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CHM.5.3.01.011.01 Define stoichiometry

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

NLEoTI%INSPIRED5-76 &



What is the study of quantitative relationships e Al ) A s et Ve
between the amounts of reactants used and 40 S5 =0 pill g Assitisall Aleliiall o g

amounts of products formed by a chemical reaction called? ‘Pl elss ) e

The mole ratios ag gl sl
The stoichiometry 4l Sl Sl
The balanced chemical equation 45 ) pall SN Alilalll

The law of conservation of mass LSl Jaga [ 498
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Stoichiometry is based on the law of .... ceee sl e and A8l Silblall

Constant mole ratios Fl) K gal) ol '®)

Avogadro’s constant 1g yilangdl cuils O

Conservation of energy PEIRE T 0O

Conservation of mass ARSI Laaa @)
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What is the scientific law that states that matter is not created
or destroyed but only transformed in a chemical reaction?

(U 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) + 30.(9) — 2Fe O (s)
Iron + oxygen — iron (llf) oxide
4 atoms of Fe + 3 molecules O, — 2 formula units of Fe O,
4 mol Fe + 3 mol O, — 2 mol Fe,O,
223.4 g Fe + 96.00g O, = 319.4 g Fe O,
319.4 g reactants —3 319.4 g products
| 55.85 g Fe |
4 melFe x lfumllhf' = 223.4 ¢ Fe
. 1597gFeO, _
3 mel O X Izli:i;: =96.00g O, 2 merte U, X 5 molFe O, 319.4 g Fe O,

-INSPIRE 25-26




C,H.(9) + 50,(g) — 3CO_(g) + 4H,0(g)

Unknown

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

1 molecule C3H8 4+ 5 molecules OJ —+ 3 molecules CO.., + 4 molecules HQO

44.09 g CH
TmolC,H, + 5 mol O, — 3 mol CO, + 4 mol H,O 1mobEH; X o= = 44.09 g CH,
320090,
5 motO X _TW: 160.0g O,
44.01g CO

3 motHE0] X -q-nw =132.0 g CO,

18.02gHO
4 W X “Trio 'I—I'“l“e,.“‘* = 72.08 g H20

4409 g C,H, +160.0 g O, = 204.1 g reactants
132.0g CO, + 72.08 g H,O = 204.1 g products

2041 g reactants = 204.1 g products
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What do the coefficients in the following balanced chemical Ay gl Adaa Sl Alaldl 3 Cellale ) Al el ool e
equation indicate? caNN

2Mﬂt$) =+ 02{9} = 2”9(}{5}

Moles number | ey gall 22c ] 1 |
Molecules number iy jadl sae { |
Atoms number Sl pall 22e | N ‘

1, Nl
Only |
I, Il and 111

Only I

. -EoT3 -INSPIRE 25-26
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What is the total mass of the reactants in the following g 3 gall Aniiasll Addlaall A Ao UGall ) gall JiS £ gada La
¢ Al
balance chemical equation? ’
4 FE:5}+ 3':'1; g) EE— 2FE‘3D3:53

Molar mass 4l gl AL | Element _-siall
(g / mol)
16 | o
55.85 Fe

291.5¢g

4156 ¢

271.4¢g

3194 ¢

_INSPIRE 25-26



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

N2(g) + 3Hzg) ——— 2NHj(

?@M QW‘ (3o éi bl Jeladl)

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

34.062 g s b SOl ldiall JS ¢ gana

Jolall ol AL 3 i Caay

28.014 g s sbw il sl JiS £ sana




10ady _____chemistry  2025-2026

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

moles of unknown
moles of known

= moles of unknown

moles of known x

How many moles of CO; are produced when 5 moles of $C3Hg O 5 mol el ic 2w €Oy (3o g S
C3Hg are reacted?
Cillsg+ S Og 2 I CO2@+ 4 H20(g)

30 mol
3 mol

5 mol

15 mol




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 ghwen substance Mass of umknown substance

Step 2

_omwert from grams bo

nobes of the given

substance. Use the
merse of the molar

nass as the
—onverslion facior.

Step 4
Coneert from moles
of unkcnowven to

1 maal number of grams et ok ik .
number of grams 1 mel R
as the conversion
factor
il miokes of unknown il
miob=s of given
Step 3
Comvert from mobes of the given
Moles of given substance to moles of the unknown Moles of tnknown

substance substance. Lise the appropriate moke substance

ratio from the balanced chemical
equation as the comversion factor

e e ———— e —————————————

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

~—
\/

-EoT3 -INSPIRE 25-26



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

7 Full Equation: e — ——
[Molesg] = ( Mass (9) )x (Qeﬁ—ﬂ)
MM, (g/mol)/ ~ \Coeff,
How many moles of carbon dioxide CO; will be produced SIS 13 CO5 g SN sl S s A Ysa oK
if 100.0 g of potassium hydrogen carbonate KHCO3 have ¢ KHCO; diing yugll asulisd) QL;};,)S 3« 100.0 @
decomposed?

2KHCO3 (s) — K2COs3 (s) + CO; @t H.O )

(Molar Mass of KHCO; = 100 g/mol) (100 g/mol = KHCO3 &Jgall AlxSJI)
0.5 mol O

1 mol O

0.25 mol @)

2 mol ®)




chemistry

Titanium tetrachloride (TiCly) is extracted from

COfoB

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

titanium oxide (TiOz) using chlorine and coke [MaSSB] = (lMOleSA] x (OeffA

with 3.75 mol of TiO,?

)XMMB

Molar Mass of Cl, — 70.9 g/mol 70.9 g/mol — Cl, 43l sall A
TiO2(s) + C(s) + 2Clx(g) — TiCls(s) + CO2(g)

532 g
473 g
358 g

266 g

~ ~ _EoT3 -INSPIRE 25-26




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
A R 2NaN3(s) — 2Na(s) + 3N2z(g)
\ MaM; = 65 g/mol
‘ M, = 28 g/mol Step 1: Make mass — mole conversion.
1 mol NaN,
100.0 g NaN; — ? g N,(g) 100.0 ; X GS.DZM =1.538 mol NaN,
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_

-INSPIRE 25-26



|Qadv chemistn

What is the mass of carbon dioxide CO, produced 250 g Jelis e s AICO, G S 2| 0 UK L

from the reaction of 250 g of calcium carbonate $CaC0; asuudlSll Cligs S (5e
RGO CaCOs(s) + 2HCl(ag) — CaCly(aq) + H,0() + CO4(g)
Molar Mass CaCO; - 100 g/mol 100 g/mol - CaCO; il sall 2Ll
Molar Mass CO, = 44.0 g/mol 44.0 g/mol = CO, 4l gall 4Ll
110 g
77.0 g

 -EoT3 -INSPIRE 25-26
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Zinc reacts with iodine in a synthesis reaction $A00) Aaleall Bl (psSh deli 3 aadl aa (m)dll Jelin
as the following equation: If 3.50 mol of Zinc f il a3l La o ZN Cpaylall (e 3.50 mol alaandd 5 1)

is used. What is theoretical yield?
Zn{s} ar IZ(S] T an‘?[sl

Molar Mass of Znl, = 319 g/mol Znl, = 319 g/mol 1 gall AT

¢ -EoT3 -INSPIRE 25-26
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One of the reactions used to inflate automobile air bags involves \)'_Mp & Adlsgd) LY el dadiisall e il aal

sodium azide (NaNi). What is the mass of N; produced from the (NaN;) a2 9.0l a3 — ' —

decomposition of 195 g of NaNs? ¢ NaN; ;195 g clSa e aaslll N, 4lis Al

2NaNs(s) — 2Na(s) + 3N2(g)

s N, gas
Molar mass: r4gl gs LIS
NaN; = 65 g/mol 65 g/mol = NaN;
N; = 28 g/mol 28 g/mol = N;

56.0g

112.0¢g

126.0g

25.0¢g
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CHM.5.3.01.013.03 dentify 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
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X juainll Jih ol ) clasal)

Y paiall 56 ghpadl) gl

blue squares represent element X,
green circles represent element Y.
Which of the following is correct?

frnna blas !
| | 0.“ S
g ¥ %% -+ X
| . =
. “ = g &
I X
Limiting reactant is X, X; 32 daoxall Jelazal!
Limiting reactantis Y, Y; 98 duanall Jelaiall

X, is consumed first in the reaction Jolal (§ Yol X, Il o

At the end of the reaction an amount
of Y, is leftover unreacted

8 6 i Ul §
deliia A2 Y, (o

cnemi

Stry 029-2020
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What is the excess reactant in figure shown below?

€ ol g gall JSU) b ) Jolil o

® 0
®

Ethyne

Ethane

Hydrogen

A. Ethane molecules

B. No limiting reactant.

C. Hydrogen molecules

D. Ethyne molecules




Jadv chemistry 025-2(

— - e Al
- What is the limiting reactant in the figure shown below? Folol zupgall JSAI (G Suxall Joliiall Lo v
Jelat b3 Jelal day
Before Reaction After Reaction

:‘ + %D e U% ¥ %6)

Three nitrogen molecules Three hydrogen molecules Two ammonia molecules Two excess nitrogen molecules (N,)
(six nitragen atoms) (six hydrogen atoms) {two nitrogen atoms, six hydrogen atoms) {four nitrogen atoms)
Gzafe Olgje B0 nzgpud Gl 830 Ligedl e O3 Oerafed) oo Oy
(s O3 Cu)  (Inza0ied O Cuw) A28 M O3 Canwg (prg A 06)3 (cazgfd O3 o)
What is the limiting reactant in the figure shown below? Talid) e gall JSd) (A saadl) Jolitall La
Jelah J3
Jelad awy

f i i
Before Reaction After Reaction

* -EoT3 -INS
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In @ bunsen burner flame, what does a yellow color signify?

CH4(g) + 205(g) — COx(g) + 2H,0(9)

(U A) Methane gas is the limiting reactant
O B) Oxygen is the limiting reactant.
C 'C) Carbon dioxide is the limiting reactant.

(U D) Water is the limiting reactant.

. -EoT3 -INSPIRE 25-26
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CHM.5.3.01.013.04 Kentify limiting reactant and excess reactant in a chemical reaction given the number of

moles of reactants

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

and 2 moles of Cl,?
2Al + 3Cl, — 2AlCI;

Limiting Reactant

Fast Formula Method

Divide each reactant mole amount by its coefficient:

moles

coefficient

Smallest value = limiting reactant.

mole cquation: Al Cl,

Given Moles: 2 moles 2 moles

Calculation Steps: Al Cl, Cl,:

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

Comparison:
Conclusion: Excess Limiting

Reactant; reactant:

Al Cl,

-INSPIRE 25-26
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> Example: The number of moles of the reactants is given v
Methane, CHs, burns in oxygen to form carbon dioxide, COz, and water vapor, H20, according to the
following balanced equation:
CHyg) + 2055 — €Oz + 2H20y.

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

a) Identify the limiting reactant.

CHi4 Oz
Number of moles
- m 0.250 moles 1.25 moles
M
o , , 0.250 1.25 _
Divide by reacting ratio = 0.250 =7 0.625
Limiting reactant CHs (The smaller amount)

. -EoT3 -INSPIRE 25-26
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Hematite Fe,0; and carbon monoxide CO react Aladl 38 CO (a8l sl Jgl s Fe 05 cuslagll Jeliny

according fo the following balanced chemical equation : saallall 435 gall Aliast)
FezOS(S) o 3C0(g) - ZFE(S) + 3C02(g]

If 25.0 mol of Fe,0, and 3().0 mol of CO Jelidl 2 CO e 30.0 mol pe Fe,05 (e 25.0 Mol paaaad 13

are used in the reaction

Which of the following is the limiting reactant? ol Jelind! o L las gl
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CHM.5.3.01.013.05 identify imiting 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 asmguall (e 100 g Liazasd N M Jelil 3
100 g of iron (lll) oxide (Fe;0s), what is the limiting reactant? Sasaall Jelindl ¢ Fe,0; (1) waall $i 2 100 s
6Na() + Fe;03(5) — 3NayO,) + 2Fey)

Molar Mass: 1dd gali AliSY)
Na = 23 g/mol 23 g/mol = Na
Fe.Os = 160 g/mol 160 g/mol = Fe.0:

Na O

Fe O

Fe,O3 O

NaZO O

~ .EoT3 -INSPIRE 25-26




CHM.5.3.01.01 3.08 Calculate the mass of product{s) produced in a chemical reaction given a pariculate diagram, mass or mole of tha ‘
. : ! L J

reaciants ™

W s — R s e

. "
Carbon dioxide CO, reacts with water H,0 in el e 3 H0 clall a €Oz Gy S 2l o Jeliy Step 1 — Convert grams to moles
photosynthesis reaction in green plants to produce (CeHi20g) jsSsbll 215y ol piadll il 8 5 sl

66 -
—>_ = 1.50 mol CO 2 _ .
glucose (CgHy20¢) and oxygen as shown in the il Alaall g iy LS CraSYlg 44.0 s 2 1802 4.00 mol HO
SN DO 6C0x5) + 6H;0 () —— C4H1z06 5) + 60; g Step 2 — Determine limiting reactant
: Equation ratio:

a plant has 66 g of CO, and 72 g of H,0. H0 0272 g 5C0; 4 66 g o 4l g

GC(_)Q . 6H20

1C0Oy : 1H50

What is the mass of glucose produced? 38 kel (10 o S Lo

CeHi,05 = 180.18 g/mol | CO,=44.0 g/mol | H,0 = 18.02 g/mol 002 is 11m1t1ng
Step 3 6CO, : 1CsHyz04 Step 4 — Convert moles of glucose to grams
e Hr0On Convert to grams:
1.50 mol CO; x Lmol CeH120
G Cos 0.250 x 180.18 = 45.0 g
= 0.250 mol C@Hl-go(; - - — ——

SIRE Z25-206 /ouset sarvrah
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The reaction between solid sodium and iron III) oxide Ay e (1)) sl y bl psngall (pn Jeladll 7 i

-

homd
e ——
o » is one in a series of reactions that inflates an

automobile airbag: If 200.0 g of Na and 200.0 g

15 ol 8 el ggll S A ) (ga5 A CSlelill e

13 3 Fe;03 0a 200 g 5 Na (1« 200.0 g Lieasiul 1)
of Fe,O, are used in this reaction. What is the -
Tl cilall yaal) ATS Le | Jeldll
mass of solid iron produced?
6Na(s) + F9203(S) —_— BNGQO(S) +2Fe(s)

Na = 23.00 g/mol |Fe =156.00 g/mol | Fe,O; = 160 g/mol

-INSPIRE 25-26
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When chlorine gas; Cl, reacts with solid phosphorus

ol s P el poliagll ws Ol R T8 (ol Vo

P, ,solid phosphorus pentachloride PCl; is produced. Cly 5l (6 16.0 g Jelia 1) .PCls liall seuadl)l )4lS

If 16.0 g of chlorine reacts with 23.0 g of P4 , which Saia Al e (ol Py 023.0 g pe

of the following is correct?

P Cl Element symbol jaiall 3,
p4(5} +10 Clz{gl ’ 4PCI5{5] Atomic mass )3l a<l)
30.97 35.45
(g /mol)
axalll (PCls) ds saildl Jelaia) sl Jelaal)
Amount of ( PCls) produced Excess reactant Limiting reactant
18.82 g Py Cl, A
28.50 g Py Cl, B
33.45¢g Cl, P4 C
44.28 g Cl, Py D

R ———
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11 JCHM.5.3.01.013.13 Defing the percent yield of a chemical reaction Textbook + Figure B 227,228
12 |JCHM.5.3.01.013.1]1 Distinguish betwean heoratical yield and actual yield in stoichiomelric calculations Textbook + Example problem 6 + Practice Problems 227,228,229
13 JCHM.5.3.01.013.14 Calculate parcenl yield and theoratical in a chemical reacton Texthook + Example problem 6 + 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: «{i»
Definition: The maximum amount of product that can be produced from a
given amount of reactant, based on stoichiometric calculations.

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

-
2. DEFINING PERCENT YIELD (CHM.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.

| U ‘I; i::‘} i y
Bess. percentage yield = ( Actua.l Ylel(.i ) ATl
| | Theoretical Yield
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hat is the actual yield of a chemical reaction?

Jelanll § adl Jgpamall dgsmiall Lo s ..A,

¢ GlearS
A) The maximum possible amount of product “
B) The amount of product predicted by Ll (e diSon dasS Yy
calculations O bluadl dad giall 31 4uS
C) The amount of product actually produced in an 4,3l (3 Was =) @5 (1 5l 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 &) LS Bl oy 55 AR2) A8,
experiment dudLo) 3l g0 B31s il codle !,
B) Reactions always produce extra products o duwld o ($y1adl Jguamall,
C) Theoretical yield is measured experimentally Jelazll U3t ala35 coMelanall &S

D) Reactants increase during the reaction

e S ——
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A reaction has a theoretical 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%

7\

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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chemistry § 0

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 (AgNO,). 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 Equation: ‘Li rrTEI‘%lg —;

2 AgNO, (ag) + K,CrO, (aq) —> s) + 2 KNO, (aqg)
(excess) 5
Molar Masses: D
[ AgNO, (aq) = 169.87 g/moIJ [Ag2CrO4 =331.73 g/mol]
a) Calculate Moles of AgNO,;:
1 mol AgNO,
0.500 g AgNO; x 169.87 g AGQNO, 0.002943 mol AgNO,.

b) Calculate Moles of Ag,CrO, (Stoichiometry):

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

¢) Calculate Mass of Ag,CrO, (Theoretical Yield):

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

[ THEORETICAL YIELD = 0.488 g A92Cr04]

STEP 2: PERCENT YIELD

Formula:

Actual Yield
Theoretical Yield

{ Percent Yield = x 100% }

l Theoretical Yield:

Actual Yield: o
0.455 g Ag,CrO, %_:? . ey «— 04889
(Given) -
Plug in the values:
: 0.455¢
= %
Percent Yield 0.488 g x 100%

Percent Yield = (0.9324) x 100% s
V)
'PERCENT YIELD = 93.2% |
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THE FIVE ASSUMPTIONS OF KINETIC MOLECULAR THEORY (KMT)

14 ‘CHM.E.Z.HI .001.02 List the five assumptions of the Kinetic Molecular Theory

{1 TINY PARTICLES, FAR APART. |—— | 2. CONSTANT, RANDOM, 13. PERFEﬂLY“‘,;‘*:’;S}jtijt;gﬁﬁt‘[ismu&}
f _ " STRAIGHT-LINE MOTION.
LE,{‘SE% garégksg P%‘r\w GAS PARTICLES ARE IN CONSTANT, \ J7 ’
| PARTICLES THAT ARE | RANDOM, STRAIGHT-LINE MOTION. 0° ENERGY IN  NO ENERGY
® o o ® @ FAR APART . 7\ LOSS
® o o © o | COMPAREDIOTHER C\ /' / ° |
o o ° S TSA =1 P @ CW COLLISIONS BETWEEN GAS
® @ o lo°|@ o MOSTLY e Q PARTICLES AND WITH THE
@ . ? <«—1— EMPTY ) WALLS OF THE CONTAINER ARE
> © : o ° | @ ©| SPACE. 0 ® / '\0 g @) i PERFECTLY ELASTIC.
G e ZIG-ZAG PATHS.
k J [\ 4l 5. AVERAGE KINETIC ENERGY IS
3. PERFECTLY ELASTIC COLLISIONS. PROPORTIONAL TO TEMPERATURE.
R _ = IDEAL GAS REAL GAS LOW TEMPERATURE(T1)  HIGH TEMPERATURE (T2)
4 " “ o @~y [ || @ OO
‘ ° ENERGY IN NO ENERGY "o | O 9] 5
0UT LOSS O=a o= 0= 07,0
TR ¢ e~ - AN
/ @ Q 0 O=
PARTICLES AND WITH THE o » |}
WALLS OF THE CONTAINER o< o L KEqyg = mv2 AKeT
ARE PERFECTLY ELASTIC.
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. |

N
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Which is NOT an assumption of the kinetic-molecular theory?

All the gas particles in a sample have the same velocity.

A gas particle is not significantly attracted or repelled by other gas particles.

Collisions between gas particles are elastic.

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

SAishall Al skl Labdl Cand Al a6l

.b\b&g & J-\.x.i‘ Q‘M )!L':.\: 3‘ L_..;LA:}:) \r

AS adl Alall Jau e el ddane 55l da g cliladl (ST
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Which of the following statements is True?

E
g . -
-
L] - 1
L
e S —
Particles of a gas collide with each other and with the walls of s2ay gloghl Gl ey (aad) Lpvaas pa palat D Sl
their container, these collisions are inelastic. Lipa i Slasloadll
Particles of a gas collide with their container only Li glegll Jans aaladn il Slews
Particles of a gas never collide adlam Y Jlall il
Particles of a gas collide with each other and with the walls slesll lia sy dandl Lo aa aila® jlall Slawa
= of their container, these collisions are elastic. i pa Sikasloanll adag : Gl

7 -EoT3 -INSPIRE 25-26
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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

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.

Ratea molar massp
Ratep molar massa

~ > _EoT3 -INSPIRE 25-26



- 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) 042 Rate NH, _ v MHCI

b) 2.50 Rate HCl MNH,

(c) 1.47]

d 1.13 |Rate. NPy _ ¥ 365  _gq 4]
__Rate HCI v 17

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

a) 0.421 Rate N,  _ VNG

b) 2.50 Rate Ne vV M N,

€) 147 Rate N, vV 20.2 _

id) 0.849 | = 1222 = 0849

Rate Ne v 28

=

 _EoT3 -INSPIRE 25-26
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e e — i

Neon (Ne) has a molar mass of 20.0 g/mol; dl fag gl 0yIS Glag «20.0 g/mol ddga akS al /el 3l

and Hydrogen Chioride (HCI) has a molar mass of 36.5 g/mol. .36.5 g/mol ddg. S

What is the ratio of their diffusion rates? oLl o ame dad A e

143D

1.83
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)
.'4',‘,":}—‘?- i , i

L W

Four identical balloons were hiled with different gases 10 the same volume,

Which balloon does the gas efluse the fastest from #t?

-INSPIRE 25-26

T — ..~ gy

P _J'/& . »Ao ~'.-'A,..,' 'A,u P 44,'.'1'5.- _’.'..'ay'y' :./-'

T8 ! Ay die jadl M OO g

idya) ALy

Molar Mass
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16 |CHM.5.2.001.004.01 Identify the most commonly used units for pressure while converting among units of pressure

Barometers are instruments used to measure
atmospheric air pressure.

Table
12.1

Comparison
of Pressure Units

Manometers measure gas pressure in a closed
container.

The Sl unit of pressure is the pascal (Pa)

Kilopascal (kPa) 101.3 kPa
pascal (Pa) is equal to a force of one Newton per Atmosphere (atm) —
2
square meter or N/m . Millimeters of mercury
760 mm Hg
(mm Hg)
Torr 760 torr
Pounds per square inch 147 ps

(psi or Ib/in?)
latm = _760_mmHg = 760 _torr = 1013 _kPa | Bar 1.01 bar

SPIRE 25-26
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The weather report includes a readlng Df 2
atmospheric pressure, is 0.95 atm

express for this pressure by mmHg unit

a;_ﬁ;.;..l'll:i....&:ﬂnpilﬁm);ﬂ J‘P'}“F _J.J)LL_}.A....QJ.:
MMHQ 3a 5 il la o e 0.95 atm

a— 722 mmHg |

b - 760 mmHg 0.95 3
¢ —101.3 mmHg I x

d — 1T mmHg

= 722 mmHg

The weather report includes a reading of
atmospheric pressure, is 0.95 atm
express for this pressure by kPa unit

o ¢ gl baall el B4, all Jlgal) 8 Gaaly

kPa 32 5 baxiall 138 e e 0.95 atm

101.3 ICPH o 06.2 kpa

a—760 kPa
b-101.3 kPa

0.95 a
c-96.2 kPa ] );rﬁ A

— 1 kPa

1u/trﬁ




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
17

mixture of gases

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 .1l FEepresents total pressure. P,,

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

final gas, Ph.
What is the partial pressure of water vapor in an air OS5 Ladie elggll (e die A elall A Sl arall L
sample when the total pressure is 1.00 atm, the

0.79 atm (uag il Sl darally 1.00 atm I oz )
partial pressure of nitrogen is 0.79 atm, the partial Gl (] 2 o

pressure of oxygen is 0.20 atm, and the partial gaan] Syl Ll 0.20 atm anSU sl Ll

pressure of all other gases in air is 0.0044 atm?
°0.0044 atm 5AY chll

a- 0.0056 atm PT: Pn, + Po, + Pgase+ PH,0

1.00 = 0.79
b- 0.2100 atm + 0.20 + 0.0044 § Ppo

PH,0 =1.00 -(0.79 + 0.20 + 0.0044 )
PHo = 5.6 x10°3

d- 0.9956 atm e W

C- 0.80 atm




chemistry §

. | A mixture of oxygen ( Oz ), carbon dIO}(Ide (COz ), and nitrogen ( N2 ) has e
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 N2 is 0.12 atm?

a) 0.19 Pr = Po, +Pco,+ P,
b) 0.15 | Po, = Py - (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 T P3 + P4
c) 14.2 Pr = 5 + 456 +3.02 + 1.20
d) 10.1

| Py = 13.78 kPa

— e — vo——



atm

Volume (L)
(@)
|
|

Jaqayv

chemistry 0

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

\(1,0 atm, 10 L)

oo
|

4

2 L[ T
| (4.0 atm, 2‘.5 L)

0 N

Pressure (atm)

g 05 L0 5 20 25 30 35 499

Use the graph to determine the volume if
the pressure is 2.5 atm.

Use the graph to determine the pressure if
the volume is 8L .

~ EoT3 -INSPIRE 25-26



Volume (L)

L P -
| T 177 Taoam, 25U

3 B EEEREEEEE

0 0s 10 15 20 25 30 35S 4.0
Pressure {atm)

Gay-Lussac’s law

Boyle's Law

Charles’s law

Henry's Law

(L) podel

10 ! ‘(1.03171'\;. 10|.)

I
HEHENGH

6 ! | B
| (2.0 atm, S L) |
4 +—4% -4
2 [ 1 T =
|1 l(a.0awm, 250
0

0 05 10 15 20 25 30
(atm) Jasal!

iyl sla 8

e el

3.5

40
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19 |CHM.5.2.01.004.15 Use the mathematical formula of Charles’s law to calculate volume—temperature changes at constant pressure

Charles’s Law

-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 Yy =L 5 ¢ % 313 x V, = 2.32 x 348
: T, =40°C+273=313K
c) 4.62L Sine: % v, = 2.32x348
d) 1.74 L V= 2 e R = 313
313 348 ”
T1 = 75+273=348K V, = 2581
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A sample of gas occupies a volume of 6.50 L Ld 95.0 "C 5)lia 50 2ic 6.50 L Laaa e e Lie Jads
at 95.0 "C .What is the Celsius temperature(’C)

¢1.63 L L e aps laie mua: 3l (C) 550l 350
at which the volume of the gas sample will ' e ¢ (7C)

become 1.63 L?

_~ -EoT3 -INSPIRE 25-26
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chemistry

= A
T — -
-

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

la) 3.07L | 'U1=4.3L Vi _ vz 350 x V, = 4.3 x 250 o
b) 2.58L T, = 350K rn Vv, = 4'33’;? 350K
c) 462L V,= ? 2.3 il V; EV3aiL
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 ?

a) 243.71°C :1 fzfclz?g 362 K
b) 441.3°C T e
c) 762.1°C o,

|d) 332.1°C )

Vi vz 067 x T, =1.12 x 362
b 1% 1. = 1.12x362
. 0.67
g5f 117 T, =605.1K
362 T2 T, = 605.1K - 273
= 332.1°C
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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 Lips e e die Jods

at 95.0 °C .What is the Celsius temperature(“c) SRR i . P
‘1. lall A de sl hall day)
at which the volume of the gas sample will 3 o= geal N (0) & )

become 1.63 L? A vi v2 |6.50 x T, = 1.63 x 368
,1 = - — e
[ a) -181°C ] T, = 95°C+273=368K - - T, = l‘ﬁg ‘;[}368
b) 365°C V.= 1.63L 6.50 1.63 T, = 92.28K
€) -92°C Sl 368 T2 T, =92.28K - 273
d) 418°C _Filil = -180.7 °C
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4»-& CHM.5.2.01.004.19 Use the mathematical formula of Gay—Lussac’s law to calculate pressure-temperature changes at constant volume IS 4~

Gay-Lussac’s Law
P, P,

T, 1T:

- 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 - 2 _
) T, =25°C+273=298K T, T, |[P,x298 = 5 Xx 263
3} 200 ot P,= ? = 5X263
| > gh . -4 ? = 298
_C) 4.41 atm ] T, =-10°C +273=263K| 298 263 . =
2 .

d) 1.74 atm




Jaqayv

‘.’C’, Je : . N :
‘f? .The pressure in an automobile tire is 1.88 atm at 25.0°C. What will be the pressure

chemistry

if the temperature increases to 37.0°C ?

a) 3.21 atm
b) 2.58 atm
c) 3.41 atm

d) 1.96 atm |

P, =1.88 atm

T, =25°C+273=298K
P,= ?

T, =37°C +273=310K

P,x298 =1.88 x 310

1.88x310

P -
. 298

. 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

b) 135.4K |

c) 312.5K
d) 161.3K

P, =1.12 atm
T, = ?
P,= 2.56 atm

T, =36.6°C +273=309.5K

P,

T,x2.56 =1.12 x 309.5

7. = 1.12x3095
1 -_
2.56

T, =135.4K
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‘5&:"'_ = 21 |CHM.5.2.01.003.13 List conditions of agas at 5TPand RTP ————————
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.

*Remember 1 mol=22.4L*

Using Avogadro's principle

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

LA HE 121

3.8 moles x
1 mole

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

I 1.5 moles x

22.4L

1 mole

= 33.6L
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Avogadro's principle states that equal volumes of gases at the same temperature and pressure contain equal

numbers of particles.

Count the particles

of each gas
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o C
KA")Z = “Equal volumes of gases at the same pressure and Noall Sa i Tan ol s ai amim A 6 2 a sl ey »
24 4\ q 8 p 5l Q)-,M\Uumm (Sl u;ﬂlwﬁ,w alaaly R P L.
\0' s H ” ¢ N
temperature contain equal numbers of particles.” JRLCT I O S T B
This is the statement of ......cccoovvinvnnens

|

)
@

-
Combined gas law callall el o 3lall
Le Chatelier's principle ol s
Ideal gas law bl S ol

Avogadro’s principle golagil faus
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According to Avogadro’s principle, 1 mol of any gas 5

-

What are the standard temperature and pressure (STP) for a gas?

at STP occupies a volume of

Temperature = 0 °C and pressure = 1 kPa

Temperature = 273 °C and pressure = 1 atm

2. 79 L Temperature =1 °C and pressure =0 atm

i ———
- Temperature = 0 °C and pressure = 1 atm

1.00L

6.02 L

-INSPIRE 25-26
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-g )—-_: 22 |CHM.5.2.01.004.28 Use the ideal gas law to calculate pressure, volume, temperature, mass of a gas, when three quantities are given =

L o
)

\"

| PV=nRT

pressure

(atm ) temprature

volume v -.
(1) n, of moles (K)
( mol ) v
Ideal gas
constant

R = —LV _ 1latm x224l = 00821 atm.L/ mol.K

nT 1mol X 273 K

~ ~ -EoT3 -INSPIRE 25-26
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) — ;}---
4:& 1. Determine the Celsius temperature of 2.49 mol of a gas contained in a 1.00-L e ‘.;-
vessel at a pressure of 143 kPa.

PV=nRT
a) 6.9°C n =2.49 mol 1.41 x 1 = 2.49x0.0821x T
V= 1.0L
8]
| b) -266°C| =143 KpE X LU 1 41 aam| T =69 -273
c) -133°C 101.3 kPa T = -266.1°C
R = 0.0821
0
d) -13.7°C o

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

V=2 j
a) 39L n =0.323 mol .
b) 5.2L L FRY 0.900 x V =0.323 x 0.0821 X 265
[ 2) gg II: | P =0.900 atm ¥ = Eaik
) 7. R =0.0821




Jaay chemistry )

‘4 )* & 3. What is the pressure, in atmospheres, of a 0.108-mol sample of helium gas at

v a temperature of 20.0°C if its volume is 0.505 L?
a) 10.3 atm : :(?15(?::101 S bl
) P x 0.505 =0.108 x 0.0821 x 293
[b) 5.14ath T= 20°C+273=293K
c) 2.07 atm - i P =5.14 atm
d) 3.24 atm R =0.0821

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?

V =0.0441L PV=nRT

a) 9.5x10* mol e

[ b) 6.9 x 103 mol ] 3.81 x 0.044 = n x0.0821 x 298
. T = 25°C+273=298K 3.81 x 0.044

c) 8.5x 10" mol - _
P = 3.81 atm 0.0821 x 298

d) 3.7 x 103 mol _3
R = 0.0821 n = 6.9 x10°mol
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|f\'.

A T — —— =

,"‘- Ak - - R ———— —— — —————— ] e it
\0'

If the pressure exerted by a gas at 35°C in a volume Sslw 35 9C 5)ln o0 e Hle e Jsadl Jaaall €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?

Phagngall Al CNga 26 aSE

R=0.0821 =&
mol K
4.25mol (a
V =0.044 L PV=nRT
—H
=g 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 308 445 mol (c
R = 0.0821 n = 0.013 mol
[0.013 mol (d]

~ -EoT3 -INSPIRE 25-26
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How much carbon dioxide gas, in grams, is in

2.75 L ans Ol 4.‘. S.),;,A‘ ahadl O )SA\ _.....S‘ ..a S L
a 2.75 L balloon at STP?

OSTP J—h—‘-ﬂa\ \,a\,u\-\;‘_:.
Molar mass of carbon dioxide - 44.0 g/mol

44.0 g/molL = (5 Sl sl

....A.u,u\ ansl)
L.atm
R=0. 08”1
ol K
V = 2.75L o 7259 (a
m=? M= ”I'DV
T=273K 6.35g (b
a4 = mx 0.0821 x 273
P =1atm 1 x 2.75
5409 (c
R =0.0821 m= 5.40 g [ ]
M= 44 g /mol
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ot ‘ %23 |CHM.5.2.01.003.15 Predict the conditions under which a real gas might deviate from ideal behavior while explaining its effect ! = S
& - S, " i
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 @Emperature
Low pressure igh pressure
Conditions
Nonpolar Polar
Small particles(low molar mass) Large particles(high molar mass)

-INSPIRE 25-26



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 .

.~ _EoT3 -INSPIRE 25-26
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S~ = ————— __Lin,
. 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

~

Athi B — At low pressures and high temperatures ]
c. Athigh pressure and low temperature C — At high pressures and high temperatures

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

- 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 -




7\

|0aav chemistry

SR a— —— -
\
When does a real gas behave like an ideal gas? f bl Sl Jie aaiall Glall iy Je
Al high pressure and low temperature daidial 5hall Agjay Al el e
When high pressure is applied and the gas changes s iy e H0EN e (B ) D Al Jgam Laic
to the liquid phase
When the particles are close to each other, and atiractive ‘
. ol (oab dlajng Jdandl lgdany S Cilijedl ol Laie
forces are high
-
When the particles are far apart, and the attractive forces ;
el b JBg lmad) piimes e Culiadl deis Latie
are low
R




\o

Regarding both ideal and real gases.

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 attracted, repelled by the walls

of their containers

Agigial ety I AN e IS Sley Lad
e 43‘.,) e é‘

P D gl oL ey e Gkl Shl ells (g

(CaHio) OBssd) Jia Laga HSY1 Slissoll iy il el ( b
S AN eyl
s JE S dake oo BAS el S s ( ¢

daadniadl §hall Sl g Al bgall

iadiy Wolames (o woilad (s L ad0a e ( d

b Sagmgall dpe oY) (oo aa LT,
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‘1{#;‘*‘ = 24 |CHM.5.2.03.002.12 Calculate percent by mass of a solution = = ‘
N

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

— ¥ 100
Mmass Df solution
20
Percent by mass = X 100
600 + 20
= 323 %

f ’*_'-,5"\,

=i




anv

chemistry 1£0-2U20
3 ’&)"  — e —

— - — -—

What is the percent by mass of sodium chloride NaCl in Seas Jelaa 4 NaCl ageall o)y ARSI Ll dadll L
a solution containing 4.0 g of NaCl dissolved in fH,0 ol 52 100.0 g A1 NaCl . 4.0 g 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) 33%
= 385 %
d) 4.8 %
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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

Molarity

molaritv (M) __ _moles of solute
E 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
(CeH1206) in 1.5 L of solution?  ( molar mass of CsH1206 = 180 g /mol )

| a) 0.147M | —
1 mﬂl =Ir.-f" Ih"‘-:-'
b) 0.113 M 40 g X 180 g 022mol)
% 125K M = :‘, = 2'22 =0.147M

d) 0.185 M
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What is the molarity of an aqueous solution containing 40.0 g 38Ssiall 50 40.0 g e span Jslaa 455Ysa L ’
of glucose (CgH,,04) in 1.5 L of solution? tdsadd e 1.5 L A (CeH,06)
Sl Alyd ) |
180.16 g/mol ‘
Molar mass of Glucose |

[ a) 0.15M] | 1 mol ' L
40 g X "'xﬂ 22 o
5] 0.22M 9 180.16g il '
c) 1.33M n 0.22
M = = =0.147M
d} 1.14 M Vv 4s3
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What mass of calcium hydroxide Ca(OH), is needed to il PN Ca(OH)) »pandlSll 285 508 ABS Ls
produce 1500 mL of a (0.025M solution? 90.025 M 53804 1500 ML aass Jolas
( Molar mass of Ca(OH), = 74.09 g/mol) (Ca(OH),; = 74.09 g/mol 1 izl absli)

S ELTOEINSRIREDSP6
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26 |CHM.5.2.03.002.16 Perform calculation involving diluting a concentrated solution

Dilution Equation

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

What volume (in mL) of 2 2.50 M HCl stock
solutionis needed to prepare 400.0mL of 2 0.625 M
HCl solution? { v ?em e
A- 800 s
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

k) b I-__l'l-'l.:-lll ‘_‘,.]I.-.r._n..’;'-| -:-3._,»11 S
A laall il S sall sae

o laall JJlaa™ S gall sae

oLl laal] eyl Y gall e

O 1O 110
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What volume of 2.00 M calcium chloride (CaCl,) stock 2.00 M 355 (CaCly) » g€l 251 il Jgladll pas La

solution would you need to prepare ().5 L of 0.5 M CaCl,? ¢0.5 M )5 CaCly e 0.5 L anan Jglas jaazl 50

/
[ —

=~
{
/AN
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What volume (in mL) of a 2.50 M HCl stock
solution is needed to prepare 400.0 mL of 2 0.625 M

HCl solution?

A~ 800
B- 400
C- 200
D- 100

~ ~ -EoT3 -INSPIRE 25-26
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How much 1M sodium hydroxide (NaOH), in milliliters, ALy 1M 038 5 ) (NaOH) a3 seall 2008 5 5200 (e zlia oS
is needed to make 500 mL of 0.01M NaQOH? Y0.01M NaOH (= 500 mL uaxil

50 mL
5mL
0.5mL

500 mL
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0 27 |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 ;
e ' r
Molality
molal ity (m} _ moles of solute

kg of solvent

The molality of a solution equals the moles of solute divided by kilograms of solvent.
m

=53 / mass
-
e

-

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

(lmc:u‘ar mass of NaOH =40 g /mol)

1 kg
kg solvent q mol P '
10,0 g x =(0.25 mol\. n
a) 0.62 m / 40 g . )
b) 0155 e m— kg 5:Iuer1t
c) 0.375 m
=S 0.25
[d) 0.25 m ] 1

m= 0.25 m
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What is the molality of a solution containing 5.0 g of (NaCl) sgaguall 2,98 50 5.0 g Jo spas Jslae 4lVse
sodium chloride (NaCl) dissolved in 100.0 g of f(H20) ekl e 100.0 g & 485
water (H,0)?
Molar mass 4l kSl Compound S ,4!
58.44 g/mol (NaCl) pgaguall 20105
Sodium chloride

a) 0.86 mol/Kg
b) 0.18 mol/Kg

c) 0.25 mol/Kg

d) 0.77 molUKg

/
r-—

=~
o
e\
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Which of the following express molality? YAl (el L Laa gl
moles of solute Gl &Y e 2e
liters of solution (L)J shaall ana
b.

moles of solute X liters of solution  (L)Jslaall pas X 2 ZY ge 2

c.: :
moles of solute O KVA | L) ORRRYS
kg of solvent (kg)—siall kS
d.

moles of solute X kg of solvent (kg )suiall S X AN Y ga 200
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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

v Supersaturated

: 1 » 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. — = _——

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

) M‘j;ﬂJM‘J‘ JM\S\}BZ.QQ‘\J.'}QC__A*A \;S:.’L“é‘

in lower temperature

A. To allow excess solute to remain dissolved

die Jlaall 8 4ae a0 ol 320 31 Al salall ~Laul
Aadd e EJ\); :\_;)3

the solution

B. To allow excess solute crystallizes out of

551405 5530 530 cﬁ/

in higher temperature

C. To allow excess solute to remain dissolved

de Jolaall 8 0. a8 Gl 300 31 A1) salall ~Laud)
M)ASJ\):.;_?.)J

when seed crystal add

D. To allow supersaturated solution stable

2541 853 Aila] e 2403 gaiall 358 U shaall e
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Regarding to have a crystal from supersaturation solution, which of the following is correct?

¢ a3 Lae gl ¢ pudiad) (358 Jsladd) (ga )y gl Jgaanlly 3l Lo

Add a seed crystal osdlslgdalal [

scratching the inside of container sle gl ga Aalall e 5l Bas | 2
dle gl e 3kl o il e e dara |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?

i b  Lee gl ¢ ol 38 Jgladl o 55l J gumally (3laty L

Add a seed crystal Jsallslgaslal |
scratching the inside of container elo gl (e Aalll e el Bas | 2
sle gl o 3kl ol dljadll Jia psla dasa (ja Jlaall Lin | 3

keep the solution out of Physical shock like stirring or tapping the container
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Which of the following solutions contains less dissolved solute at specific temperature and
pressure ?

¢ opine Jariia 5 5 5l ja aie el e J8 A0S e (g gy AN il 4

A. Saturated solution periiall J slaall

‘B. Unsaturated solution auiial g2 Jglaall

C. supersaturated solution ardiall (3 68 J glaall
D. concentration solution S el J gladll

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

€ omiane it 35l ja i Al Ml e Al 81 e g gian 400N J

A. concentration solution S el J slaal)
B. Unsaturated solution asdiall e Jsladll
C. supersaturated solution andiall (368 J slaall

D. Saturated solution adiall J sladll
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29 |CHM.5.2.02.002.04 Interpret temperature — solubility graph for solids

chemistry

Using the graph below, which of the following statements is in not correct?
 daaua AUl @l Hladl (e s ¢ ol ) an )l alasialy

Solubilities as a Function

100
90 Cacl,
80 !

70

60

50

of Temperature

KCl

40

20
10

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

30 ——Nacl ;

Kclo,

Ce,(SO,),

0
0 10 20 30 40 50 60 70 80 90 100

Temperature (°C)

A. KCIO, solubility increases as temperature
increases

) el da ja Caadl ) La 13) 2o 33 KCIO, auily

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

3l adl As )3 3ah ) ae Apildll A30L ) Sel al kel

From the graph below determine the solubility of KCIO; at 75°C ?

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

§ 75°C 833ly> danyd ais KCIO, w3

Solubilities as a Function
of Temperature

0
0 10 20 30 40 50 60 70 80 90 100
Temperature (°C)

12u2 Gladl easyll p0

A.40g/gH,0

C. Ce,(SO,), solubility decreases rapidly as
temperature increases

50 all da 083 ) die Aoy 05 Ce,(SO,), 4l

B.30g/100g H,0

D. CaCl, has a solubility equals 64 g per 100 g
of H,0 at 10°C

10°C e H,0 100g JS! 64g s sk CaCl, 413

C.30g/gH,0

M -EoT3 -INS

PIRE 25-26
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From the graph below determine the solubility of KCI at 40°C ? From the graph below determine the solubility of KCIO; at 90°C?
$ 40°C 5 s Aa o aie KOl 4aild jaas (Sl aw )l (e €90°C 51> As 5 die KCIO; 4y s Gl pus )l G
Solubilities as a Function - OIUDINTIES aS d 0
i: - of Temperature :N 100 : ;
o 90 L Cacl
§ 80 ‘8_ 80 t t -
g g
S 60 s 60
o = - o)
£ > | | /f(a()'i =
2 O " e 3
3 10 | Cey(50,); ] 2
v 0 s 0
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Temperature (°C) Temperature (°C)
A. 50 g/100 g H,0 A. 50 g/100 g H,0
B.40g/gH,0 B.40g/gH,0
C. 40 g/ 100g H,0 C.40 g/ 100g H,0
D.50g/ g H,0 D.50g/gH,0
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',5 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 Zt‘ (=

o N

/" SOLUTE-SOLVENT
Nomsnoug__/’

Whole Crystal | Crushed/Powder
(Low Surface Area)  (High Surface Area)

Method A - Agitation

(Stirring or Shaking)

Few Collision Points  Massive Collision Points
-> Faster Dissolution

Higher
Temperature

Total surface area
(1845 - 160 m?)

Low Collision Rate High Collision Rate - 0 @
D Faster Dissolution =
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) 1. GAS DISSOLVES IN LIQUID ) @) 2. SOLID DISSOLVES IN LIQUID )

(T Temperature of Liquid = | Solvation of Gas) (T Temperature of Liquid = 1 Solvation of Solid)
a ; . z . .
Explain: (e.g., Soda losing fizz) = ﬁ% Explain: (e.g., Sugar in hot tea) (&P

(8]
% 7
%Oo (‘ff;’
COLD SODA ROOM TEMP SODA COLD TEA ; HOT TEA
A Increasing temperature - Increasing temperature

Less kinetic energy, -> T kinetic energy of gas Fewer solvent-solute | - 7 kinetic energy of

more gas retained particles - gas escaping collisions . solvent particles -

- | solvation T collisions = 1 solvation

~ EoT3 -INSPIRE 25-26
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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.

— o —
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-ﬁ ‘.4\—_‘-- =  — ————————— 1. | Which of the following factors generally increase the rate at which a solid dissolve in liquid?
i - € Al Bale 3 La dulia Babe (s Jane 5353 ) le ISy (5055 A0 Jal sall (3 4
i. | Increasing the pressure of solution Jsbaall Jaiaa 8330 )
ii. | Shaking or stirring the solution Jolaadl &l a5 ol 7
iii. | Increasing the surface area of the solute el o Aalie 330 )
iv. | Increasing the temperature of the solvent Cadall B s ds ya 83y )
A.iandiionly
B. i, ii and iii only
C. ii and iii only
D. ii, ili and iv only
2- | Which of the following is slowest to dissolve?( when using the same amount of tea

and sugar)
(USaall 5 L) (pe ilaaSll s aladiid ie )8 LAl & Ua) oo L laa 4
A. Granulated sugar in hot tea with stirring  <b_adll e GALL LA (A () gadaall S)

B. A cube sugar in iced tea without stirring chy yadll ¢ gu mliall LA (8 Sl Caesa
C. A cube sugar in hot tea with stirring chjadll xe paludl LAl 8 Sl CeSa

D. Granulated sugar in iced tea without stirring < sl s zliall LA 8 ¢ sadaall SU)

v -EoT3 -INSPIRE 25-26
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- Regarding the effect of the temperature on the rate of solvation of substance, which of the

following is incorrect?
¢ iy bl gl Al Gligdie ju e 5l pall A ja il Bles Led

3 el 8 Lgie gyl AL Culall 8 Adiall of pall alaee o5d | 1

Solvation of most solid substances in hotter solvents more quickly than in colder salvents
okl cudall 8 gie paludl cudall 8 Al salall eSS ala i | 2

The amount of solute increases is hot solvent than in cold solvent

B ) yad) da 52 Bl 3o <l lad) Al g3 ala 33 3
Regarding the effect of the temperature on the rate of solvation of substance, which of the Increase the solubility of gases by increasing the temperature
following is correct?

¢ nia il Lea (sl Slsall Glisd de ju e 351 all da s il 3l L | AL 1 only

3,k il A g Unil Al Cudall 8 duliall o) gall alies s | 1 B. 3 only
Solvation of most solid substances in hotter solvents more slowly than in colder solvents
3, Cudall i Leie aludl cudall 8 Dlaall soladl AS a5 | 2 Colit
The amount of solute increases is hot solvent than in cold solvent D.2,3
soloallda b p ol lldnbaa Ju| 3
Decrease the solubility of gases by increasing the temperature

A. 2 only

B. 1 only

g e

D.2,3
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Which of the following is correct regarding to relation between the

temperature and solubility of gas?

¢ Ll Al g 5l pall A 5o G AL (Blath Lad e 5L Lee (S

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

A8l ()Y ) pall da o plan sl lall 4 Jis
JE B Gl sl 48 el

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

A8 Y ) al) da o gl )b el Ausly Ja

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

AUl Y 5 all s e (alaasty el Al ala 3
Alagi jlall Gy jal 4 sl

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

A8l (Y 5 ) ) s o g i 5L SRl 4ald ala 3
B el iy jad 48 Al

U

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

¢ e b Las gl 2 gl Glisd Ao e 5o all da s il Glad Lad

3L Cudall A gie gl AL Codall 3 Aball o gall aiae ogxi | 1

Solvation of most solid substances in hotter solvents faster than in colder solvents
U il b Lo oAbl cudall L Al saldl S Ji5 | 2

The amount of solute decrease is hot solvent than in cold solvent

5yl allda el palalldasbadslay| 3
Increase the solubility of gases by increasing the temperature

A. 1 only l

B. 3 only

C.12

D. 2,3
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Which of the following present the fastest dissolving

when using the same amount of sugar and tea?

Granulated sugar in iced tea while stirring

A sugar cube in iced tea

Granulated sugar in hot tea while stirring

Granulated sugar in iced tea

chemistry U

PP PP PR V- VIR PPV P) p——
¢ sl 5 Sl (o laasll udi aladdu) die

&yl e E.,L‘..dl SLadi ‘3 Ogxdaall Sl

il L) § Sl S

dj:):’..ﬁ‘ & oLl \SL.:.J' d Q}:a.b.aﬁl )S...JI

€Y ] °€Y 1)) 1] €)

ikl Gt § Ogadaall St

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

(USadl 5 Ll (pe ClaaSh udh alaiiad 2ic )€ (3 8 Ul s L Las (4

A. Granulated sugar in hot tea with stirring <3l ae ALl LA 3 ¢ sadaall (S

B. A cube sugar in iced tea without stirring Sy yadll s aliall LA B Sudl aaSa

C. A cube sugar in hot tea with stirring Sl adll aae paludl LA 8 Sl Cansa

D. Granulated sugar in iced tea without stirring <l a3l s Bl LA 3 ¢ gadaall <L)

s
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