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CHM.5.3.01.011.01 Define stoichiometry ~  Textbook 29 ——

Define stoichiometry

Is the study of quantitative relationships between the
amounts of reactants used and amounts of products

formed by a chemical reaction.

Law of conservation of mass States that matter is neither created
nor destroyed in a chemical reaction or In any chemical reaction

the mass of the reactants = the mass of products




What is the study of quantitative relationships e Al ) A e’ Ve

between the amounts of reactants used and 43 S5 =0 pill g Asaitinall Aleldiall o gl
amounts of products formed by a chemical reaction called? folas Jelst J e
The mole ratios gl gl il
The stoichiometry At Sl Cillall
The balanced chemical equation 8y sall sl Alulalll

The law of conservation of mass ALl Lis 448




chemistry

— —————
e

Stoichiometry is based on the law of .... ceee sl e ana AdbeSl Sililiall

Constant mole ratios Al Al gal) anasd

Avogadro’s constant 1 polagdl culs

Conservation of energy SCIRE

Conservation of mass Q) e
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What IS the sment]ﬁc law that states that matter is not created
or destroyed but only transformed in a chemical reaction?

\_J A) law of conservation of energy
) B) law of conservation of mass

) C) law of conservation of momentum

D) law of gravity




formula units

Table 1 Relationships Derived from a Balanced Chemical Equation

4Fe(s) 13 30.(g) — 2Fe O (s)
Iron + oxygen — iron (lll) oxide
4 atoms of Fe + 3 molecules O, = 2 formula units of Fe O,
4 mol Fe + 3 mol O, — 2 mol Fe O,
2234 g Fe + 96.00g O, = 319.4 g Fe O,
319.4 g reactants — 319.4 g products
e, 5585gPe |
4 metTe X I molFe — 223.4 g ke
| - 159.7 g Fe,O |
32.00 g O, 2 moHe U, X = 319.4 g e O,

O — y | mol¥Fe-O
3 met O, X molo- 96.00 g O, n _

—— e e — ————
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Known

C,H.(g) + 50,(g) — 3CO.(g) + 4H,0(g)

Unknown

Equation interpreted in terms of molecules = 7
Equation interpreted in terms of moles = 7
Equation interpreted in terms of mass = 7

1 molecule =::3H:E 4+ 5 molecules C}& —+ 3 molecules 'Cf:Z:"E + 4 molecules H;{G

44.09 g CH,
TmolC.H, + 5mol O, — 3 mol CO, + 4 mol H,O 1 moLEH; X~ = 44.099 CH,
32.009 0.
5 2K"1'W=1EDDQD£
4401gCD
3 mokHEO, X 5+ co- =132.0g CO,
1802gHO
4 molH:0 X s = 72.08 g H,0

44.09 g C,H, +160.0 g O, = 204.1 g reactants
132.0 g CO, + 72.08 g H,O = 204.1 g products

204.1 g reactants = 204.1 g products




—_—————

What do the coefficients in the following balanced chemical Aig gpall Aoa Sl Aldall b B W Al ets S50 L
equation indicate? el

2ZMg s, + Oz, — 2MgO s,

Moles number | Y pall 2ae ]
Molecules number A padl cae
Atoms number R

I, n
Only |
I, Il and 11

Only 1l

~ -EoT3 -INSPIRE 25-26
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What is the total mass of the reactants in the following 4y 3 gall Auiiasl) Alslaall A Ao Ulal) 3 gall JiS £ gada La
T Al
balance chemical equation? ’
4 Feyy+ 30z g —— 2Fe;03

Molar mass aul sl alisl | Element _-aiall |
(g / mol)

16 | o)
55.85 | Fe

291.5g

4156 ¢

2714 g

3194 ¢

~ -EoT3 -INSPIRE 25-26



In the reaction below. Which of the following is correct?

?E'-M "s.“l'ﬂ (p ..§5 _.-.-U:ui LL:L?.'S.“

N2(g) + 3Hz(g) —— 2NHj(

H = 1.008 g/mol

N = 14.007 g/mol

The sum of the masses of reactants equals 34.062 g

The sum of the masses of reactants is smaller

than the sum of the masses of products

A decrease in mass takes place during the reaction

The sum of the masses of products equals 28.014 g

.~ EoT3 -INSPIRE 25-26

34.062 g s sua cleliiall JIS ¢ sana

Jolill oLl ALY & ol iday

28.014 g s sk 235l J ¢ yana
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CHM.5.3.01.012.02 Calculate the number of moles of a reactant or a product given the number of moles of another reactant or product

e —— — e — — e e e

moles of unknown
moles of known

= moles of unknown

moles of known x

How many moles of CO; are produced when 5 moles of $CsHg O+ 5 mol Jelsi vie 2 COy (o Jpe S
C;Hj are reacted?
Cillsg+ 5 Qg2 3 CO29+ 4 H20(g)

30 mol
3 mol
5 mol

15 mol

-INSPIRE 25-26



Apply the Strategy

Apply the Problem-5olving Strategy to Example Problems 2, 3, and 4.

Step 1
Start with a balanced
equation. Interpret the

equation in terms of moles.

Mass of ghven substance Mass of unknown substance

Step 2

~omert from grams to

miokes of the ghen

substance. Use the
nverse of the molar

mass a5 the
-onversion factor.

Step 4
Convert from moles
of unknown to

1 mial number of grams
number of grams 1 mol EJEETIES K \ATTICHY:
Lise the molar mass
as the conversion
factor
sl micles of unknown el
mbes of ghven
Step 3
Convert from mobes of the given
Moles of ghven substance to moles of the unknown Moles of unknown
substance substance. Lise the appropriate mole substance

ratio from the balanced chemical
equation as the conversion factor

Step 1: Write and balance the chemical equation

Step 2: Convert grams given > moles of the given
substance

Use invers the molar mass as the conversion
factor.

Step 3: Convert from moles of given substance >
moles of unknown substance.

Use mole ratio (balance equation)

Step 4 Convert moles 2 grams of the
unknown substance

Use molar mass as the conversion factor



CHM.5.3.01.012.03 Calculate the mass of a reactant or a product given the number of moles of another reactant or product and vice versa

U Full Equation:
[Molesg] = ( Massy (g) )x (CL“HB)
MM, (g/mol)/ \Coeff,
How many moles of carbon dioxide CO; will be produced A< 13 CO, Sl ROTLS B L S 25k Yaa oS
if 100.0 g of potassium hydrogen carbonate KHCO3 have ¢ KHCO3 disng jauel asanelisl QL;}:‘)S 5« 100.0 g
decomposed?
2KHCO3 (55 — K2CO3(5) + CO2 ) + H20 (g
(Molar Mass of KHCO3 = 100 g/mol) (100 g/mol = KHCO; dJ g0l 4liSJ1)

0.5 mol O
1 mol O
0.25 mol O

2 mol O
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Titanium tetrachloride (TiCls) is extracted from

C'IJEHE

(carbon). What mass of Cl; gas is needed to react

titanium oxide (TiO;) using chlorine and coke [MHSSE] = ([Mnles.ﬁ] s (ﬂEffﬂ

with 3.75 mol of TiO,?

)KMME

Molar Mass of Cl; — 70.9 g/mol 70.9 g/mol = Clg 43lall alsell

TiO2(s) + C(s) + 2Clx(g) — TiCla(s) + CO2(g)

332 ¢

473 g

358 g

266 ¢




CHM.5.3.01.01 2.04 Calculate the mass of a reactant or a product given the mass of another reactant or product
The general mass-to-mass stoichiometry pathway is:
Mass A — Moles A — Moles B — Mass B

Core equation:

1 mol A Coefficient B Molar Mass B

Mass of B = Mass of A
ass 0 ass 0L 4 X Mlolar Mass A Coefficient A~ 1mol B

Determine the mass of N2 produced from the decomposition of NaN3 shown below.

N, gas
. s 2NaN3(s) — 2Na(s) + 3Nz(g)
. Mal; = 65 g/mol
‘ Ny = 28 g/mol Step 1: Make mass — mole conversion.
1 mol NaN
100.0 g NalN; — ? q N,(g) 100.0 , X B =1.538 mol NaN,
' 65.02 i
Step 2: Make mole — mole conversion. Step 3: Make mole — mass conversion.
3mol N 28.02g N

1.538 molNaN, x 2_ _2307molN,  2.307 “x 22782 _G464gN,

2 mol NaN_
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What is the mass of carbon dioxide CO; produced 250 g L\ je a8 JANCO; O Sl gn] e AL L

from the reaction of 250 g of calcium carbonate tCaC0; ppudiSl Cilipn & e
i CaCOs(s) + 2HCltag) — CaCly(aq) + H,0() + CO(g)
Molar Mass CaCO, - 100 g/mal 100 gfmaol - CaCOy iyl 3550
Molar Mass CO; = 44.0 g/mal 44.0 gfmol = CO, L4l il
31.5¢
388 g
110 g
77.0 g

* -EoT3 -INSPIRE 25-26
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Zinc reacts with iodine in a synthesis reaction G Alolaall lapda 10585 Jelin A 2l s (ealadl el ;
as the following equation: If 3.50 mol of Zinc il dgpall Lo o ZN Spajlall (e 3.50 Mol Glaasad 53l

15 used, What is theoretical yield?

Molar Mass of Znl, = 319 g/mol Znl, = 319 g/maol = gl gl 2LSH

e e < -

C~ -EoT3 -INSPIRE 25-26
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One of the reactions used to inflate automobile air bags involves bl_“]] & A0sgl) LalsSY el Aasdiuall =Ble Ll sl
sodium azide (NaNi). What is the mass of N; produced from the (NaN3) aggall sl

decomposition of 195 g of NaNs? ¥ NaN; ;. 195 g &ls& e 425Ul N» Al Al

2NaNs(s) — 2Na(s) + 3Na(g)

M, gas
Malar mass: gl ge 4TS
NaN; = 65 g/mol 65 g/mol = NaN;
N; = 28 g/mol 28 g/mol = N;

56.0g
112.0g
126.0g

250¢g

~ -EoT3 -INSPIRE 25-26
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CHM.5.3.01.013.03 Identify limiting reactant and excess reactant in a chemical reaction given the particulate diagram of reactants Textbook + Figure 5

Limiting Reactant Definition:

The reactant which is used up completely and earlier in a chemical reaction is called a limiting reactant.

Limiting reactant is also known as limiting reagent .

Excess Reactant Definition:

The reagent / reactant which left behind after the completion of a chemical reaction is called excess reactant or excess

reagent.

The reactant which gives the least amount of product is a limiting reactant
The reactant which gives greater amount of product is an excess reagent

" -EoT3 -INSPIRE 25-26
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X jeaiall 5839 < | What is the excess reactant in figure shown below? ol gl JSAU) ) Joliial L

hyadl g

Which of the following is correct? . :
| L1 /O
= ¥ ! \
H.lﬂ W |
™ .

-
PR IEN L,

blue squares represent element X,

green circles represent element Y, Sy
N jealall BG glaadl

L4

| |
E N Ethyne Hydrogen Ethane Ethyne
Limiting reactant is X, X; g 3aseall Jelial) A. Ethane molecules
Limiting reactantis Y, Y, 38 sdomall Jelazall B NO ||m|t|ng reactant.
X, is consumed first in the reaction detall 3 Yl X; Iolgial e c Hydrogen il
At the end of the reaction an amount e A5 el Al §
of Y, is leftover unreacted dlelize p2 Y, oy D. Ethyne molecules

-INSPIRE 25-26
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" What is the limiting reactant in the figure shown below? SoU3! ubgall KA1 § ool Jelirall e

Jelalt g Jeladl) day
Before Reaction After Reaction

:‘ + %m e 2 {J@Uéjo " QJ@

Three nitrogen malecules Thres hydrogen maleciles Two mmenia malecules Two excess nitrogen molecules (N,)
(six nitragen atoms) |55 hydragen atoms) {twi nitragen atoms, siv hydrogen atoms) ifour nitrogen atoms)
sl Gl B (azaped Sl A0 Ligadl ;o Glisjer el pa Ol
(Crerard Clys Cu) (g pdid SlyS ) A g pukald ilpd Casg (g A 003 [c=gAd Sbhd asl)
What is the limiting reactant in the figure shown below? Tolid) e gal) Jodi A daal) Jeliliall La
Jelah L
el s

Before Reaction .
After Reaction

(‘;""(Ij_hr}}*'('"’;

2 B C A

~ -EoT3 -INSPIRE 25-26



Jaqy

chemistry

— =

In a bunsen burner flame, what does a yellow color signify?

CHy(g) + 205(g) — CO»x(g) + 2H,0(g)

() A) Methane gas is the limiting reactant
(U B) Oxygen is the limiting reactant.

() C) Carbon dioxide is the limiting reactant.

(U D) Water is the limiting reactant.




.
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What is the limiting reactant if we started with 2 moles of Al

and 2 moles of Cl,?
2Al + 3Cl, = 2AIlCI;

Limiting Reactant

mole cquation: i Cl,

Given Moles: 2 moles 2 moles

Calculation Steps: Al Cl, Cly:

Divide by the coefficient 2mole 3 mole Dividing given moles by
by coefficient (2/2): coefficient (2/3):
Compare: 1.0 > 067 Result = 0.67

Comparison:
Conclusion: Excess Limiting

Reactant: reactant:

Al Cl,

_INSPIRE 25-26

CHM.5.3.01.013.04 Kdentify limiting reactant and excess reactant in a chemical reaction given the number of moles of reactants

‘ .

.I,

o 5_"“..

— ‘"_,' i
E— (e

Fast Formula Method

Srrallest valug = lifmming resctan

[IJi."|.l.“.‘i

coeflicient
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- Example: The number of moles of the reactants is given N
Methane, CHs, burns in oxygen to form carbon dioxide, COz, and water vapor, Hz0, according to the
following balanced equation:
EH‘HR} . Eﬂ'gm} =y Eﬂg{ﬂj . EHEDm]-

A sample of 0.250 moles of methane was burnt in 1.25 moles of oxygen. Answer questions a — [

a) Identify the limiting reactant.

CHj Oz
Number of moles
- ik 0.250 moles 1.25 moles
-
0.250 1.25
Divide by reacting ratio T = ().250 T = 0.625
Limiting reactant CHs (The smaller amount)
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Hematite Fe,0, and carbon monoxide CO react liledl 385 CO (5 Sl 20Sl J3) e Fe,05 caslagll Jeliny

according to the following balanced chemical equation : sl &g gall Ailias!)
F9203(S) + 3C0(g) - ZFE(S) + 3C02(g)

If 25.0 mol of Fe,05 and 30.0 mol of CO Jelidl 2 CO e 30.0 mol xe Fe,05 (e 25.0 Mol painad 13
are used in the reaction

Which of the following is the limiting reactant? foanall Jelindl 8 Liles L:.;;i

e e < -

EoT3 -INSPIRE 25-26
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CHM.5.3.01.01 3.05 dentify limiting reactant and excess reactant in a chemical reaction given the mass of reactants

In the following reaction, if we use 100 g of sodium Na and Na asmsall (e 100 g Liaaia) 13 el Jela 3
100 g of iron (Ill) oxide (Fe,;03), what is the limiting reactant? facaall Jeloddl L Fe,0; (1) sl 1Sl e 100 g

GNEES} + FEQO;(S} — 3N32'D{5} + ZFE{E},

Molar Mass: 1 gall ALiSI
Na =23 g/mol 23 g/mol = Na
Fe 0z = 160 g/mol 160 g/mol = Fe:04

Na O

Fe O

Fe,O3 O

Nazo O




CHM.5.3.01.0] 3.08 Calculate the mass of product{s) produced in a chemical reaction given a particulate diagram, mass or mole of the

reaciants

N ol ——— e —_— = e A
Carbon dioxide CO, reacts with water H;0 in Ul ilee & Hp0 oLl e €O gy 81 208 30 el StEp 1 — Convert grams to moles |
photosynthesis reaction in green plants fo produce (CeHi20g) jSobll iy elpadll il & 5 pucl i : |
glucose (CgHi20g) and oxygen as shown in the o] Akaal (jo pray LS (Sl 44.0 L8 mol B0, ﬁi_g = 4.00 mol Hy0
SN e 6C035) + BH;0 )—— CHr206 5) + 602 Step 2 — Determine limiting reactant
a plant has 66 g of CO, and 72 g of H,0. H0 (4729 5C0; 1266 g o Ll g e

6C0s : 6H0

1CO4 : 1H50

What is the mass of glucose produced? it tel) oo ) A Lo

CeHi205 = 180.18 gimol | CO,=44.0g/mol | H,0 = 18.02 g/mol CO2 is limiting
Step3 — 6002 1CsH10 Step 4 — Convert moles of glucose to grams
1 mol CyHq1204 Convert to grams:

1.50 ?IL{J.‘I GGQ e

6 mol CO4 0.250 x 180.18 = 45.0 g
= 0.250 mol CgH 204

Y[k ousef sarvrah
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The reaction between solid sodium and fron{lll) oxide

is one in a series of reactions that inflates an

automobile airbag: If 200.0 g of Na and 200.0 g

3 A Fe;0; (e 200 g 5 Na 0e 200.0 g Lazaial 131

of Fe;04 are used in this reaction. What is the

mass of solid iron produced?

ﬁ-Nﬂ[g‘-, + FEEGE-[E:l Em— ENEEDQ‘S] +2FE{5]

Na = 23.00 g/mol

Fe = 56.00 g/mol

FEEO]

= 160 g/mol

-INSPIRE 25-26
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When chlorine gas E|7= reacts with solid phosphorus

- Jhecgill aa Cly el G2 ol Lacic

P, .solid phosphorus penlachloride PCl; is produced. Cly 550 (12 16.0 g Jelis 13] .PCls Llall jpaugall ajels
If 16.0 g of chlorine reacts with 23.0 g of P, , which Yranna il lea 5l Py 34 23.0 g e
of the following is correct?
P Cl Element symbol saiall 'w;
P4{’1 +10 Cl-""-‘{‘ll ’ 4PGI5{'I Alomic mass i, k)
30.97 35.45
(g jmnl}
daslall (F‘C[S'_l LY il e Ll Jamall el
Amount of { FCIs) produced Excess reactant Limiting reactant
18.82 g P, Cl, A
28.50 g = Cl, B
13.45¢g Cl, P4 C
44.28 g Cl; P, D
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11 JCHM.5.3.01.013.13 Defineg the percent yield of a chemical reaction Texthook + Figure B 227,228
12 |CHM.5.3.01.013.1] Distinguish betwean heoretical yield and actual yield in stoichiomeltric calculations Textbook + Example problem & + Practice Problems 227,228,219
13 JCHM.5.3.01.013. 14 Calculate parcent yield and theoratical in a chemical reaction Textbook + Example problem & + Practice Problems 227,228,229

1. DISTINGUISHING BETWEEN YIELDS (cHM.5.3.01.013.11)
Learn to differentiate between the potential and actual outcome of a chemical reaction. ’\

Theoretical Yield: «{

Definition: The maximum amount of product that can be produced from a
given amount of reactant, based on stoichiometric calculations.

Actual Yield: éﬁj
Definition: Box: The measured amount of product actually obtained from
performing the reaction in a laboratory.

p
2. DEFINING PERCENT YIELD (cHMm.5.3.01.013.13)
Calculate the efficiency of a chemical reaction by comparing the actual and theoretical yields.

_ Percent Yield is the ratio of the actual yield to the theoretical yield, expressed as a percentage.

WAL Actual Yield ) <100
Theoretical Yield

Percentage yield = (
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Jeladl § Jadll Jgramalls 35400l Lo == -

hat is the actual yield of a chemical reaction?

F GlearS)
A) The maximum possible amount of product “
B) The amount of product predicted by W e AiSan 4aS Yy
calculations O bluadl dad giall 31 4uS
C) The amount of product actually produced in an 4,3l (3 Was =) @5 (I Wl ducS
experiment dodSiwoll pe delaiadl 8alad] dusS
D) The amount of unused reactant
Why is the actual yield usually less than the oo U3 W daddl Jguamall (3950 13k
theoretical yield? " 96y hadl Jgaazoll
A) Some product may be lost during the &yl LS T (o s3> Ada) A3,
experiment L3Ub| slge Sl s eodleladl.
B) Reactions always produce extra products los duld ok ($y 2l Jguamall,
C) Theoretical yield is measured experimentally Jelas) LT 01533 ke laiall 4ueS

D) Reactants increase during the reaction

——
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A reaction has a iheorehcql yleld of 50 0 g and an actuql yield of 42 5g9g. The
percent yield is:

A. 75.0%
B. 85.0%
C.117.6%
D. 92.5%

If the percent yield is 80% and the theoretical yield is 100 g, the actual yield is:
A.20 g

B.80 g
C.100 g
D.125 g
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Problem Statement: Solid silver chromate (Ag,CrO,) forms when excess potassium chromate (K,CrO,) is added ;

to a solution containing 0.500 g of silver nitrate (AgNO5). Determine the theoretical yield of Ag,CrO,. Find the

percent yield if the reaction yields 0.455 g of Ag,CrO,.

STEP 1: THEORETICAL YIELD
Reaction Equatmn 17 f;;?lig =
2 AgNO, (ag) + K aq) — Ag,Cr0, (s) + 2 KNO, (aq)

(excess) e
Molar Masses: | E|

| AgNO, (aq) = 169.87 g/mol | [ Ag,Cr0, = 331.73 g/mol |
a) Calculate Moles of AgNO,:
1 mol AgNO,
0.500 g AgNO, x 169.87 g AGNO, 0.002943 mol AgNO,.
b) Calculate Moles of Ag.CrQ, (Stoichiometry):

1 mol Ag.CrO, _
0.002943 mol AgNO, x 2 mol AQND, 0.001472 mol Ag,CrO,.

c) Calculate Mass of Ag,CrQ, (Theoretical Yield):

331.73 g Ag.CrO, _
0.001472 mol Ag,CrO, x 1Tmol Ag,Cr0, 0.488 g Ag,CrO,.

| THEORETICAL YIELD = 0.488 g Ag,CrO, |

STEP 2: PERCENT YIELD
Formula:
. ., _ Actual Yield .
Percent Yield = Theoretical Yield (100 ]

Actual Yield: i Theoretical Yield:

0.455 g Ag,Cro, =<« 0.488¢
(Given) ii

Plug in the values:

0.455¢g
0.488 g

Percent Yield = (0.9324) x 100% o
su t‘,:?,
'PERCENT VIELD = 93.2%

x 100%

Percent Yield =
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14 ‘CHM 5.2.01.001.02 List the five assumptions of the Kinetic Molecular Theory

THE FIVE ASSUMPTIONS OF KINETIC MOLECULAR THEURY [KMT]

{1 TINY PARTICLES, FAR APART. |—— | 2. CONSTANT, RANDOM, h | 3. PERFECTLY ELASTIC COLLISIONS. -
STRAIGHT-LINE MOTION.

Lfﬁ’*ﬁﬁﬁgﬁﬂ"?f”ﬁv GAS PARTICLES ARE IN CONSTANT, s ] = .._3
| T PARTICLES THAT ARE | RANDOM, STRAIGHT-LINE MOTION. o
| ENERGY IN  NO ENERGY
e g @ 9 FAR APART a — /N LOSS

. o COMPARED TO THEIR o ~ ~®
e SIZE. N 9 3/ O >
~ T

® o ° | COLLISIONS BETWEEN GAS 0
o o o lc]e@ @ ©| mostLy @l"’ © &) QJ PARTICLES AND WITH THE
@ o °\ l EMPTY WALLS OF THE CONTAINER ARE
s © @ A @ ©| SPACE 5 8 1--...3 o O PERFECTLY ELASTIC.

. - . = L y
SR KR @ @ scmeras. V
: o [l gl 5. AVERAGE KINETIC ENERGY IS
4. NO ATTRACTIVE OR REPULSIVE FORCES. PROPORTIONAL T0 TEMPERATURE.
LOW TEMPERATURE (T1)  HIGH TEMPERATURE (T2)
R 7 = 1 IDEAL GAS REALGAS  [J| —
O @= o= \
o . ENERGY IN NO ENERGY o= @ o= @) 4]
0UT  LOSS e v O @ i""" 070
COLLISIONS BETWEEN GAS » - Q e il 0 O=2
PARTICLES AND WITH THE @ “ P )
WALLS OF THE CONTAINER - @ |-> KEavg = 1 mv? <J KEoT
ARE PERFECTLY ELASTIC. 4
THERE ARE NO ATTRACTIVE OR REPULSIVE FORCES THE AVERAGE KINETIC ENERGY OF GAS PARTICLES IS
| BETWEEN GAS PARTICLES EXCEPT DURING COLLISIONS. | | DIRECTLY PROPORTIONAL TO THE TEMPERATURE.
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Which is NOT an assumption of the kinetic-molecular theory? el A5all Ayl Lial il Caced A0 ljliad) (1

4

All the gas particles in a sample have the same velocity. Aoyl peits be Az d el cilase (81

A gas particle is not significantly attracted or repelled by other gas particles. sz Jlall Clasen LS o cadla Y

Collisions between gas particles are elastic. e lall Slass s asball S

All gases at a given temperature have the same average kinetic energy.

A pall Al dacsgia (el diane Hla da A lilall JS]
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Which of the following statements is True?

Particles of a gas collide with each other and with the walls of

their container, these collisions are inelastic.

Particles of a gas collide with their container only

Parlicles of a gas never collide

Particles of a gas collide with each other and with the walls

of their container, these collisions are elastic.

Fhasans 30060 = lall -.__5;

biky cheagll Gyt pay’ cmadl 1y fou pibea® D Gilarun

:L';J..i _J_.'n..‘..- Salaaloanll

i glegll Jlaas asladl Sl Sl

¥ooaga - |
;J:.-.....n:..*} _JI.I_II' [ R PIL Y

Lo gl ot mag, canall Liceaes ae salai Al cilewus
- .F L 3 W, g ) Ol = A —nr

E.E_J.a n.'_||...¢_"u..n'.'1:|I -:'I_‘l.lh_g
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CHM.5.2.01.003.05 Use the mathematical formula of Graham’s law of effusion to calculate the relative rates of effusion of different gases
15

and their molar masses

Graham’s Law
1

\/molar mass

Rate of effusion

The rate of diffusion or effusion of a gas is inversely proportional to the square root of
its molar mass.

Raten molar massp
Ratep molar massa

. —

~ > _EoT3 -INSPIRE 25-26
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- Ammonia ( NH3 ) has a molar mass of 17.0 g/mol; hydrogen chloride ( HCI ) has

a molar mass of 36.5 g/mol. What is the ratio of their diffusion rates?
a) 0.42 | _ o N

Rate NH; _ YV MHC
b) 2.50 Rate HCI v M NH,
(c) 1.47]
d 1.13 loRate Nivg e ¥ 36.5 g 47
|_Rate HCI v 17

. Calculate the ratio of effusion rates for nitrogen ( N2 ) and neon (Ne).
(molar mass: N> =28 , Ne=20.2 )

a) 0.421 Rate N? . v M Ne

b) 2.50 ' Rate Ne v MN,

€) 1.47 | Rate N, V202 _ |
[d) 0.849 ] = — = 0.849

Rate Ne v 28
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il

Neon (Ne) has a molar mass of 20.0 g/mol; A fpag gl LyglS 5Ly <20.0 g/mol ddga ABS Al Geall Gl
and Hydrogen Chloride (HCI) has a molar mass of 36.5 g/mol. .36.5 g/mol iig. akS
What is the ratio of their diffusion rates? Tlaylll cVase dowd & L

0.54

0.77

1.35

1.83
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Four idenlical balloons were hlled with different gases lo the same volume, chilihs St e apadl ey Ul Al digidaie gl :_ﬁ-i

Which balloon does the gas effuse the fastest from it? *.'i;.i Bl e Fal e Sl gl

oo | o | N |-E1‘.}_- | 2,3
: o | Plodar sy
1 54 i1 Ju 14
- 2t | Tl
J _F"-'I‘ ! S .:‘:- 1 .I.I]-. j F | I




Jagychemistry _2025-2020

Barometers are instruments used to measure
atmospheric air pressure.

Manometers measure gas pressure in a closed
container.

The Sl unit of pressure is the pascal (Pa)

pascal (Pa) is equal to a force of one Newton per
square meter or N/m?,

-

.~ _EoT3 -INSPIRE 25-26

Comparison
of Pressure Units

Kilopascal (kPa) 101.3 kPa

Atmosphere (atm) —

Millimeters of mercury

— 760 mm Hg
Torr 760 torr
Pounds per square inch :
(psi or Ib/in?) sl
Bar 1.07 bar
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S p— e — e T (A
“"The weather report includes a reading of o ¢ -_5,:.11 Laaall 361 58 A sall J)salY) o 56 (el
atmospheric pressure, is 0.95 atm MmMHQ 322 5 haall 13 e e 0.95 atm
express for this pressure by mmHg unit

a— 722 mmHg |

b - 760 mmHg 0.95 a/tlﬁ % 760 mmHg
¢ —101.3 mmHg 1 agim
d -1 mmHg

= 722 mmHg

The weather report includes a reading of | & « sl baall i) 8 45 gall Jl a8 Ganal

atmospheric pressure, is 0.95 atm kPa 32a s Jhawall 13 e e 0.95 atm
express for this pressure by kPa unit

a—760 kPa

b-101.3 kPa 0.95 a}rﬁ - 101.3kPa _ 962 kPa

_c 96.2 kPa | 1 u/tni

-] kPa




CHM.5.2.01.004.07 Use the mathematical formula of Dalton’s law of partial pressures to calculate partial pressures and total pressure of a

mixture of gases S

Dalton’s law of partial pressures says that the total pressure of a mixture of gasesis [

equal to the sum of the pressures of all the gases of the mixture.

Dalton’s Law of Partial Pressures

P\o1al represents total pressure. P,,

- P,, and P; represent the partial
Plutal — Pl * PZ + P3 +...Pn pressures of each gas up to the

final gas, Pn.
What is the partial pressure of water vapor in an air oS Lavie glggll e die ﬁ eladl A s L call Le
sample when the total pressure is 1.00 atm, the

0.79 atm wall el el 1.00 atm | ol
partial pressure of nitrogen is 0.79 atm, the partial Oy raill el '3 S

pressure of oxygen is 0.20 atm, and the partial gaaa) Sl hiall; 0.20 atm GaaSOU el il

pressure of all other gases in air is 0.0044 atm?
°0.0044 atm g2y iyl

[ a- 0.0056 atm ] I:,T =Pn,+ Po, +Pgase+ PH,0
b- 0.2100 atm 1.00 =0.79 + 0.20 + 0.0044 § P
C- (.80 atm :::z :1503)(-2339 +0.20 + 0.0044 )
d- 0.9956 atm = 0.0056 atm
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: A mixture of oxygen ( O3 ), carbon dIO}(IdE (COZ ), and nitrogen ( N2 ) has -
a total pressure of 0.97 atm. What is the partial pressure of O; if the partial
pressure of COz is 0.70 atm and the partial pressure of N> is 0.12 atm?

a) 0.19 Pr = Po, + Pco,+ Pn,
b) 0.15 | Po, = P; - (Pco, +Pn,)
c) 0.24 Po, = 0.97 - (0.70+0.12)
d) 0.31

Po, = 0.15 atm

Find the total pressure for a mixture that contains four gases with partial pressures
of 5.00 kPa, 4.56 kPa, 3.02 kPa, and 1.20 kPa.

a) 11.8 |

[b) 138] PT - Pl + Pz + P3 + P4
c) 14.2 Pr = 5 + 4.56 +3.02 + 1.20
d) 10.1

P; = 13.78 kPa

o e —
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CHM.5.2.01.004.12 Use pressure—volume graph to determine the volume when the pressure is given and vice versa s

!

Use the graph to determine the volume if

o

the pressure is 2.5 atm.

co

Volume (L)

=

-5
(4.0 atm, 2,5L) Use the graph to determine the pressure if

ALz IEEEE ] the volume is 8L .

0 ST Rk s AD 205 20 2§ 4l
Pressure (atm)

atm

J
\ L
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Which law is represented by the graph below?

Volume (L)

e

; [ ———

! | 11 17 Ti4.0 aten, 2.5 L)

i | | I

o 05 10 15 0 25 30 35 4D
Prassure {atm)

Gay-Lussac’s law

Boyle's Law

Charles’s law

Henry's Law

Oolial L) el 4B 3 5D Le

(L) paedal
&

4 |
2 ! [T T
| {4.0 atm, 2.5 L)
0 ' | |
0 05 14 15 20 25 30 35 40

(atm) lai.all

eyl sl pill
e el

& —
S [yl

S Lyild
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-helium balloon in a closed car occupies a volume of 2.32 L at 40.0 °C. If the car

is parked on a hot day and the temperature inside rises to 75.0°C,
what is the new volume of the balloon, assuming the pressure remains constant?

a) 3.21L

(b) 2.58L Lk L L 313 x V, = 2.32 x 348
T, =40°c+273=313k| T1 T2 AR
c) 462L ol o e
d 1.74L = TE." 34D e
' 313 _
T, = 75+273=348K V, = 258 1L

—— e,

. -EoT3 -INSPIRE 25-26
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A sample of gas occupies a volume of 6.50 L Ld 95.0 °C 5jlia 350 2ic 6.50 L Laaa jl2 e e Jads

at 95.0 “C .What is the Celsius temperature(°C) - o
1.6 Jadl e FEEN Aiie =ica) 4_'..'” [ :I Bylsadl 4y

e

at which the volume of the gas sample will

become 1.63 L7
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. What volume will the gas in the balloon at right occupy at 250 K ?

la) 3.07L | by, = 431 VI _ V2 350 xV, =43 x 250 -
b) 2.58L T, = 350 K i T2 v, = %3x250 350 K
c) 4.62L - 4.3 _ 12 ’ 3

g~ _—mr V, = 3.071L
d 1.74L T, = 250K 350 250

. A gas at 892C occupies a volume of 0.67 L. At what Celsius temperature
the volume increase to 1.12 L ? =

Vi v2 067 x T, =1.12 x 362
a) 243.7°C ol L = T2 1 = 1.12x362
b) 441 3 °C T, =89°C+273=362K G oa 3= 067
T V,=1.12 L L -5 Rt
c) 762.1°C T, 962 T, = 605.1K - 273

d) 332.1°C | | | =331
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A sample of gas occupies a volume of 6.50 L Ld 95.0 °C 5)la 43y 2ic 6.50 L Lipa L8 (e die Jods

at 95.0 °C .What is the Celsius temperature(“c)
¢1.63 L 3Ll die aas bie mua) il (°C) Bad) dayo

at which the volume of the gas sample will

?
become 1.63 L- U = esol vi vz |6.50 x T, =1.63 x 368
1 = O T1T = T2 _ 1.63x368
_a) -181°C | T, = 95°C+273=368K T2 =
b) 365 °C ' 2% K
V.= 1.63L 6.50 1.63 T, = 92.28K
c) -92°C = 368 T2
— - 368 T, =92.28K - 273
d) 418°C T2 =3
= .180.7°C
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CHM.5.2.01.004.19 Use the mathematical formula of Gay—Lussac’s law to calculate pressure-temperature changes at constant volume

=y * -

—_

Sl

ey
SOa

| Gay-Lussac’s Law
P, P

T, T3

- The pressure of the oxygen gas inside a canister is 5.00 atm at 25.0 °C.
The canister is located at a camp high on Mount Everest. If the temperature
there falls to -10.0 °C, what is the new pressure inside the canister?

P, =5 atm P, P,
a) 3.21 atm 1 el =
) . T, =25°C+273=208k| T: ~ T, [P,x298 = 5 x 263
b) 2.58 atm i Y =St
r )= 5 P 2~ 7298
_c) 4.41atm | T, =-10°C +273=263K| 298 263 P, = 4.41atm
d) 1.74 atm Sd

_INSPIRE 25-26
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The pressure in an automobile tire is 1.88 atm at 25.0°C. What will be the pressure
if the temperature increases to 37.0°C ?

a) 3.21atm P, =1.88 atm P, P,
b) 2.58 at T, =25°C+273=298K| T, = T, [P,x298 =1.88 x 310
.58 atm
Pyt p. = 1.88x310
c) 3.41atm = ] Lo P, , = 188x:
d) 1.96 atm | Tz__ﬂ? Cff:nw. 298~ 310 | P, = 1.96atm

. Helium gas in a 2.00-L cylinder is under 1.12 atm pressure. At 36.5°C, that same
gas sample has a pressure of 2.56 atm. What was the initial temperature of

the gas in the cylinder?

a) 231.2K P, =1.12 atm P, P, -

b) 1354 K | T, = 2 T, = T, |T1X2.56 =112 x 309.5
_ 1.12x309.5

c) 312.5K P,= 2.56 atm 112 256 T T35g

d 161.3K T, =36.6°C +273=3095K| 7T, ~ 309.5 T, =135.4K
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CHM.5.2.01.003.13 List conditions of a gas at STP and RTP — =S E:{D:__

-
R e /]

\-'

standard temperature and pressure (STP).

0.00°C (273K) and 1.00 atm

1 mol of any gas occupies a volume of 22.4 L at STP.

Using Avogadro's principle [*Remember 1 mot = 22.41+

1. What is the volume of gas in liters of 3.8 moles of CO, gas at STP?

22.4L

1 mole

= 85.12L

3.8 moles x

2. What is the volume of gas in liters of 1.5 moles of O, gas at STP?
22.4L

1 mole

= 33.6L

I 1.5 moles x
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Avugadm*s principle states that eq ual volumes of gases at the same temperature and pressure contain equal

numbers of particles.

Count the particles

of each gas

How many part'u:EES AT I T IO ? oot e et e et e e eana e nme e

~ -EoT3 -INSPIRE 25-26
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“Equal volumes of gases at the same pressure and Bhadl dayng daiall akd i ggiad Bl e Logldall slanl

~ . ; " ! -
temperature contain equal numbers of particles.” ot h el Con gt dlaed L
This is the statement of ......ciniininn
— -I"I'I- e
Combined gas law bl alall oy gilEll
Le Chételier's principle aulall ol |
Ideal gas law (Hlall Ul &yl
Avogadro’s principle g pilagdl las

" -EoT3 -INSPIRE 25-26
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According to Avogadro’s principle, 1 mol of any gas 3

p
at STP occupies a volume of What are the standard temperature and pressure (STP) for a gas:

Temperature = 0 °C and pressure = 1 kPa

22.4 L

Temperature = 273 °C and pressure = 1 atm

372 L Temperature = 1°C and pressure =0 atm_

= ]
. Temperature = 0 °C and pressure = 1 atm>

1.00L

0.02 L

-INSPIRE 25-26
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"’E;(L = 22 |CHM.5.2.01.004.28 Use the ideal gas law to calculate pressure, volume, temperature, mass of a gas, when three guantities are given =
A =

o'

_,PV=nRTM

pressure

f ey temprature

volume v \
(L) n, of moles - (K)
( mol )
Ideal gas

constant

R = —PV _ latm x224L = 00821 atm.L/ mol.K

nT 1mol X 273 K
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' f .I--th
=
R
N

-:"’“r “% 1. Determine the Celsius temperature of 2.49 mol of a gas contained in a 1.00-L

vessel at a pressure of 143 kPa.

L PV=nRT

a) 6.9°C n =2.49 mol 1.41 x 1 =2.49x0.0821x T

V= 10L
| b) -266°C| =143 KPE X U™ 4 a1 | T =60 -273

c) -133°C 101.3kpa = T = -266.1°C

R = 0.0821
0
d) -13.7°C .

2. Calculate the volume of a 0.323-mol sample of a gas at 265 K and 0.900 atm.

= ?
a) 39L : ~0.323 mol PV EnRT
b) 52L - Soant 0.900 x V =0.323 x0.0821 x 265
c) 36L P = 0.900 strm v =7.81L
[ d) 181 ] R =0.0821

(.~ -EoT3 -INSPIRE 25-26
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4;_'— 3. What is the pressure, in atmospheres, of a 0.108-mol sample of helium gas at

= a temperature of 20.0°C if its volume is 0.505 L?
V = 0,505 L
. E) 10.3 atm . n = 0.108 mol
Lh] 5143th T=20°C+273=293 K
c) 2.07 atm = 2
d) 3.24 atm R =0.0821

PV=nRT
P x 0.505 =0.108 x 0.0821 x 293

P =514 atm

4. If the pressure exerted by a gas at 25°Cin a volume of 0.044 L is 3.81 atm,
how many moles of gas are present?

a) 9.5x10* mol
'b) 6.9x 107 mol |
c) 8.5x 10" mol
d) 3.7 x 10° mol

0.044 L

= 7

1=25°C+273=298K

P = 3,81 atm
R = 0.0821

PV=nRI
3.81 x 0.044 = n x0.0821 x 298
o - _3.81 x 0.044
0.0821 x 298
n= 69 x10° mol
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If the pressure exerted by a gas at 35°C in a volume Sskw 35 9C 5)la 50 e e e Jsadl laaall 5€13)
of 0.044 L is 7.62 atm 0.044 L 5)lsis p5s 5 7.62 atm
How many moles of gas are present? Phagagall A CNga 26 aS4
R - 0.082] =X~
mol K
4.25mol (a
V =0.044L PV=nRT
= ?
n=-: 7.62 x 0.044 = n x0.0821 x 308 0.068 mol ( b
T=35°C+273=308K _ 7.62 x 0.044
P = 7.62 atm 0.0821 x 308 4 45 mol ( c
R =0.0821 n = 0.013 mol
0.013 mol (d]
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How much carbon dioxide gas, in grams, is in 2.75 L aasa gl A Bagasal) phall (g S a8l S8 GuS L
a 2.75 L balloon at STP? ¢ STP [uuldll laaally 5))all i3 50 sic
Molar mass of carbon dioxide - 44.0 g/mol 44.0 g/moL = »sS) sl S0 30040 A8
L.atm
R =0.082

0-0s21 mol .K
V = 2.75L o 7259 (a
ms=7? M= ”;3V
T=273K 6359 (b

a4 = m x 0.0821 x 273

P =1atm 1 x 2.75 [ 5409 (C]
R = 0.0821 m= 5.40g
M= 44¢g /mol | 365g (d

-INSPIRE 25-26
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-ﬁ); CHM.5.2.01.003.15 Predict the conditions under which a real gas might deviate from ideal behavior while explaining its effect == = ——m*;
- — L
Ideal gases(follow kinetic molecular theory) Real gases(deviate from ideal)
Particles take up no space Particles have volume
Particles
No attraction or repulsion There are intermolecular interactions
behaviour
Collisions between particles are elastic Collisions are not elastic
ﬁ High temperature G:temperature
Low pressure igh pressure
Conditions
Nonpolar Polar
Small particles(low molar mass) Large particles(high molar mass)

-INSPIRE 25-26
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Polarity and size of particles :
The nature of the particles making up a gas also affects how ideally the gas behaves.
For example,

* polar gas molecules, such as water vapor ( H20 ), generally have large attractive
forces between their particles,

because the oppositely charged ends of polar molecules are pulled together through
electrostatic forces,
==p then polar gases deviate from ideal gas behavior .

* nonpolar gases, such as helium ( He ) generally have low attractive forces between
their particles .
== then nonpolar gases approach to ideal gas behavior.
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. When does a real gas behave like an ideal gas? " When real gases deviate most from ideal gas
a. When the particles are far apart and attractive forces decreases ] behavior?

‘A — At high pressures and low temperatures

b. When the particles are closer together and attractive forces increases

. B — At low pressures and high temperatures 1
¢. Athigh pressure and low temperature | |

IC — At high pressures and high temperatures

d. When the gas is liquefied if enough pressure is applied !D - At low pressures and low temperatures
I

- Regarding both ideal and real gases , which of the following is correct ?
a- gases of a larger particles behave as ideal gases .

b- polar gases like water behave as ideal gases .
[C- real gases deviate most from ideal gas behavior at a high pressures and low temperatures]

d- ideal gases experience intermolecular attractive forces and attracted , repelled by the walls
- of the container -




o o -lhhll
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When does a real gas behave like an ideal gas? ¢ Ahall Slall Jie adall lall ey e
Al high pressure and low temperature daididl 5)hall dg ey Al il 2o
When high pressure is applied and the gas changes a0 iy e 53N e ¢l ) D Al Jgam Laic

to the liquid phase

When the particles are close to each other, and atiractive

il (68 N3hg Gandl lgany G lisial) s Ladie

forces are high

When the particles are far apart, and the atiractive forces ;
- cilaal g Jing tandl Lyaaes e ciliadl aans Lasie
daie 10




Which of the following is correct?

Polar gases like water vapor behave
as ideal gases

Gases of larger particles like butane (C4H,)

behave as ideal gases

Real gases deviate most from ideal gas behavior

at high pressures and low temperatures

Ideal gases experience intermolecular attractive

forces, and they altracted, repelled by the walls

‘s 411.,1 laa é'n

Sl D Sl ol lay e Lkl Bl s (g
(CaHio) Slignd) Jia Lana LSY1 Cliiall i il wlks ( b

R PR

die JGd Glall delu e i€ diaall Siblall u.i_p.'ﬁ( C
dassial 5hall Sl g ddladl bagall

iy Lilapn Cu 0lad 5 e a8 i ( d

Led Bagagall Loeg¥) o aa LS,
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24 |CHM.5.2.03.002.12 Calculate percent by mass of a solution

percent by mass =

mass of solute

mass of solution

X 100

1. What is the percent by mass of NaHCO3 in a solution containing 20.0 g of

NaHCO; dissolved in 600.0 g of H20?
[ a) 3.23 %]

b) 3.33 %
c) 4.25%
d) 7.65%

percent by mass =

mass of solute

mass of solution

X 100

Percent by mass

20

600 + 20

3.23 %

X 100
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What is the percent by mass of sodium chloride NaCl in Srins Jglae A NaCl aiogeall 2,0 ARSI Lgial o)l L
a solution containing 4.0 g of NaCl dissolved in fH,0 ol 5« 100.0 g A 412 NaCl . 4.0g Je
100.0 g of water H,0?
: f solute |
yercent by mass = ———— X 100
[ a) 3.8 % ] t Y mass of solution
4
b) 4.0 % Percent by mass = X 100
100+ 4
c) 3.3%
= 38 %
d) 4.8%
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.,E;T,L s 25 |CHM.5.2.03.002.05 Calculate molarity when the moles or the mass of solute and volume of solution are given and vice versa —— L@ii_
e —— = [t -

\-'

Molarity

s __ moles of solute
I’I‘lDl.;lI'ltj,T (M) ~liters of solution

The molarity of a solution equals the moles of solute divided by the liters of solution.

1. What is the molarity of an aqueous solution containing 40.0 g of glucose
(CeH120¢) in 1.5 L of solution?  ( molar mass of CsH12,06 = 180 g /mol )

[ a) 0.147M | -
. 1 mol _~ ™
b) 0.113 M 40 g X 180 g 022mol,
c) 0.125M e _- 2‘22 I
d) 0.185 M

.~ -EoT3 -INSPIRE 25-26
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What is the molarity of an aqueous solution containing 40.0 g

of glucose (CgH,,04) in 1.5 L of solution?

180.16 g/mol

0]
.

35Sad 50 40.0 0 o gsins dglas Blga o
tdsladdl e 1.5 L A (CgH,,04)

3Ssiall Zdal 2SY

Molar mass of Glucose

[ a) D.15M]
b) 0.22M

c) 1.33M

d) 1.14M

1 mc_:-l
130.159‘

_0.22

~ 1.5

_— = e — e ———

S Wy ©
— X s
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What mass of calcium hydroxide Ca(OH), is needed to sriaadl AU Ca(OH)) apadiSll 1S4 50 A0S Lo

produce 1500 mL of a 0.025M solution? ?0.025 M 558545 1500 ML daaa Jelas

( Molar mass of Ca(OH), = 74.09 g/mol) (Ca(OH),; = 74.09 g/mol 1 dil gl aksli)
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26 |CHM.5.2.03.002.16 Perform calculation involving diluting a concentrated solution =55 }:@‘_—

b .

v o

Dilution Equation

MV =MV M represents molarity.
11 22 V represents volume

What volume (in mL) of a 2.50 M HCl stock
solutionis needed to prepare 400.0mL of 2 0.625 M

HCl solution?

A~ 800
B- 400
C- 200
Concentrated solution Diluted solution
D - 1 00 Figure 9@ A concentrated solution can be diluted by adding solvent. The number of moles of solute does not

change when a concentrated solution is diluted.

e
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Which of the following is correct a bout diluting solution?

The total number of moles of solute does not change
The total number of moles of solute increases

The total number of moles of solute decreases

The total number of moles of solute is doubled

~ -EoT3 -INSPIRE 25-26
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Joy alaall Jlaatt &Y gall 2o

el el eyl S gall e
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What volume of 2.00 M calcium chloride (CaCl,) stock 2.00 M 5355 (CaCly) ppud\ Sl 2pgisl il Jgladll pas L

solution would you need to prepare ().5 L of (.5 M CaCl,? 0.5 M 5)S5: CaCl, e 0.5 L dnaa Jelae jaiaasl 500
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What volume (in mL) of a 2.50 M HCl stock
solutionis needed to prepare 400.0 mL of 2 0.625 M

HCl solution?

A - 800
B- 400
C- 200

D- 100
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How much 1M sodium hydroxide (NaOH), in milliliters, AL 1M 0 38 5 ) (NaOH) a3 seall 208 5 528 (e rlias oS
is needed to make 500 mL of 0.01M NaOH? Y0.01M NaOH (= 500 mL aaail
50 mL
5mL
0.5 mL

500 mL
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ﬁ - CHM.5.2.03.002.07 Calculate molality when the moles or the mass of solute and mass of solvent are given and vice versa 1
A .
‘ Molality
- _ moles of solute
molality (m) = kg of solvent
The molality of a solution equals the moles of solute divided by kilograms of solvent.
m
S _~mass
- ¥

1. What is the mmlaliﬂr of a solution containing 10.0 g of NaOH dissolved in
1000.0 g of water?

(molar mass of NaOH =40 g /mol )

1 kg
kg solvent ~
10.0 g X 1 ol 0.25 mol. n
a) 0.62 m / 40
b) 0.155 m L e
c) 0.375 m
o 0:25
[d) 0.25 m ] 1

m= 0.25 m

. -EoT3 - INSPIRE 25-26
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What is the molality of a solution containing 5.0 g of
sodium chloride (NaCl) dissolved in 100.0 g of

water (H,0)?

0.86 mol/Kg
0.18 mol/Kg

0.25 mol/Kg

0.77 mol/Kg

#(H20) ) 2 100.0 g & a1

Molar mass 3l ak€l)

Compound S,

58.44 g/mol

(NaCl) g puall 2598
Sodium chloride
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Which of the following express molality? TNl (el b Lea !
| moles of solute 0 kYA LA JPRERPS
liters of solution (L) slaad) ana
b.

moles of solute X liters of solution  (L)Jsaadl paa x G120 Y ga 22e

| :
5 moles of solute laall Y e sac :
5 kg of solvent Tuwor :
: gy (kg)-uiall A€ ,
d.
moles of solute X kg of solvent (kg )il A8 x I Y ga 20

. =

J
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28 |CHM.5.2.02.002.03 Explain three factors that affect the rate at which a solid solute dissolves in a liquid while explaining its effect

z*-“.!. —

v Supersaturated

» Solvent holds more solute than is normally possible at that
temperature.

» These solutions are unstable; crystallization can often be
stimulated by adding a “seed crystal” or scratching the side
of the flask.

Figure 17 When a seed crystal is added to a supersaturated solution, the excess solute crystallizes out of
the solution.
1 — Unsaturated solution: solution that contains less dissolved solute for a given temperature
and pressure than a saturated solution.

2 —saturated solution: solution that contains maximum amount of dissolved solute for a given
amount of solvent at a specific temperature and pressure.

3 —saturated solution: solution that contains more dissolved solute than a saturated solution at

the same temperature and pressure. D

" -EoT3 -INSPIRE 25-26 vousef sarvral
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Which is correct to when add seed crystal add to supersaturated solution ?

¢ M1JJ3J,L_JH‘;1 ool 81 i asln) e muaia L Laa g ,-]

A. To allow excess solute to remain dissolved vie Jslaall 8 Aha 20 ol 50 30 200N salall ~Led)
in lower temperature Lnidie 5 pada yo

B. To allow excess solute crystallizes out of
the solution

C. To allow excess solute to remain dissolved sie Jalaall 8 400e e Gl sl 30 AN salall ~Laudl
in higher temperature dxdi 3o 5l ya da ja

D. To allow supersaturated solution stable Jshall 81 g Al e ARG avdiall (398 J slaall aual
when seed crystal add
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Regarding to have a crystal from supersaturation solution, which of the following is correct?
P e S0 Laa (gl ¢ aadiall (358 Jglaall (ge )k J pandly 3lay Lag

Add a seed crystal sslall sl gddlal | 1
scratching the inside of container sle gl ga Aslall ¢ 5all 2as | 2
sle I e @l o eladll Jlinbiiana| 3

Physical shock like stirring or tapping the container

A. 1 only

B. 3 only

C. 1,2 only

.~ _EoT3 -INSPIRE 25-26
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Regarding to have a crystal from supersaturation solution, which of the following is incorrect?

s b Lee gl ¢ gl 38 Jgladl o 5l J gumally (3lety L

Add a seed crystal ol 8l g ddls) [
scratching the inside of container ele gl o Al e el Bas | 2
ele gl e 3okl o el jatll Ja dole dara (g Jsbaall Lis | 3

keep the solution out of Physical shock like stirring or tapping the container

.~ -EoT3 -INSPIRE 25-26
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v B Which of the following solutmns contains less d|ssolved solute at specific temperature and g
pressure ?
¢ pine Jariia 5 5 5l ja aie laall e J3 A4S e g gy AN i) 4
A. Saturated solution gl J sladll
‘B. Unsaturated solution audial e Jlaall
C. supersaturated solution aaiiall 368 J sladll
D. concentration solution S yall J sladl)

Which of the following solutions contains maximum amount of solute dissolved at specific
temperature and pressure ?

?ML:.@_;E___;‘P_‘LE_\'IM u\;ql1h}qaénsﬁ51\5ipﬁj3;g41ﬁtﬁll LLJLI_*hqllt_gl

A. concentration solution S el J slaal)
B. Unsaturated solution ardiall e Jglaall
C. supersaturated solution andiall (358 J slaall

D. Saturated solution adiall J sladll




|0aqyv

1:\} =

chemistr {0

vess 79 JCHM.5.2.02.002.04 Interpret temperature — solubility graph for solids

Using the graph below, which of the following statements is in not correct?
T-;a.rn—ﬂ _..I!‘-I'- | -.LI__|'.__|.-|J'. ;_“{;.i . -:'_".'.'u-li_,,_'J.;.._.lI P‘_J_Il {"Im-‘ L

Salubilities as a Function

of Temperature

Solubility (g of solute/100 g H,0)
codBEEEESE N

0 0 23 30 40 50 60 7O a0 B0 100
Temperature (T}

A, KCIO, solubility increases as temperature
Increaases

50l A p Cumil 5l La 3 2o 8 KICIO), Al

B. KCl has the highest increase in solubility
with increasing temperature.

Bl pall ds jaialyy e dpulall AEd 5, el Al KCI

From the graph below determine the solubility of KCIO, at 75°C?
§75°C - 4o ke KCIO, 413 2 Gl syl 0

Solubilities as a Function
of Temperature

Solubility (g of solute/100 g H,D)

Q
O 1020 30 40 50 60 70 &0 %0 100
Temperature (*C}

A.40g/gH,0

C. Ce,(50,), solubility decreases rapidly as
temperature increasas

Bbadl Aapa5el ) i Ao e B Cel(50, ), Sl

B.30g/100 g H,0

D. CaCl, has a solubility equals 64 g per 100 g
of H,O at 10°C

10°C sie H,0 100g JSU 64g 5 sh Call, it

C.30g/gH,0

* -EoT3 -INSPIRE 25-26

D. 40 g/100 g H,0
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Fram the graph below determine the solubility of KCI at 40°C ? From the graph below determine the solubility of KCIO, _ut ap*C? o
T40°C 5 e T de KOI G jasa Ul e JI e YO0°C 5l A 4 Lm KOIO, 453 23 il ps Sl e

Solubilities as a Function
of Temperature

Solubilities as a Function
of Temperature

H

KEIo,

— E'zlsuqh L

salubility (g of salute/100 g H,0)

Solubility (g of selute/100 g H,0)

=

10 Ce,{50,),
’ 0 10 20 30 40 50 &l A0 BO S 100 0 10 20 30 40 50 60 70 &3 50900
Temperature (°C) Temperature (°C)
A. 50 g/100 g H,0 A. 50 g/100 g H,0
B.40 g/ gH,0 B. 40 g/ g H,0
C. 40 g/ 100g H,0 C. 40 g/ 100g H,0
D.50 g/ g H,0 D. 50 g/ g H.O

~ -EoT3 -INSPIRE 25-26
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.,E 30 |CHM.5.2.02.002.03 Explain three factors that affect the rate at which a solid solute dissolves in a liquid while explaining its effect %

o'

SOLVATION: Contact is Crucial i B Gartare e ef

SOLUTE-SOLVENT
COLLISIONS Whole Crystal Crushed/Powder

q"'_"‘ - == (Low Surface Area) (High Surface Area)

Method A - Agitation
(Stirring or Shaking)

Few Collision Paints Mascive Collision Points
—* Faster Dissolution

i
il
"-._.'.‘ o £

2 (NaCl @

o e EJ%Z{;;;: = O Additional Factor - Temperature
H%u q;% _ - @ § Y
G : M :

| E x ‘- | '«:’ jl'\- ) d rl
@ o O B ‘e e
g : '
(& = = W
= of culbse {184% - 160 ™)
Low Collision Rate High Collision Rate -

Faster Diszalution
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@) 1. GAS DISSOLVES IN LIQUID ) @) 2. SOLID DISSOLVES IN LIQUID )

(1 Temperature of Liquid — J Solvation of Gas) (T Temperature of Liquid = 1 Solvation of Solid)
A = : = - ;
Explain: (e.g., Soda losing fizz) : Explain: (e.g., Sugar in hot tea) b

A
' fg
COLD SODA ROOM TEMP SODA COLD TEA _ HOT TEA
Increasing temperature ~ Increasing temperature
Less kinetic energy, - T kinetic energy of gas Fewer solvent-solute ' - T kinetic energy of
more gas retained particles - gas escaping collisions ~ solvent particles =
- | solvation - 1 collisions = 1 solvation

.~ _EoT3 -INSPIRE 25-26




Granulated sugar dissolves very quickly in hot tea.
A sugar cube in iced tea will dissolve slowly, but

stirring will make the sugar cube dissolve more Granulated sugar dissolves faster in iced tea than Figure 14 Agitation, surface area, and temperature
quickly. a sugar cube. Stirring speeds the process. affect the rate of solvation.

95-96
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— I 8 Which of the following factors generally increase the rate at which a solid dissolve in liquid?

— ® Al Sk i Le il Bala lagd Joma Bali U ple S50 (35 G Jal gl e g
I. | Increasing the pressure of solution Jplaall b a3y
ii. | Shaking or stirring the solution Jabadt il a3 o =
jii. | Increasing the surface area of the solute ol el s Aslisa B
iv. | Increasing the temperature of the solvent eipall 5 5l e da o Baly
A.iandiionly

B. i, ii and iii only

C. ii and iii only

2- | Which of the following is slowest to dissolve?( when using the same amount of tea
and sugar)

(Sl p sl e olaalll g aladidd 22 )8 Glpdll A La) g8 L Laa s
A. Granulated sugar in hot tea with stirring  <ladll pa GAL L2 3 5 gakaall Sl

B. A cube sugar in iced tea without stirring <y adll 5 mliall oLl B Sl CamSa
C. A cube sugar in hot tea with stirring Sly il aa Al LA B S LS

D. Granulated sugar in iced tea without stirring <Ll {5 pliall LA A G sadaall S




e =

Regarding the effect of the temperature on the rate of solvation of substance, which of the
following is incorrect?
¢ e b T e gl gl g e e 5 sl o ol BlaSy e

JJ_'-I| nﬁ'-_n.l'lq__'l.,'__nt}..d ,\__'_"h.l,_]| |__'L-.I||l__.,:li_|.i,u:|.|.'| _'-"_’.n]'ll,n.lq.'l.r. _|_!L-| 1
! Salvation of mast solid substances in hotter salvents mare guickly than in calder solvents

3l il Alie SALL) codall A dfial AN RS sl | 2

| The amount of salute increases is hot solvent than in cold solvent
| ;

i Bosalda pida ol Jall a2 saE | 3

Regarding the effect of the temperature on the rate of solvation of substance, which of the | Increase the sclubility of gases by increasing the temperature

following is correct? —
¢ s 3 Laa g, 30l Saphde ju e 5l el da s i dlet Lad | AL 1 Only

3l bl b Lt bl alidl canall B30T bl aliee sy | ] B. 3 only
Sahvation of most solid substances in hotter sovents more slowly than in colder solvents C 12
3 all cahall b Lte bl il b ARl Salaf) £ aaS ok 5 z b r
lhe amount of solute increases is hot solvent than in cold solvent D.23

Bl pa gy A Ay g3 Jis | 3
Decrease the solubility of gases by increasing the temperature

A. 2 only

B. 1 only

C.1,2

b, 4,3

" -EoT3
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Which of ti"IE-fﬂlli(}'u;"ng- is correct regar::iing to relation between the

temperature and solubility of gas?

¢ jladl dald g 8l jall da o G A8l 3lat Led e Al Las g

A. The solubility of gas decrease when

temperature increase due to decrease in
kinetic energy of particles

Gl Y 50l da o pli g el Al Ji
W el Sy jad 48 jall

B. The solubility of gas decrease when
temperature increase due to increase in
kinetic energy of particles

AL Y 61 padl s p i Jlall A Ui
A3 el el A8

C. The solubility of gas increase when
temperature decrease due to increase in
kinetic energy of particles

=k

AL Y 5 g gadl Aa ga ety Jlall Al e
A jladl Sl jad A8 )

D. The solubility of gas increase when
temperature increase due to decrease in
kinetic energy of particles

ABall Y 8 ) pall A jo plis g Glall A0l3 a3
il i el 48 el

.I,

Regarding the effect of the temperature on the rate of solvation of substance, which of the
following is correct?

¢ e ol Lea gl 33l Gl e e o 5l A s 0 3lady Lad

:JI_Il:" I\T'h_g..;.l.lﬂ |._;l! L!__'u. E_J"‘:' H,:LL.J| .___-_.:.ll 4_1 dl sl _'.'l_q,.:.". 5..::.1..:. ._|_1;'.. 1
Solvation of most solid substances in hotter solvents faster than in colder salvents

S L YL [ ' PN PR PTL | H,i il aall aalall A8 1 2
The amount of solute decraase is hot solvent than in cold solvent

P alian pid e Sl ddl ol i) 3
Increase the solubility of gases by increasing the temperature

A. 1 only |

B. 3 only

C.12

D.23

— o e
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Which of the following present the fastest dissolving GTE PP FR S (Y- VI (U | p—— 2P
when using the same amount of sugar and tea? Tball g Al e Claasll Gl pladid) 2o 2
Granulated sugar in iced tea while stirring why ol ae mbiall (LA (3 Ogmdaad) S -

A sugar cube in iced tea il gladl § Sl Casa &

Granulated sugar in hot tea while stirring hyoall an oaladl GLAI § Ogandaall Sl (3

Granulated sugar in iced tea zliai gladt § o | St C

Which of the following is slowest to dissolve?{ when using the same amount of tea
and sugar)
{)&J!}ém1}¢wlﬁﬁ|ﬁaﬂ1mﬁ ;Jlﬂmq_au.ﬂ; Hk_-,—"ﬂ'uu-h,#l

A. Granulated sugar in hot tea with stirring <l a3l e Saludl LA 4 5 gadaddl S

B. A cube sugar in iced tea without stirring ly jadll 5 g mBiall LAl A Sud) Gaafa
C. A cube sugar in hot tea with stirring el ae aldl gLO B Sl aess

D. Granulated sugar in iced tea without stirring <Ll 32 zhal (LI 8 5 gadaadl S

e b - o o
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