107x 0'0812{06 L'latm X 296K
P = P = thm = 410 X 10_8L
748 torr X m
410 x 10781

Mixing ratio = 300l 10° = 1.37 x 10~ 2ppmv
1.66 x 10~9mol 1L 6.022 x 1023

X X = 3.33 x 101 molecul
3.00L 1000cm?® mol fmotecutes
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(5-7)
X
Mn + xHCl - MnCl, + EHZ
4% 0.951atm x 3.22L 0.100mol
nH = = = . mo
2 RT 0.08206L atm % 373K
K mol
, x mol Cl
mol Clin compound = mol HCl = 0.100 mol X y——— = 0.2mol
imol H,
mol Cl 0.200mol Cl _0.200molCl 400
mol Mn ImolMn — 0.05000mol Mn
The formula of compound is MnCl,
5-8

Py P Py mny
PV =nRT,V and T are constant.— = — or— = —
o ony P omy
Larall iy g sall Dlall O e 220 ae Bk canlily laraall 8 (38 T V055 Lexie
sl ol daUae
At 25°C: 2Hyg) + O(g) = 2H,0(y
Glas g o Gadati (1 1 2) 4wl iy Jeliia Oy s ISV Hy s 2 45 sall Alalaall ldats
3 2sasl 15l daxe Jelily Casn O) e b | atm O (Hp (3 2 atm JS del& 13) (A Jazial)
die 3 ga gall ol LAl Baaaall Alelétal) salal) o s g el o 1380 3 &Y (K6 <Oy o atm
A3 O 4 Jelal) elgii) 2y 25 °C
latm 0,
2atm H,
Py, (excess) = Py, (initial) — Py, (reacted) = 3.00 — 1.00 = 2.00atm 0, = Py
at 125°C: 2Hy(g) + O3y = 2H,0(y) is produced at 125°C

slall (e Yay) il GV el Ll i o 8 25 °C Jikie 125 0C ie Alsal) (3 a5l 33
Allesal) 53] Tpilly s sale i) e 35y oy Mlan Y1 il 50033 ) (52 s Lo (i)
25°C 5o Y2 125°C 5,0 daj2 32 O (= 3 atm 5 Ha (e 2 atm Jelé 2 o (i idall (e
2atm H,0
2atm H,
Piotar = Po,(excess) — Py (produced) = 2.00 + 2.00 = 4.00atm

Py, (reacted) = 2.00 atm H, X = 1.00atm 0,

Py, o (produced) = 2.00atm H, X = 2.00atm H,0
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(5-9)
1S el (10 100.0 g Ll of (a5
Assume we have 100.0 g of the compound:

1molC 4.872
58.51g C X =4.872mol C,—— = 2.001

12.01gC 2.435
1molH 7.31
1molN 2.435
34.12g N X = 2.435mol N, ———= = 1.00

2435
CoH3N (A 4y il dapall
s s Zaauall A pall 2
CoH3N = 2(12.0) + 3(1.0) + 1(14.0) = 41.0 g/mol.
iy yadl Aageall 4] el ALY

14.01gN

Rate, _ (M 1/21t (1) = He,3.20 = 1/21\/1—410 l
Rate, <M1> e gas i) = e, 2.an = (4.003) Mz =41.0 g/mo
Ay ) Dl e o Ay el dapall 1)
(5-10)
2 il AL (S g 4 L i) il ass () oS (CoHy) 03256l e 1 L Ll il gl il
1k WS (H20 + CO»)
1.391 g/L x 4.000 L =5.564 g products
PV 0959atmx1.00L
MeH, = pT = 0.08206L atm = 0.0392mol
T X 298K
PV 1.51atm x 4.00L
Mproducts = pr = 0.08206L atm = 0.196mol
e X 375K
C.H, + oxygen — x CO; + y/2 H,O
Onilalaa axs
(0.0392)x + 0.0392 (%) = 0.196 (mol of products)
(0.0392) x 44019, 0.0392 (y) 18029, _ 564 duct
: ( — ) : 5 ( " ) = 5.564g (mass of products)

Solving:x = 2 and y = 6,s0 the formula of the hydrocarbon is C,Hg
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Intermolecular forces i Jad) G s 480
ol el G e ol e A g pasall a5 el jall g Qlladll (o B A A D) G (5 68
LS yall Al J85 ) el da Gaidd Ladie (Aoluall g ALl cpllall 3 ST o gl o2 i
(a8 il () S5 Lgummy e iy hall end qay il g ST Lgamny (e o i ey Gl

B andly G AL A ) 3 LA A (e AT RS o3 JLd)
Gpanli 5 i il Ja 53 83Ul Cilapean e Lo 5 (0 A Sl L 50 5 8 e 5 (53T (5 8 lin
o s O Oan b sl gl (B LA s A s A el bl 3 s 8 o) A
(O s leaai¥) ia 5S) salall Al 58l 5 dalad) Cliiall (e Al g pusall o A 3al)
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.
When the temperature decreases, the kinetic energy of the molecules also
decreases, so the molecules move closer together and attract one another. As the
molecules gather, small drops of liquid begin to form.
This transition from the gaseous state to the liquid state is called condensation.
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
el A O A8l o anid A Sal) el i) (6 @ (e hmal Al G o8 Ol cale US4
die el (e J e pail AIS 4] KT e 4l a Jaladag) g )l 5kl A 5O A8 e J81 L)
o oWl G 25l Jsall 930 kJ Gl i Wild O-H daul 5 sl w15 (il A
A3aIL salall alae) cany (lalall A jo die g A el o (o580 368 (sae eSad A gall lle il o
s 58 Al il 13) Sl Ao el A ) saldl J ead o J8 A el c g 8l e dasll 3 5D
Sl A sl glule s o o Jin 1368 B salall Ay yall G (5 58 Aad (e ST A Balall A Sl
A g i lS LSS ¢ et dn 0 Gl Liad Gy My B sl (e a0 (e
O 5 ) A Baly 3y alall jleaai¥) s 3 ala i cllle 5 lenai¥) da 5o il ) dgaany g iy Hall
Al
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.
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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 ‘
&1 51 Al lide ony eddlall s b o gl Ala 3 ulS o) s 3 gl (al 53 48 yaal g
L@_ﬂnu}uhmﬁ\dﬂmbhabumd\dﬁjcukﬂ\uudjﬂ\ 29 A all (5 68ll e AdliAL)
Lt jealiall any O iy sall gn il £ s o s a5 At 5 sagll Adag) 5 (U 0 i 5 58
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.

Dipole Forces ulail) Al (g 68
Jan ) iy sl o sl el iy 3adl 83 5 sl a6 8 o il Al s 58l O

" oSt s S (5 gl 3 il G L

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.
‘\JLA” odu\‘éﬁ‘*\_ujaﬂ\ u\.uﬂ\o\a.ﬁ\ 6-1 ds.ud\‘)g_l.-u a)sl\ o.\%‘buﬁt_m\‘) “;\Lﬂ\e‘)ﬂ\ J\JLAE}

3t ST ) e gl i o 5p agall s cdbiall o sa LS clulaio JSE )5 Y 4ild Ji) gudl 8 Wl

ey oy Lgilha) I e iy 3adl o
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.

ol 28 il ) Calibas):6-1 JSA)

Figure 6-1:Alignment of dipole molecules

Dispersion Forces il o 68
& A5e da) ) e Amaall (g 8 o2a ity dpladll e Sl jall o s A QAT B o
Lol ) A ¢(oail) (558 Ul il (5 8 Ca a5 g SIY) a8 g Iy A4S

s o2 Caia g e Jsl OIS 3 il 3 5 Sy ) LY
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

73

ibgll cilualyl aglall slialg




S ek NSMo
the London forces, after the German-American physicist Fritz London, who was
the first to describe these forces.
- AY e Laaaal ol s i Ladiad ¢4 o 5SIYT o) JA00 Aadla cili g 5SINT A8 s o s g
AV o sall Ay Y Conadl o i Lanany iy SV ol (8 -Lagradlac e Logus Y
(s AV e e b Sy S e S - Alaall - 5153 S Jgm il SIY) AAES ey
58 LA (s (pn Vg Al L) 5 o 58 i A8 Al A 53 S IS
(odady) Al datiadl caliadl) shalie fp Adimca CHLES
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.

A5l el s L) 5 8 B cladl 162 S

Figure 6-2: Attraction in the scattering forces due to temporary polarity

65 il Cilapall 3 diman ob Cilapall aany il LS5 cilagn) gen Gy coiiil) (o 8 L
(Al 5 A gl A B0y ) e L il 213 3 5 LS 3 8 ST i) (5 68 pranca aeadl s 31 3 LalS Sl
Crm il (5 8 ye s gl 2 sal) il e il (5 8 o aad @l e Ylie il g iKIY) aae sl )

il e pana b gl iy 3a
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 Jua
A1 LSl 213 G 3 sl il 32l G s il (81 530) g 5i e
Example 6-1
What are the type(s) of intermolecular forces between the following pairs of
compounds:

CsHs <NH3 (d) I>,NO; (c) CBrs<«Cly (b) H2S¢< HBr (a)
Al e g (ko e Led) Akl g ol gl 1A i OB ) o) gall sl iy 1l A5
APPIVEQRIPON TS XPEPURLE i | DR I3 I EWEN P IO G
Method of solution: Materials should be classified into three categories: ionic,
polar (with polar moment) and nonpolar.
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Let's take into account that the dispersion forces exist among all the materials.
Jall

Gl e 3ok Gl dadl o 83 ga gall QAN (5 8 U N gludad LS 3« HoS 5 HBr (a)

il g ) ddla) Qs

A 5 8 (e 3 ke Sl el nBa e sall (o588 A (el e (LS e CBry 5 Cla (b)

‘_5353\ ol REIR ‘_J\ faliia) ch\laS e g‘_s‘)a 58 JA Jilia B‘).ﬂ\ @Lu 9L5‘)3 JJ:\;\ NOs sl (C)
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Example 6-2: Mention the type(s) of intermolecular forces in the following
materials:

(a)LiF  (b) CHs (c) SO,

Hydrogen bond Al g gl day )
A pall AESH 52y 33 55l Jpaal) 3 5an) gl e panall b Agabiiall il all (il a0 223
G5 ) g5 G s Y e 88 3 ) GLlal Aa o 850 31 63 s 3 gmy 5 chle
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
1s due to an increase in the number of electrons that increase the dispersion forces.
Y O A 6-3 JSA 8 mage s LaS bl o8 i 14 Ae sanall (8 Gan 5 el DS e ()
.)L*-Mn 1aa 171615 I‘LL‘:}“.;‘J‘ palic (e C):‘.;})A:"SJ\ LS ya @'“
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.
(NH3¢H20 ¢HF) <2 ¥ S pall e Y1 GLlall 2a 50 (588 cile ganall s2a (0 dluls JS 3
S AY) LS Jall ae 45 lae LS jall 028 G o3ladll (5 58 ) 3 gm 138 5 caBsia s Lae & Lo
okl A5 5 8 G Ranld Alls a5 riiem sl Al 5 ) 08 o35 L e panall b
:\_uja.d\;\h\‘)]\(ssuscd\:ﬂbu@j‘)&su\dﬁwi‘)A@M‘)Au&j‘)dﬁ% BJJCAC._IAM‘;\M
s Jsaall adllu s S e F e O ¢ N <l glé eolei iS5 F-H 5l O-H 5/ N-H Jie
In each of these groups, the higher boiling point of the lighter compounds (HF,
H»>0, NH3) 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 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.
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Figure 6-3: Boiling Points of Hydrogen Compounds

This attraction can be written as follows: :5¥) JS&l) e il 1 (i€ of (S

6-3 Jka
Colal) e dian gy Aadl ) 0380 O OSa AY) GLS ) e g
Example 6-3
Which of the following compounds can have a hydrogen bond with water?
Na" (HCOOH <¢F ¢« CHs ¢« CH30CH3
3 pualiall 2l o g ing o oy ol ge diaa gy Adasl ) 8 e ol 0380 S :dall A5, )k
o2n 2aly daii jo Guagoue 53 el (Ll sl a1 51 Gaa g sl Aalall 250 e Al
. _paliall
Method of solution: To form a hydrogen bond with water, a substance must
contain one of the atoms that has a high electronegativity (N, O, F) or a hydrogen
atom bonded with one of these atoms.
oo IS 0S8 oSy oLl pe A gy ddayl ) Na® 5 CHy o ) 058 O oS Y sdadl
lall ae d3ia 5 jaa 4oyl ) HCOOH <F- <« CH;0CH;
Solution: Neither CHs or Na® can have a hydrogen bond with water. But both
CHsOCH3 « F- <HCOOH may have a hydrogen bond with water
i e diaa 5 Al (35S Of (S AY) LS Al e g 16-4 U
Example 6-4: Which of the following compounds can have a hydrogen bond
with the same:
(@) CH:OH  (b) C¢Hs  (c) HaS
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Intermolecular forces lead to certain properties of liquids.
(il gud) al 55 pal (1
The most important properties of fluids are:
Density 43l -]
Y O gl AUS e e dblall o gal) ZEES o WS dled jan) RS e f 50 gud) A8ES
i gilay G Al gl Alls 8 43S (pe JA ASlal) Ala 6 4l o0 et o3 slall Alls
Cra sy ) oS ey A1 5 AV alagY) (63 el (i yall oLl ) I3 5 gmy B 5 el e
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
1s 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 il -2
Ol I clgazan lalasi¥) 8 dad) 4 jall (5 8l Jady L) Jals iy el Sda asly 0
il all Cdag (558l o3 oy e i Y iy all 4 cadie 5 T e 0 5S5 (558l Aana
O sl 4l mdand) Blaazail ) g5 e Jaad) sai o) e )
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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Figure 6-4: Surface tension

Cohesion and adhesion (<>dly dulaill -3
(c\..d\} ;LA\) dplinall Al jall o cadladl) =) edlulail) 5 48
(Tl s elall) Agliiall ye il jall G @il e 3 ke (A 5 (Guadldll (5 8
Coherent forces, which are the attraction between similar molecules (water and
water)
The forces of adhesion, which is the attraction between dissimilar molecules
(water and glass)
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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.

Gl 5 Ll 5 8 16-5 JS

Figure 6-5: Cohesion and adhesion

‘ 5 Viscosity 423 -4
)3 LSy 3 paam ST Sl (o el a3 ol 3 LS Cam gl all il e glia
iyl OISl i) A Sl s il A 300 S LS A 300 5 ) jal) s 2
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
1s also affected by the intermolecular forces and the shapes of molecules.

fluidity 4 524} -5

Ul 3ole 3l goad) by bt 5 L Lgialld Canny ¢l g el e Jil gl 5l Jlad) Caias
eVl dolae &l el G (o 68 JA Aais Gllh g cleadi 3 )] jadl da Ha die <l Jlall LA (e

) e Ao sae J81 00 sl 5 655 12g]
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.
Crystalline Structure okl sl
A ans Ala) i Aalitie 8yl o IS (8 sl ) Jpni g bl B3l e Laiga
Yy (pran) Lgudany 435 A8Dle <3 £ a0 A saaas pliagl & dliall salall Cilapun alais Cus
GAY 3ol (pe aliand Ll g olitl) 48y Hla il Laga Balal) sl Calissy
When a solid substance freezes and forms crystals, this occurs in a highly orderly
and precise process called crystallization. During this process, the particles of the
solid arrange themselves in fixed positions in space that maintain a constant
relationship with one another. This arrangement remains the same for a given
substance regardless of how crystallization occurs, but it differs from one
substance to another.
Jdiai Say s cabiiie odin JSG 8 4 ye Leily da ) Wbl 1 Ll 50 sale 4y k) ddiall salalls
5 () yla COE a5 Ay sLl A ey ) ea Lal&SE  gea A5 ) sl & Clasuald) &8 g0
6-6 JSAll A reia ge 8 LaS Sl (5S4 ) 5L A3 Jals lapaall DA (1
A crystalline solid is a substance whose atoms, ions, or molecules are arranged in
a regular geometric pattern. The positions of these particles in the crystal can be
represented as points within a framework called the crystal lattice. There are three
ways in which the particles can be arranged within the crystal lattice to form a
cube, as illustrated in Figure 6-6.
Simple Cubic darsdl caSall (1
s ol sl B,3) ddad JS @ i cdad GISHY) sie Jasall CanSall 8 A sl A0l Ll ¢ 6
s sind @l g gas) g Al Jala s A e 14 Ayl ) IS Jid 1A 6 slaie LA L b (ss
Uled Jasd 3as) 93 )0 e ddayund) 4aeSal) 44180
In a simple cubic structure, the lattice points are located only at the corners of the
cube. Each point (representing an atom, ion, or molecule) is shared by eight
neighboring unit cells, so each corner contributes s of an atom to a single cell.
Therefore, a simple cubic unit cell contains one atom in total.
Body - Centered Cubic auall (5 )S je caSall (2
Al 5 SV e ALl Lalaall ) A8leaYl canSall S je 8 300 Ak 3 ga g0 allaill 38 aay
4e gana Lo gl OGS el 3 ALIS 3,05 (8 X 14) LY (e 3aal 55,0 Ao sas) sl Al (g gias
Aall 8 Uled 05 )3
The body-centered cubic (BCC) structure has a lattice point at the center of the
cube in addition to the eight corner points. Thus, each unit cell contains one atom
from the corners (8 x Y8) and one whole atom at the center, giving a total of two
atoms per unit cell.
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In this lattice, there are lattice points at the eight corners and at the centers of the
six faces. Each face-centered point is shared between two unit cells, so it
contributes half an atom. Therefore, one unit cell contains one atom from the
corners (8 X '&) and three atoms from the faces (6 x '%), giving a total of four
atoms per unit cell.

]l (555 pa das case

AaaSall LA dalial ) Y1 6.6 JSAl

Figure 6-6: Different types of cubic cells

s IS5 sl 8 LS s Jlail) Jangy 4y ) o) 4S8 ol HAl g 5 jraal 4 sl Baag
55l S8 2any LIS O e el san 5 () kil (S5 «JalSI SV oLl (o sheae 2 s
Al
Unit Cell: The unit cell is the smallest repeating arrangement of atoms in a crystal
lattice that possesses the same symmetry as the entire crystal. It is essentially a
miniature model of the larger crystal structure, and the shape of the unit cell
determines the overall shape of the crystal.
b A sl G )y ISl Calias 5 (JSaN e 2l ol sl cliial s U Jgaad) i gy
skl 8 dliae gl @lli il Hlal o LS A8 Ll 55 8 Wil (BB Y ) bl Clas g - slaus
el Y B sl cwadinl g el Y Gl (el B s by a cisoall Cuadiul S
Ba = shaudl Lavie &l il ) 30
The following table shows seven classifications of crystals based on their shapes.
The different crystal shapes arise from the faces (or surfaces) of their unit cells,
which do not always meet at right angles. In addition, the edges of these faces
may differ in length.
In the table, the letters a, b, and ¢ represent the edge lengths, while the symbols o
, B, and y represent the angles formed where the faces meet.
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The seven crystal systems and the differences between them in terms of unit length and angles

J<a Ll o 3o gl Jgha il
Shape Angles Unit Lengths System
ERPLA ||
=g |[C = = = ° = = :
?f' ; a=F=y=90 a=b=c Cubic
’T’} a
e
— _ _ o _ ﬁ}‘y‘ L;GL'J
A a=p=y=90° | a=b#c Tetragonal
o | R
"r”‘a b

w\liw “ .‘.~
a=F=y=90°| a#b+*c o el

Orthorhombic
o Jaall S
a+f#y+90 a#b#c Triclinic
=L i
ol . ‘
I i ¢! a=p=90 _ aa oY) i
| | HL‘{_TJiéH y = 120° a=b#c Hexagonal
< A2
_ _ o _ _ L;‘ﬁ"“
a=pF=y#90 a=b=c Rhombohedral
— — o J,}An 95.31;‘
a=y=90"%f a#bzc Monoclinic
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Two variables together determine the state of matter: pressure and temperature.
These two variables have opposite effects on a substance. For example, increasing
the temperature raises the rate of water evaporation, while increasing the pressure
raises the rate of vapor condensation.
A phase diagram (or state diagram) is a graph of pressure versus temperature that
shows the state of a substance under different temperature and pressure
conditions.
EJ\);A;‘)AS;T Qe cu\ﬂbwaﬂm‘m\u&&"_\g; cewJ)H\LjaiA 6-7 ds.o.ﬂ\u.m
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' ol e (il 3
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b sl Laie aa gy )5 ) jall A ja g Jaraall (g ya raa g o sdall (55N il Ll e
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Figure 6-7 shows the phase diagram of water, which can be used to predict the
state of water at any given temperature and pressure. Notice that there are three
regions representing the three physical states—solid, liquid, and gas—as well as
three curves separating these regions. Any point along one of these curves
represents conditions where two phases of water coexist.
o The short yellow curve shows the pressure and temperature at which ice
and vapor coexist.
o The long blue curve shows where liquid water and vapor coexist.
o The red curve shows where ice and liquid water coexist.
Al 5 ¢ Lall AN Al o) yiuall g e85l 5 ol panl Cibiniall laie adalis 1 (A) el (oansd
S a3Yla b el latie aa g Cua il s 3 al) da s i bl el e 3k 255
(E9%
The point (A), where the red, blue, and yellow curves intersect, is called the triple
point of water. The triple point represents the specific temperature and pressure
at which all three phases—solid, liquid, and gas—exist simultaneously.
bl 5 ISy Rl etV deadll A A N aand ol LIS Al il juaall (Ka
3l da o g Jareall e SIS Jiad ) Adadill o g s jad) Adaiilly (B) Adadall Caady s il
M da jall 3 all da ja die elall Hla0 325 13) 5 ALl AW 8 56 o bhae oLl (S Y
il ) el iy s of Jasall 5ol 3 (e
At the triple point, all six phase changes can occur: freezing, melting,
evaporation, condensation, sublimation, and deposition.
The point (B) is known as the critical point, which represents the temperature and
pressure beyond which water can no longer exist as a liquid. If water vapor is at
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the critical temperature, increasing the pressure will not cause it to condense into
a liquid.
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Figure 6-7: Phase diagram of water at different temperatures and pressures
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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: i) £ g
souilatial) Jaglial) Y f
Ll Tl aal) o e il e (o il (s Y g Lol L) ) 4 580 7 i o shie 5
by sn cuddl coldally cudally Cipai ST ) Gfiale (e 05SE Andlaie Jallae (& Jilladl)
Bala o Y ) aalall s A3 Bale s ) Balall) o3 ) bl salal) s el Ll ¢ Lyl
c(:\_ﬁ\l e
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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.
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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:

Clileall Jaaid (Saall (o il o gl Clagn (30 58T Lo glaall Clagun 1(ghall Jaglial) -]
ey a3 (50 &S 1Y) pfisaal g ida ) Jaadi g g 38 pall 3 pdall 5 s il 5 i i) aladiuly
ROENPATS

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.

el o s sl 4l S Jemd (S W5 o i Y s e Allazn 3 g Ad) Jaglial) -2
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2- Colloidal mixture: Its particles are medium, they do not precipitate and its
components cannot be separated by marinating or filtration. The most abundant
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.
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Tyndall effect: It is the phenomenon of light scattering as it passes through the
colloidal mixture, such as the passage of sunlight through smoke-saturated air,
suspended mixtures show the Tindal phenomenon but to a lesser extent, while
solutions (homogeneous mixtures) do not exhibit the Tindal phenomenon.

Factors Affecting Solvation s A B _5sall Jal ol
REETLON U DVIRENRURE LI DYNENE S PN WP S IV R |

Solubility: It is the process of surrounding the particles of a solvent with the
particles of a solvent.
A5 V15 Agadadl) LS pall () an SUA clgaludl (s cilpddl of gLl ddee 3 ae ) sl aal e
L il el iy o Ul adad 38 sl by elall iy 3 alabaal (3 sk (e celall 8 s
sl G daill (o8 38 el 2 gry Mg ¢ uall ol () SISI gl 5 0503 saaall G g
LS el (ot La s clgale il i oY) elall Wl o G el (5 8 bt Y Al g Q)
Ll 5 0285 B sl edasy elall iy ja aadaial aaid ccadladll 1 daasy W 5 )SllS Ay el
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bl e g ok el (o G ¢RI Bac ) el

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,
except for gypsum, and this may be due to the strength of the forces of attraction
between the gypsum ions, which the attractive forces between water molecules
and ions cannot overcome, 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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Figure 6-8: The process of solubilization in ionic and molecular compounds
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Dissolution heat: The total change in energy that occurs during the process of
solution formation.
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Jata MU il sl g Jsbaall 3 ) A o

There are three processes that occur during the dissolution process:

1-Breaking the bonds between the particles of the solute is an energy-absorbing
process.
2-Expanding the distances between the solvent particles is also an energy-
absorbing process (processes 1,2 are known as the energy of the crystal
lattice and are symbolized by the symbol (Uo)).
3-The occurrence of interference between the particles of the solvent and the
solvent, which is a process of energy and is known as the hydropower card,
symbolized by the symbol (Huya).
If the absorbed energy (Up) is greater than the energy released (Hiya), the
temperature of the solution decreases and the total change becomes absorbent,
but if the absorbed energy (Up) is less than the energy released (Hiya), the
temperature of the solution rises and the total change becomes repellent.
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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.

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.

el oa da 0 e Cudall (e B3ane LS (A sl O (S QI e daeS el a1l

Solubility: The maximum amount of solute that can be dissolved in a specific

amount of solvent over a given temperature.
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Figure 6-9: Solubility curve of a number of materials 4 60
1. 50 KCl
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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 <) jlad) dild

3l cula s 4 5l daiiyall 5 jall Gl 50 die & 51 SIS 65 sV e 4303 Ui
138 pdl ankaiod Ja Al Clpdall 8 Aalaall 3 5l o sall apend 1B gie o gl 138 5 diadaial
U gy Jslaall (e il 51 il Claguadl s Jal) Cilaguad 458 jal) 48kl G S 9l oL)
1 Dbl Clall Al a8 glaall 3 ) e a3 cal ) LalS @llil A pall 3 5) jadl il o 2ie S|

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 S sl hariall
413 G ) Jslaall (568 Jaraall ala ) LalSE ¢ dullaall 8 A013al) Ay el o gall 40ild 8 Jarall i
050N Al 6 Gl o s siad gd el 13 e 3 ) il il adiad Cude sl 3 5

058 ) il Ade xi die g sall larall e el dara i Sl Jslae 8 I
Aadad) 2 A ) ) Jaxazall e e d ddal) Jala ) s0 S0 2l G Sl dakia

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.

89

ibgll cilualyl aglall slialg



- ®go g-OULY
W“‘D“Iﬂf Mawhiba NSMO
o2 ey platiy whand) ) Jladd) e (50 S Sl Sl jle clelas aclian ellAl dagi g
Ciams (St oo Sy ) a5 e 4 (550, il 5 e lanall i i e
(S (il B ganll it dmy (g 3N g pdiall (8 (s SN ST U Sl 4l alisil

As a result, carbon dioxide bubbles rise from the solution to the surface and
evaporate. This process continues until the solution loses almost all of its carbon
dioxide, and the solution becomes tasteless. The decrease in the solubility of
carbon dioxide in a soft drink after opening the bottle can be described by Henry's
Law.

g2 5all (P) Sl laiia pe Byl Gl (S) il (& Sl 4013 caniii ' e (5 518 o 5il8 (aly
&8 gl Jarall Jamy Ailia (g 3ladl g pliall 35 5 )8 () o5 Ladind "5 ) jaldl da ja & o die JiL) (54
ol LS A0l o3 (S S5 tanall (8 U130 5o S0 e 5 Sl ol e sl 558

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
Py P,
.4..1.\:..@'.'” EJ\PR.AJAJSCE,MM' y \‘_,‘Jc:\.:u.i\ﬂ\w "cﬂqu&u

The result of dividing solubility by pressure remains constant at a given
temperature.

Solution Concentration Jolaall 38 i3
st 5 cniall (e Barae 4peS 8 400 Il 43aS (e jumy (aliie 1 slaall a8 5

Solution Concentration: A measure that expresses the amount of solute
dissolved in a specific amount of solvent or solution

o 220 2Ry Ul (Wsd ol 138 50) Lba s 5SSl o il (S 1 38 A (8 ) A

Jstaall g il s o500 Apuliall & HLall 3035 ¢Sy S 3851 e e 3l 3ol
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.
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Focus Description
Mass of solute %m/m LKL 4 gial) dpal)
Percentage by mass = — X 100 .
Mass of solution Percentage in terms of mass
el Al
AL il el = — % 100
Jgladl 41K
p b | Volume of solute " %v/v daaaall 44 gl dual)
ercentage by volume = Volume of solution x 100 Percentage in terms of volume
i ) = T
ol 4 sl Al = x 100
Jstaall aaa

moles of solute

" liters of solution

Y}AS‘ ).\S\ A Y)AM = ’ \. ‘ - y Ny
1Syl 4 =
(s o ) 40 AL J | -

M (oY sl Sl 4% sl

Molarity (molar concentration)

moles of solute

m= mass of solvent (kg)

Jaadl Y g d2e
(Y 5 3 ) Yyl = "
" bl Cpad) A

m (Ml S ) Al

Molality (molal concentration)

X, — o
A T Molar fraction
(A)O3Sall Y o 20
. | | =
(A)uﬁs“s é}d s b Sl @Aal GY gall 22 g
Example 6-5: :6-5J5a

pomalisdl (10 2.80 g (o gsing asnlindl 2S5 aaulisdl 28 S e 5,00 g 43S Lyla
SLadall 138 b o saud sall i S ALY 2y siall sl L

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%

Jal

ol ptlatead) KCT A4S my Jie s (KoS AS myy Jia ALK et 3aaete Y alae L) WS

tob LS Lea Laaolae ) LSy

We can set up multiple equations involving the mass. m; represent the mass of
K>S, and m» represent the mass of KCI. The two equations we can set up are as

follows:

m; +m, =5.00g

39.10 x 2

39.10

=280g

39.10 x 2 +32.06 1 " 7255 ™2
we get m; = 0:99 g and m> =4:01 g.

099¢g

5.00g

X 100.0% = 19.2%
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1.000 dm? (4 4sabiaial cany 53l ( RTP 4aladl G pdall dic ) dm? 82 5o L saY) Jle ana b

0.957 g/cm? 438US il 1Y) J gladll ana L €10 m/m% Jslas jpasil jhial) eldl (e
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?3?

................................................................................................
................................................................................................
................................................................................................

Colligative Properties of Solutions Jallaall daalad) (el gAd)
Agazday Gl 5 i3l Clapa a3y S Jllaall 40 58 (al 53 1 Jallaall daalad) (el gA)
Tl cvantl a3 (alaiY1 (i) da s 8 i,V oo i) Tukcall 3 oaliaiy) s e
NEST

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.

s U e LeS Alall Jilladll (e e o8 @llaa - Sl

JUia ¢ Sl J slaall 3 Al ailapus 230 i oSl e ) Jaan 53) Al 5 53S0 Aiia o) ga -]
NaCl = 1 mol = Y Cl 5 Na® Clasall (10 2 mol 5 p g3 goaall 3y 518
el Jslaall 8 a LS ¥ gl dae B (ALeS)) Ll daa 5 V) e e 050 -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.

2- Non-ionized materials (do not conduct electricity) so that the number of
moles remains the same in the aqueous solution.
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‘ First: Decrease in vapor pressure
. o  Vapor pressure: The pressure produced by the vapor of a liquid
K. when it is in dynamic equilibrium with its liquid in a closed vessel
© B . . ..
) \ - ataconstant temperature and pressure, at which point the velocities

+ % ofevaporation 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.

rs oA araall Ll 5l G Gae L 400 A5l il pall (i) 16-7 M

Example 6-7 : Arrange the following ionized compounds in ascending order
according to their effect on vapor pressure:

(a) Nax2SOq4 (b) AICI;  (c) NaCl

b aaac il

Solution: ¢ ,a, thenb

rClad) A B gL ) il
Lﬁjﬂ\k&aﬂ @Lﬁ‘)\aﬂ\m‘tﬁ&dd@ é\l\ BJ\‘)AM:\QJJQEA sOlalad) RQJA
o ) e A oy Jslaall GLle s 50 co GA a1l A e A g S 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.

ibgll cilualyl aglall slialg
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Third: Freezing Point Depression:

The difference between the freezing point of the solution and the degree of
freezing of the pure solvent.

ATs=Kex m

slall 2aa] Aaile 83le 4dia g3 83le « CHo(OH)CH2(OH) ,EG JsSdla cpliy) Jasiny :6-8 JUa
Jeadda 0 cawal (197°CokR) da o) Leaa (N5 jdaie e 5 colall (BA0I5 A 5 el ) (&
uﬁ 2alall odgy LalaiaW) aadll e Ja sl 2505 g UA salall sda e 651 g 55 L_ﬁl\l\ J sl

62,01 g (st J5Sdla a3 4] sl ALK S buall Juad A s

Example 6-8: Ethyleneglycol EG, CH2(OH)CH2(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 , Kyv=0.52 °C/m
:Jadl
125l sl sanil A3 (b GaliaiV il LSy
We can calculate the reduction in freezing of a solution using
ATr=Kex m
ol ya SLSIL Cudall ABS 5 FG @Y se 230 canad O zling J slaall 40 g0 il

2.525 kg ol o> LS () udall ALS ) a3 G . sS0a Galid A sl ALY s
ol LS Y sall Olasa oy

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

651 g EGX ————— = 10.5 mol EG
g 62.07 g EG mo

kg Cudal) A /O]l Y ge = 41V gal)

Molarity = Moles of Solute / Solvent Mass kg
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10.5mol EG
2.505Kg H20
AT+=Krm=(1.86°C/m)(4.19 m)=7.79°C
-7.79°C die Jgdaall saatiid 0 °C As o die deady Al elall o S
Since pure water freezes at 0°C , the solution will freeze at -7.79°C

ALY Uabaall Cavs Lgads (Ll A 50 A8 ol Y e ket

=419m

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

o el Zailall sy Laliial) Juad) cpad ¢ 102.2°Cs0 ((10042.2 ) tie s Jsladll 0¥
O (e elall piad Capall ol J38 5 )

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.

< ( C2H602 ) JsS3has 0ni¥) (10 478 g s 5m Jstaal daadll g GLlall S 53 o) :6-9JUa
+L3202 g

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=10.52 °C/m
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Fourth: Osmotic pressure:

Osmotic property: Diffusion of the solvent through a semi-permeable
membrane from the less concentrated solution to the more concentrated
solution.

Osmotic pressure: The amount of additional pressure resulting from the
transfer of water molecules to the concentrated solution.

it
s = ®
\Q e © W ® ¢ =5 . ) O o ©
0e® ° o o> o ® %
Q O e ‘ © O O
© ‘ ) i ®
O O O O =5 9 0 0
© ® o -0 ® o
© ® = ‘ ‘ ‘
© © . b ©
e o _° e & c © @ o
© ¢ ¢ - ® ©
i ©
o ® = ®
- o e ©
adde Jeloa s S Jsloa
I (re BT 58 53 Q1AL (e Jle 58 3

1) sen¥) Aaldl) G ciludd) J) :6-10 J&

Figure 6-10: Solvent transport due to osmotic property
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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??

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

6-2

1.000 s s 43 50,100 mol/dm? s 38 5 by ) 61S 5 ynel) (s Jslae (0 100 cm? Lala &
.1.010 g/em3 s s 435S 5 0. 100 mol/dm? o S y3 dadll &l ji5 J glaa (10 100 cm? &= g/em?
e Jslaall At aay Jladll 138 455 50 232 1,015 g/em? AUS Lalall dlee (e Joslae o8

€0 sSial) ol
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?

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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6-3 K¥
)

(CH3CH=CHz 5ol « HCSCH Gl s « CHy lisall) & S50 e Ga daild
ool s vie AL A jaglh ol aY cpasouedl e e 7.0 om? A il 10 cm? 4w
il i e 5 5080 20T A S (g 18.0 cm? (3558 Tl 13g) JalS 3 ia ¥ e L
Gl o A aell AL A g0 S 5yl LS Hall rali) | Lea¥) adal) il Sl dpaaall caill 2aa

(A Akl o) A Ayl ) e g3 G
A mixture of hydrocarbon gases (methane CH4, acetylene HC=CH, and propene
CH3;CH=CH>) with a volume of 10 cm? is mixed with 7.0 cm? of hydrogen gas to
undergo complete hydrogenation under the same conditions. During the complete
combustion of this mixture, 18.0 cm? of carbon dioxide gas is formed under the
same conditions. Determine the volumetric proportions of the components of the
original mixture. (Hint: Hydrocarbon compounds that can be hydrogenated are

those that contain a double or triple bond.)

................................................................................................

................................................................................................
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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Answer key LlaY) zlida
Example ALy
6-2

ol U5 (5 ¢ 5 il (5 B (¢ S s A (b /el A (5 & (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;)
m(NHs) 10 m(NHj)
mg 100 7 1000+ m(NH;)
m(NH;) =111.1¢g
1111 6.535 mol
nNH3 = 17.0 = 0. mo

\Y 24.5dm?3
Vy=—— V=n X V, =6.535mol Xx ——— = 160.1dm3
n mol

mg = 1000+ 111.1=1111.1¢g

g Millg
s~ 70.957g cm
cm?3

6-9
(i=1):ndaie e ooplia ye JsSdla cplily) Jslas
62.07 g/molC,Hg 0, = JsS3a (LB 4 ol 41K

n=="2~7701mol
62.07

3.202 kg= sLl kS,

LY sl = —;;g; ~2.405m -

Gulall da j Sels V)

AT, = iKym = 0.512 X 2.405 = 1.231 °C
=T, = 101.23 °C

aail) A jy 8 aladsyl

AT, = iKym = 1.86 X 2.405 ~ 4.47 °C
= Ty ~ —4.47 °C
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A

AL A il Fpel) 21335y Jlaall 3 o 5 el 20 5 (m pal JSI IS RIS 0 5
We find the total mass of each volume of hydrogen peroxide in the solution
using the percent by mass.

1119 300% _as 8
T em3” 100% T T mlL

Ha O S olagy Al gal) AL 5 il 138 alasid oY) LSy
Now we can use this and the molar mass to find the concentration of H,O:.

0.333 & X ! XlOOOmL = 9.79M
' mL = 34.01 L 7
6-2
The reaction : HCl + AgNO3; — AgCl + HNO3
0.1000mol 5 .
nAgN03 = MAgNO3 X V = T X 01000dm = 10 mOl
0.1000mol
nHCl = MHCI X V = dT X 01000dm3 = 10_2m01

102 HCI + 102 AgNO3; — 102 AgCl + 102 HNO;
Magel = Nagal X My, = 1072 x 143.32 = 1.4332g

10g 5
mAgN03 = DAgNO3 X Cm3 X 100cm” = 101g
.000g
Myc = DHC] XV = Cm3 X 100Cm3 = 100g
the solution formed = 100 + 101 — 1.4332 = 199.5668 g

v = mg  199.5668 196.618cm?

sTD, 1015 ooorom

nHN03 - 10_2m01

— = = 0.051M
“HNO; = o, 0.196618 dm?

sl eyl polall slusals] 1°°
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6-3

the occurring reactions:
C,H, +2H> — CyHs CHs4 +20; — CO;, + 2H,O

CsHs +H, — Cs3Hg CHy +2.50, — 2C0O; + H2O

CsHs +4.50, — 3CO,+3H20
Vi (7 cm?) Vo (18 em?)
X CH4 0 X
Y CH: 2Y 2Y
10-X-Y C3Hg 10-X-Y 3(10-X-Y)
10-X+Y 30-2X-Y
10-X+Y=7
30-2X-Y=18

X(CHy) =5 cm?, Y(CoH2) =2 cm? , C3Hg = 3 cm?
CH, = Vf,“‘* X 100 = % X 100 = 50%

T

% 2

C,H, = i;THZ X 100 = = x 100 = 20%
% 3

CiHg = —2M6 % 100 = — x 100 = 30%
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LA VIII. A
2.1
N PERIODIC TABLE 2
H He
1.0 II. A ImA IV.A V.A VLA VILA 4.0
1.0 1.5 EN* 2.0 2.5 3.0 3.5 4.0
) 3 4 atomic number 5 6 7 8 9 10
Li Be Chem. symbol B C N (0] F Ne
6.9 9.0 relative atomic mass 10.8 12.0 14.0 16.0 19.0 20.2
0.9 1.2 1.5 1.8 2.1 2.5 3.0
11 12 13 14 15 16 17 18
| Na | M VIIL B Al | Si | P | S | Cl|Ar
23.0 243 InmBsB IV.B V.B VLB VILB ~ A ~ [.B II.B 27.0 28.1 31.0 32.0 355 40.0
0.8 1.0 1.3 1.5 1.6 1.6 1.5 1.8 1.8 1.8 1.9 1.6 1.6 1.8 2.0 2.4 2.8
4 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti \Y Cr | Mn | Fe | Co Ni Cu | Zn | Ga | Ge | As Se Br | Kr
39.1 40.1 45.0 47.9 50.9 52.0 54.9 55.8 58.9 58.7 63.5 65.4 69.7 72.6 74.9 79.0 79.9 83.8
0.8 1.0 1.3 1.4 1.6 1.8 1.9 2.2 2.2 2.2 1.9 1.7 1.7 1.8 1.9 2.1 2.5
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
>| Rb Sr Y Zr | Nb [ Mo | Tc | Ru | Rh | Pd | Ag | Cd In Sn Sb Te I Xe
85.5 87.6 88.9 91.2 92.9 95.9 [98] 101.1 102.9 106.4 107.9 112.4 114.8 118.7 121.8 127.6 126.9 131.3
0.7 0.9 1.1 1.3 1.5 1.7 1.9 2.2 2.2 2.2 2.4 1.9 1.8 1.8 1.9 2.0 2.2
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
6. Cs Ba | La | Hf | Ta W Re | Os Ir Pt | Au | Hg Tl Pb Bi Po At | Rn
132.9 137.3 138.9 178.5 180.9 183.8 186.2 190.2 192.2 195.1 197.0 200.6 204 .4 207.2 209.0 [209] [210] [222]
0.7 0.9 1.1
7 87 88 89 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
‘| Fr | Ra | Ac Rf | Db S¢ | Bh | Hs | Mt | Ds | Rg | Cn | Nh Fl | Mc | Lv Ts | Og
[223] [226] [227] [261] [262] [266] [264] [269] [268] [271] [272] [285] [284] [289] [289] [293] [294] [294]
1.1 1.1 1.1 1.1 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.1 1.2
58 59 60 61 62 63 64 65 66 67 68 69 70 71
Ce Pr ([ Nd (Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
140.1 140.9 144.2 [145] 150.4 152.0 157.3 158.9 162.5 164.9 167.3 168.9 173.0 175.0
1.3 1.5 1.4 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3
90 91 92 93 94 95 96 97 98 99 100 101 102 103
Th | Pa U | Np| Pu | Am |Cm | Bk | Cf | Es | Fm | Md | No | Lr
232.0 231.0 238.0 [237] [244] [243] [247] [247] [251] [252] [257] [258] [259] [262]
* EN: electronegativity
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