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1 | CHM.5.3.01.011.01 Define stoichiometry

(HM.5.3.01.011.03 Interpret a balanced chemical equation in terms of moles, mass and representative particles (atoms, molecules and
formula units)

Table 1 Relationships Derived from a Balanced Chemical Equation

4Fe(s) + 30,(g) - 2Fe,0,(s)
Iron + oxygen —+ iron (Ill) oxide
4 atoms of Fe + 3 molecules O, = 2 formula units of Fe,O,
4 mol Fe + 3mol O, — 2mol Fe,0,
2234qgFe + 96.00g0, - 3194 gFe.0,
319.4 g reactants = 319.4 g products

1. Intérpret the following balanced chemical equations in terms of particles, moles, and mass. Show
that the low of conservation of mass & obsenved

& Ng) + 3H fg) — 2NH fg)
b. HCljaq) + KOH{aq) — KCiiag) + H,Of)
€. 2Mgls) + 0,(g) — 2MgOfs)

4. CHALLENGE For @ach of the following, batance the chomical equation, interpret [he equation in
terms of particles, moles, and mass; and show that the law of condervalion of mass k5 observed.

8 __Nafs) + __H,0 ~ _NoOHiog) + _H/g)
b, __Znis) + __HNO,foc) — __ZniNO )lac) + __ N.Ofg + __ H,0()
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PRACTICE Probleims X ADDITIONAL PRACTICE

1, Inteepret the folowing balanced chamical equations in lorms of partices, moles, and mass. Show
{hat th law of consenvation of mass fs observed

LN+ Mg = g
b, HCliag) + KOH(ag) = KCllag) + H,0f)
¢ M)+ 0.5 = Mg0f)
2, CHALLENGE For each ol the olowing, balance the chamicalequation, tereet the eguation
frms of parices, mole, and mass; and show It 1w of consenvabion of mass s observed.

b Nols)+ WO~ _NaOHpg + __Hjg
b, 2+ __HNO ac) =« _ZNOfoc) + __ N.OfGl + .00

2, CHALLENGE For each of the following, balance the chemical equation; interpret the equation in
terms of particles, moles, and mass; and show that the law of conservation of mass is observed,

8. __Nafs) + __H,0f) = _NaOHfaq) + __H.[g
b. _Zns) +__HNO,aq) -+ _Zn(NO, aq) + _N,0lg) + _H.0f)
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Particle and Mole Relationships

* Chemical reactions stop when one of the reactants is used
up.

* Stoichiometry is the study of quantitative relationships
between the amounts of reactants used and the amounts of
products formed by a chemical reaction.

« Stoichiometry is based on the law of conservation of mass.

* By this law, the total mass of the reactants equals the mass

of the products.
____-__-'-—l—ul
A—8B
5“3 3:7
L. Interpret the followmg balanced chemacal equations b, HCHaq) « KOHiaq) — KCHagq) « HO0)
m terms of pamcles. moles. and mass. Show that the I molecule HCT + 1 formuls unit KOH -
a. Na(g) = YHu(g) — INHilg) 1 mole HCL+ | mole KOM -+
H2 = 2 molecules NH, Mr.Mo
X1+ 3 meles 2 moles ¥ ~ HCE (1 mel) 1008 gmel) +
'-".' ” e - 055790: (1 moty35.453 gumal) = 38461 g
Al KOH: (1 mol)(39.098 g mol) +
N (2 mol 14007 g mel) = 25014 ¢ il mal)( 15999 ¢ mal) «
3H;: (6 mol)1.008 g'mol) = 6.048 g i m t:lu & mal)
NH;: (2 mel) (14.007 g'mol) + KCE: (1 melN19.008
H-HH]H.W!;IH]-H.MII: {1 mol 32453 g mel) = "4.525] g
25004 g N; o 0048 g H: ~» M.062 g NHY H:0: (1 vaal) | 008 g/mel) -
14,062 g reactants = 34,062 g products e s hiond apsce hubonecind
Ma48] g HCl s 56,105 g KOH -
T4.55] g KO« 15015 g HO
92560 g reactanty = 97 566 § produects
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¢, IMgis) + Onig) = IMgONs)

1 atoms Mg + 1 molecule
0 — I formiila units NigO

2 moles Mg + 1 mole Oz — 2 moles MgOD
Aasss

2MIg: (2 mol)(24.205 g mol) = 48.610 g
0! (2 mol)(15.999 g mol) = 31.998 g

¥ Chalienge For cach of the followng. babue the

e al equanion. nferpret the equation s tertin of
e i, @eidgi, el eiis, seed alow et e Lvw Of
{otnervation of nass i odrarved

B Nadede MW =»  BNaliHIM) e
_ Higi

T B
2Nig0: (2 mol){24.505 g/'mel) + ¥Nags) + 20 - INeOH(aq) + 1H:g)
(2 mol)(15.999 g'mol) « §0.608 g ? stoms Na « 2 molecubes H:0 -
5.600 g Mg+ 3998 0: ! fermula unmits NeOH « | mabecale H;
lﬂ.ﬁﬂ!lll‘ﬂ e Na o+ 2 mal H:0 —
. b & H-
$0.608 g reactants = 80.608 g products o
e i Alass:
TN i 2 mol 1l £ mol) = 42.550 g
FHO: (4 mel)(].008 g mol) +
(2 mal) 15,990 g mal) = 16000 g
INalH: i maly 21 g mal) «
i2 mel 13990 g mal) « (2 moly 1008 g mol) =
'hi.lH':
| 1] _m-...._lq;".llr-‘ W
_ DOnisleg) ¢ _ MNoONEh » MK
Ay o 1O gy~
R St < DA + SE-O8T
4 ginam o+ | & moberabes ). —
4 lermnls minls FaiS 000 « | oelernke 400 &
mker e [0

4 mal P 10 med B0 e
& il P Ohvn o« 1 sesl N0 o 8 mal 0006

Wil

T 4 el pas 0 g wal) = 6156 g
LS 1 el R g sl wﬂuad

i1 el 4007 g wmall & Qﬂﬂ 129

i3 il LN S gl = GMLED g

TR N el a5 3 3 mel) -
i el Tl -
(T4 w5999 g mal) - 757592 g

Rk (2wl DA g el -
i1 el 12999 g mal) = HLB10 g
ST 10 el ) g el
i} mali |A.¥9 ¢ mal) = #0O™8 §

hlfs g Fu oo dbill g IO,
T8N g Fa VO o MA010 g Mo s
SLATE g B

WILEA | rrectani = WLA8 | produces
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3 |CHM5.3.01.012.00 Calculate the number of moles of a reactant or 2 product given the number of moles of sncther reactant of product

4 |CHM.5.3.01.012.01 List the steps included in stolchiometric calculations

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

6 |CHM.5.3.001.0012.04 Calculate the mass of a reactant or a product given the mass of anofer reactant or product

PROBLEM-50LVING STRATEGY

Mastering Stoichiometry

The flowchart below outlines the steps used to solve mole-to-mole, mole-to-mass, and
mass-to-mass stoichiometric problems.

1. Complete Step 1 by writing the balanced 3. The end point of the calculation depends on
chemical equation for the reaction. the desired unit of the unknown substance.
2. To determine where 1o start your calculations, -l the answer must be in moles, stop
note the unit of the given substance, after completing Step 3.
+ If mass (in grams) of the given substance is « Ifthe answer must be in grams, stop
the starting unit, begin your calculations with after completing Step 4.
Step 2.
« If amount {in moles) of the given substance is
the starting unit, skip Step 2 and begin your
calculations with Step 3.
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[+ L Apply the Strategy
Ll xay Apply the Problem-Solving Strategy fo Example Problems 2. 3, and 4.
Step 1
Stadt with a balanced
eguation Interpret the
couation in lerms of moles.
no direct convansion
Mass of given substance Maris of unknown substance
Swp 2 Step 4
Coamviert from grams to Convart from mokes
miales of fhe given ok SR ey of unknawn fo
sosunce sothe || oo v [ 2o known
irnveigi &f the maolai v Ui the meolar misd
mass as the B4 the conversion
Convarian Cion factor,
- molos of urknown o
.,.Ir«. p """"""-""'mms u"""'-"'-""'w“ .,.I|h -~
Step 3
Conviil lrom moles of the ghaen
Moles of ghven substoncs 10 mabes of the uninown Maoles of yninown
substanes substance, Use the aporopriste moke substhnes
ratio from the balanced chamacal
equation &4 the comversian lacioe
[+ L]
TRy Sk
What is the first step in solving stoichiometry problems? Thaatl) i et Ja 115 il b
A Writing the unit of the given substance Wl B iy 4
B. Writing the unit of the unknown substance Ay aad b il By B
C. Writing the balanced chemical equation Uy pad Al e 4 02
D, Writing the mole ratios il pall ol UK
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PRACTICE Problems R ADDITIONAL PRACTICE

11. Methane and sulfur react to produce carbon disulfide {CEE). a liquid often used in the production
of cellophane.
_CHlg)+__5,68) = _CS,+ __HSlg)
a. Balance the equation,
b. Calculate the moles of CS, produced when 150 mol S, Is used.
¢. How many moles of H,S are produced?

12. CHALLENGE Sulfuric acid (.50 ) is formed when sulfur dioxide (S, reacts with
oxygen and water.

a, Write the balanced chemical equation for the reaction.
b. How many moles of H,50, are produced from 12.5 moles of SO,?

¢. How many moles of O, are needed?

gk

B
v

0 foohde
|-:|~.:|t| friiTyAl

PRACTICE Frablems ADDITIONAL PRACTICE

13, Sodium chioride ts decompased into the elements sadium and

chioring by means of electical energy, How much chiorng gas, et i
in grams, is obtalned from the process diagrammed at right? — N
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14. CHALLENGE Titanium is a transition metal used in many alloys
because it is extremely strong and lightweight. Titanium tetrachloride (TiCl )
is extracted from titanium oxide (TiO,) using chlorine and coke (carbon),

Ti0,(s) + Cls) + 2Cl,{g) — TiCl,(s) + CO,(g)

a. What mass of Cl, gas is needed to react with 1.25 mol of TiO,?
b. What mass of C is needed to react with 1.25 mol of Ti0,?
¢. What Is the mass of all of the products formed by reaction with 1.25 mol of TiO,?

B

L
|'|'.%|'u||'.ll'I fill

14, CHALLENGE Titanium is a transition melal used in many alloys
because it is extremely strong and lightweight. Titanium tetrachloride (TiCl )
is extracted from titanium oxide (TiO.) using chlorine and coke (carbon).

TiO,(s) + C(s) + 2Cl,(g) = TiCl {s) + CO,(q)

a. What mass of Cl, gas is needed to react with 1.25 mol of TiO,?
b. What mass of C is needed to react with 1.25 mal of Ti0,?
¢, What is the mass of all of the products formed by reaction with 1.25 mol of TiO,?
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14. CHALLENGE Titanium is a fransition metal used in many alloys
because it is extremely strong and lightweight, Titanium tetrachloride (TICI)
5 extracted from titanium oxide (TiO,) using chiorine and coke (carbon).

Ti0,(¢) + Cle) + 2C1L(g) = TiCl,f5) + CO,(0)

8, What mass of Cl, gas Is needed to react with 125 mol of TiO,?
b. What mass of C is needed to react with 125 mol of Ti0,?
¢. Whatis the mass of all of the products formed by reaction with 1.25 mol of TiO

15. One of the reactions used to inflate automaobile air bags involves sodium azide
{NaN,Jr. zﬂaﬂj[s} — 2Nals) + EN?{g}. Determine the mass of N, produced from the

decomposition of NaN, shown below.

=t

i

\ B

100.0 g NaN; — 7 g N;(g)

N2 gas

? B Feslelo

A Bsrnkery Bl

16. CHALLENGE In the formation of acid rain, sulfur dioxide (SO,) reacts with oxygen
and water in the air to form sulfuric acid (H,SO,). Write the balanced chemical
equation for the reaction. If 2.50 g of SO, reacts with excess oxygen and water,
how much H,S0,, in grams, is produced?
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What is the mass of Cl; gas is needed to reacted with 1.25 mol of TiDy,,

| molar mass of Cly = 71 g/mol)
Tihy # Crg #7C)gigy = Tillypy # COpy7

A 88.75g
B.444¢g
C.1775¢g
D.1gl3.
§ - | | n
SUETEE S What is the correct conversion factor for describing e b p e e s
thve arrow with the lstter D in the chart below ? i i D el Jeay U

= s
o o

Hao o g s e ‘ = Mag o e i

’ b
v
B € 7 ==
m " n
‘ -
t'\-- "
Mo i o pdt=n L L LR

A, Balanced chemical equation
E r'I'H:I-hI' rids
C. Inverse hiolar mass
0. Il..I'I-qI'.e ratio
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bl i B e ol sl proctuced feem e ool iThp aii o 5 '-.n;.n:l P g -
el lf_" 1} il t':':'l? '[‘.ﬂ:u'. -1-'-!J 'I.-I'FF,‘ o

CaC04s) + 2HCHDg! — CaCltagh + HyND + COMg)

el Mams Ca00), = (00 gl § 000 vl = il i A
bl i Gl = ) [ gl | 000 gl = Call), 40 AEAD
T |GHW.5.3.0]1, 00301 onity hming reaciant and eutirid fopctant in o dimical roacton given i parbiulabe dsgam ol reacdenis

CHML S, 1.01.00 .04 idontiy imaing reactint and sxcess raactant in & chemical rencion grvan fha rumber of moles of ractings

CHW, 5,101,003 Konbly Bming raciant and eacinia roactan in & chimical rancton ghan thi masa of mactant

10

CHM, 5,301,001 308 Caloutate T mads of producis) producsd in a chamical ickon ghan b paticulaln dagram, makd of mole of the

ricianis
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Determining the limiting reactant

T ebcudations vour did im U preeyious secBiom were b o havisg D reactants
jrowsinl 1 e ki chescribd Byt Dl chomical equation, Whin this is sl e
cilsr, b fired thimg vou miusl &t b defeemine swhich reactant is lmiibng

Consldir the peaciion '-hur.-m.ulf-'lsu.rc 8, i which ther melecubis of nstrogen I?'C::I.m.l
thiree mokecules of hydrogen (1) react bo form ammaonia (N First, all the nitrogen and
b ringen masheculis are sepasabed indo individial atoims. These sfoms are svailable for
reassembling b ammisnds nsolecubes, st & e tils b Figue 4 can e asemblied into
fowil kfs, How ey pobecudes of amminis can be produoed from (e svsilable sona!
e anmomin imolivudss con be assembled oo the Byl aloms and e aioms
Bepaing oimly dy ldlposten abims v saalalle=ihnge B oncl ansmesva meleculp, YW
il boyedrogsen s o, fwo univacted mobales of nitregen emain

Thias, Ivabrogens is the liméting roastant and nitrogen s thy oxoess —
reaztand. I i= imporiand o know which masta & lamating berase
T ampunt of prodoc firmed depends vn (his reactand.

Biteri Rigition Al Reactan

a3 — 8y g0

Frrads ralifegin Fivwi byl F'pas irarsiii T riviiass
LT el | P Lty T by
fin AR |is Airapeil [T il it ST, (il Ffi g
il [aiiait] U e aloary i)

Figura 5. [1you ohech ol of tha o e oal oo and ate ha earcign, oo il fd 1an e of By
fifregen mabiyles @ endhaagid. Thise niragen meleculey s i mioias =iician

Starter activity

In the following balanced chemical equation:
2H, + 0, 2 2H,0
If 4 mol of H, reacts with 4 mol of O, How many moles of H,0 will be

produced?

4mol Hy x lﬁﬁiﬂ dmot 0,2 2210 g o,

— =4mol ;0 1 maol 0,

Which one?2?? % >
The one that finishes first (Limiting reactant)

MAINIDEA Achemical reaction stops when one of the reactants
is used up.
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Limiting reactant (2s=adl Jelid): the
reactant which will determine how
much product is produced. When it
finishes, the reaction stops.

Excess reactant(o=il Jelild):  the
reactant that remains after the reaction

ends (leftover or extra-oat after the
reaction stops).

Check

| In a chemical reaction, one reactant is completely consumed. The other is
- not. Which best describes the reactant that is completely consumed?

. It Is the excess reactant.

(8 ltis the limiting reactant. CORRECT

P [t has a one-to-one mole ratio with the other reactant

2 It starts off as an excess reactant and becomes a limiting
reactant as the reaction progresses.
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Check

Reactants’ leftover when a reaction stops are
(In other words: not fully used up when the reaction is complete.

A) Excess reactants

B) Limiting reactants

Determining the Limiting Reantanﬁ

What is the limiting reactant if we started with 5 moles of

MN,, and 5 moles of H, ?
N, + 3H, - 2NH,

b

Given: 5 moles b maoles

.= =

Divide by the coefficient. 1 mole 3 mole

Compare: 5 > 18

Excess Limiting
fedcran réacran
g M ia Hy
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Determining the Limiting Reactant$"

What i1s the limiting reactant it we started with 5 moles of

M., and 5 moles of H; 7
Nz + 3H3 o ENHE
b

Given: § moles 5 moles

Divide by the coefiicient. 1 mole 3 mole

Compare: 8 > 18

Excess Limiting
rgacrant réacrant

Determining the Limiting Reacfdt

2 moles of N, reacts with 4 moles of hydrogen to form ammonia via the

following reaction. What iz the limiting reactant?

N, + 3H, — 2NH,

b

Siven: 2 moles 4 moles

Divide by the coefficient: imole 3 mole

Compare a ™ 13

Exgess Limiting
reactart  reactan!
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Determining the Limiting Reactants

What Is the limiting reactant if we started with 2 moles of

Al, and 2 moles of Cl, ?
241 + 3¢, - 24lCl,

‘o

Given: 2 moles 2 moles

Divide by the cosfficient:  2male 3 mole

Caompare 1 > 06

Excess Limiting
reactant reacfant

Determining the Limiting Reactants

What is the limiting reactant if we started with 6 moles of 0,, and 2 moles of CH,?

CH, + 20,2 CO, + 2H,0
I

Given: 2 moles 6 moles

Divide by the coefficient: 1 mole 2 mole
Compare 2 £ 3

Limiting Excess
reactant  reacfant
CH, 0,
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Plenary “Challenge”

If 200.0 g of sulfur reacts with 100.0 q of chlorine, what is the
limiting reactant? :

Sl +4Cl(g) > 45,CL,{l)

Solving stoichiometry problems with limiting r

Module 10 Lesson 2 Module 10 Lesson 3

A+B>AB _
Given Mazs A snd B, Unknown Masz of AL

Given Mass A only. Unknown Mass of AB

2-Find moles of AB
+ Mol Ax (Mol AB/Ml A) = Mol AB 1 Find moles of AB
* Mol Ax (Mol AB/Mol 4] = 1 Hﬂlﬂ:
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Determining the Limiting Reactants

. CAAINE 2
DETERMINING THE LIMITING REACTANT The reaction between solid white Fage 227
phosphonus (Py) and oxygen produces solid tetraphosphorus decexide (P04l
This compound & often called diphospharus pentaxide because its empirical
farmula i Po0s,
a. Determine the mass of POy formed if 25.0 g of Py and 50.0 g of axygen

are combined.

b. How much of the excess reactant remains after the reaction stops?

| Pals) + 504(8) — P4Dials) |

a. Phosphorus
A 74

1. Determine the limiting reactant (LR):

“you need fo find the number of moles fo defermine the LA™ o
L]
_ masg 18 4 2
malerd, = Molar mtass  (4580.074) g mote 0302 motay O
15.064
malez 0, = B o it = LSb moles

maler mass [ZE 0 o el

Determining the Limiting Reactants

 DETERMINING THE LIMITING REACTANT Tha reaction between solld white
phospho s (F,) and axygen produces solid tetraphosphorus decexide P40

Thes compound B often called diphodphoeus pentoakie becauss its empiical
formula is Py

a, Determine the mass of POy formed d 250 g of P, and 50.0 g of cxygen
are combined
| B How much of the excess reactant remains after the reaction stops?

Pals) + 505(g) = Ps0sol8)]

Eiven: 0202  1.56 moles
m?l 85

! -+
Divide by the coefficient: {1 mole 5§ mole

Compare 0.202 < 0.312

Limiting ~ Excess
reaciant  reactant
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Determining the Limiting Reactants

DETERMINING THE LIMITING REACTANT The reaction between solid white
phospharnus (Py) and oxygen produces solid tetraphosphorus decoxide [P0y
This compound & often called diphospherus pentoxide because its empirical

formuls ks Po0s,
a, Determine the mass of P40y, formed if 25.0 g of Py and 50.0 g of cxygen
ate combined. T
b. How much of the excess reactant remains after the reaction stops?
| Pals) + 505(g) = PiOyls) | P
a. Fhosphoris

30574

1. Determine the limiting reactant (LR):

“you need to find the number of moles fo defermine the LR™

ffldss _ L)
makar wass e EnAtap g ate

malss P, = = 0,202 moler

fiidaa =y LR
maalEr made [Zx1h) g miwle

males O, = = 1.56 males

Determining the Limiting Reactants

DETERMINING THE LIMITING REACTANT The ieacton betwesn sobd white
phioaphoiua (Py) and anygen produces solid telraphosphorus decoxide (P 0 gl
This compound & often called diphosphoius pemoxide because its empirical
iriremails i P4
a. Determing the mass of POy, formed i 25.0 g of Py and 500 g of oxygen

ire ol
b, How much of the sxcess reactant remains after the reaction sops?

Pals) + 50(g) — P40yols)

NIl
2. Find the moles of the product then convert the moles to mass ﬁl},’ﬂr:jn' ':.|
imiles. of kniwn & "‘T o Unaowl o ks of anknown . U
ke o Lnamany

0.202 molee P, X =———=uld = 0,202 molesP, 0, ,

| minde g

Diygen
‘Caonvert moles fo mass™ L]
massP, 0y, = moles X moler mazs = 0,202 moles X 283.%0 ﬁ: =373 O

End of part a
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Determining the Limiting Reactants

i DETERMIMNING THE LIMITING REACTANT The reacton between solid white E
nhasphans [P,) and coygen produces solid teaphasphadus decaxlde [P0l I

This compound B ofton caled diphosphorus pentoxide becauss By empitical
formiuila B P50

& Determing the mass of PO formed i 35.0 g of Py and 50.0 g 'of oxygen
e combined
b, How much of the excess reattant remaing after the reaction stops?

| Pals) + 505(g) — PyOyols) |

b.
1. Find the moles of excess reactant using the LR then convert moles
to mass
miskes of krown % ‘:::irmp;::::h = mokes of unknown
0202 moles P, ¥ ——"" = 1,01 mal 0,
1 faole
Convent moles fo mass’

mass 0, = moles X molar mase = 1.0L mole x 32 —L_-323 i

HULEs

2. Calculate the amount of excess cxygen

50,00, avallable — 32.3 g 0, consumed = 17.7 § 0y in excess

Tha maction betweon sold sodium and ol oode s s ()il gl sl g it 0 Jo'lh w5y

I o in o sevkes of penolions hat inflales an T
e ol A 8 A S
isdcemictille airbiog: W 00,0 g of Na ind J00.0 g
e AR, e 2000 4 Nil s 2000 0 Uil 1
of Fe O aie e in this reaclon, What (s the a
T ot il oD e
imans of sobd iron produced?

Mﬁﬂ ' Fﬂjﬂgm B ElMl]j'u‘-“ *:FHI“

Na = 21.00 g/mol ‘-Fa = 56.00 g/mol ‘ Fe,0, = 160 g/mel
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Thiar roaction betwoon sobd sodiim and Fonlll) oite  dis - (11 dpind) ol ot it s D w2y
% o i 8 series of reaclions thad infdles. an
iacamotibe aarbag: 1 200.0 g of Na und 200.0 4

e B ol oS A 8 0 el e

a0y e 200 9 5 N e 20000 Lesicad 14
i Fe D, aie wasd in this reachion, Wisat is ihe -
o e it Al e B
mans o kol Iron produced?
6Ny + Fe:Oy — o 3N +2Fiy

Na = 23.00 g/mel |Fe = 56.00 g/mol | Fe,0, = 160 g/mol

The maction tetwoon oold sodum and bonflil] oot G e (11 ind dpll) wdmad oyl Ju o'kl o iy
i s W e O enc e Ml mRilos 6

e ol e A i el e

lia b ROy 2 200 0 4 NA e 20000 g Lk 1

putcemobile afag: 0 00,0 g of KHa and 200000
of Fe O, are wsed in this réaction, Wl s ihe 1
T ] i ALE e
ks of 208 iron peoduced?
GNayy + Fo0yy —» SN0y +2Fay

Na - 23.00 g/mel | Fe - 56.00 g/mol | Fe,0, = 160 g/mol
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24, CHALLENGE Photosynthesis reactions in green plants use carbon dioxide and water
to produce glucose (C,H_0,) and oxygen. A plant has 88.0 g of carbon dioxide and
64.0 g of water available for photosynthesis. Be sure to report the comect level of accuracy

based on measurements given in the question, 6C0, + 6H,0 = C;H,,0; + 60,
a, Write the balanced chemical eguation for the reaction,

b. Determine the limiting reactant and the excess reactant.

¢. Determine the mass in excess.

d. Determine the mass of glucose produced.

24. CHALLENGE Photosynthasis reactions in green plants use carbon dioxide and water
to produce glucose (C,H,0,) and oxygen. A plant has 88.0 g of carbon dioxide and
64.0 g of water avallable for photosynthesis, Be sure to report the corect level of accuracy

based on measurements given in the question. 60, + 6H,0 3 C:H,,0, + 60,
a. Wite the balanced chemical equation for the reaction,

b. Determine the limiting reactant and the excess reactant.
¢. Daterming the mass in excess.
d. Determine the mass of glucose produced.
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24. Challenge Photosynthesis reactions in green plants
use carbon dioxide and water to produce glucose
(CsH1204) and oxveen. A plant has 88.0 g of carbon
dioxide and 64.0 g of water available for

photosynthesis.

a. Write the balanced chemical equation for the

reaction.

6COu(g) + 6HLO() —» CsHuOslag) + 60;:(g)

h. [htonmene the fumiting reactant
Make mavs ¢ make conversion
1ol CD
REA LAY » Iq'.iii_i TR R

il 1,0

“iaz ik
Make mole raths comparissi.

20 mal LC), )i am-d{ €,
L2 mad W0} unl H,ﬂ

A6 compared 1o 100

1 se actmal ratis is boss than ihe needeodd ratio
v arhen dioyile b e liting reactans,

b0 = 155 masl 1,03

., Drelenmine the eacew eaciant
Water is the exorss reaciani,

il Ihdlermos 1he miaas m oiven

Viake mole —» male comversion,

200 mpb€TH, » :""!“-':-mmmu

Viake miale <& mavs Coms erbon,
lﬂljﬂ'ﬁ ol Il'l.flh'll ﬂ
o 36,0 ¢ 10 mecdied

el 00 DHO lvem - M0 00 g THAO0 el
o 2RO g WD b enovss
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. Llctormmane the muass ol pluocose produced

STk mpnanle —» mrponlles conmav Crsicrnn.

p— r_ - T wvnenl 7 _HH O
. -E_E;pﬂ—{'ﬁ:

e L3233 panosl] € aBla 00

Mlanbins ppnasle — prEsEas CEEIRY SO0 EN.

IR Z2THere ™ FLI__CH
|, L — Lk, eV E - ¥
] -.I [ ] -'-I

— A 'E .:'-.t! |_:|‘:..|. i

11 | CHM.5.3.01.013.13 Define the parcent yeld of a chamical reacton

12 JCHM.5.3.00.013.11 Distinguish bebtween theoretical yield and actual yield in stoichiometric calculations

13 | CHM.5.3.01.013. 14 Calculate percent yiedd and heonetical in a chemical reacton

Reactions do not go to completion or vield as expected for many reasons. Reactants and
products might adhere to the surfaces of their containers or evaporate. In some cases,
products other than the intended ones might be formed by competing reactions, thus
reducing the vield of the desired product. Or, as shown in Figure 8, some amount of a
solid product can be left behind on filter paper or lost in the purification process.
Because of this, chemists need to know how to gauge the vield of a reaction.

m. B Lbeer chrcETLEhe i beareed s Beee Polanmiaam ¢ heomnghs i e Bo Sitrer redraehn,. Mole Thal mod alil of
thd SreOpelEnE CAN D rErmoyed Irom TR PEIRT P Sisl maoae of the perer e i oLl Be R e i By e o
the sies of T DT

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED

FOR TRAINING




School Branch 1
School Cluster 2.4

Jo¥! oyl gl

i -
........
IIIIIIIIII

ed Ed. Complex - s el el ol
mh '(".)1 283 bl 13,059 gl 8- guadal ol e
R MINISTRY OF EDUCATION il g aptl g Jo¥l adlall

Theoretical and actual yields

In many of the cakiulations vou have performed, you have cakulated the amount of
product given an amount of reactant. This value i the theoretical yield of the reaction,

and represents the maximum amount of product that can be produced from 2 grven
amount of reactant

A chemical reaction rarely produces the theoretical yield. A chemist determines the
actual yield of a reaction through an experiment in which the mass of the product is

measured. The actual yield is the amount produced when the experiment is performed
Percent yield

Percent yield of product is the ratio of the actual vield to the theoretical vield expressed
as 2 percent. Chemists use this to measure the efficiency of the reaction.

The actual vield dnvided by the theoretical vield multiplied by 100 is the percent vield

29. Zinc reacts with iodine in a synthesis reaction: Zn + 1, — Znl..
a. Determine the theoretical yield if 1.912 mol of zinc is used.

b. Determine the percent yield if 515.6 g of product is recovered.
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29. Zinc reacts with iodine in a synthesis reaction: Zn + I, — Znl,,
a. Determine the theoretical yield if 1.912 mol of zinc is used.
b. Determine the percent yield if 515.6 g of product is recovered.
Zinc reacts wilh loding in a synthesis reaction 0 Ual e (s (B8 o) g e ey
a5 The lollowing equation: If 3,50 maol of Znc td 2o s 20 Cpea i) e 3.50 mol Jaid 313
is used. Whal & heorelical yiedd?

Ly + by —— Znlyy

Mokar Mass of Znl, = 319 gjmol Znl= 319 gimol i), a0

Sobd caicum hydroxide decomposes by feal i ol w28 J el Al sl K5 S
soiif calcium oxdde and waler vapor as in e oquation 0 §9.2 9 planl 2 1)L el LS iy 5

betow, If §9.2 g of Ca(OH), is used at the beginning +Ca0 ;0 d0.32 g sy Sl 4y A CalOH),
ol e reaction and 40.32 g of Cad & produced. whal Lyl gl 1 L
i the percent yeld?

Ca(OH), (s} = Ca0(s) = B,0(g)

ok Mass ol .f',.u{ﬂH,: 4.0 g mmy: T4 el _5 3 Jpal SEET

KMok Mass of Cad — 56.0 g/mal Ty = S50 Aol 1 el aory
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Schd cacm IHoRE Gocumposes by EALN0. i 1) 58 )5l o gl syt 8
sl ki o and valr vapor a5 e oqpalon 4 $9.2 a0 el LS g

bedow. I §9.2 g of Ca{OH), is used al e beginnng Co0 Jud0.32 g oy Sl 4y 3 CalOH,
of b reaction and 40.32 g of CaQ & produced. whal gl L B U
B e percent yekd?

Ca{O, {5 Ca0() - B0

Mulst Memes ol Ca(OH); — 74.0 garmd Can{lrts — 740 gima 5 300 sE50

MoGr Mags of Cad — 560 gmal Cals = 55,0 gamal 1 il 2800

30. CHALLENGE When copper wire is placed into a silver nitrate solution (AgNO,), silver crystals
and copper(ll nitrate (Cu(NO,), ) solution form,

a, Write the balanced chemical equation for the reaction.

b. Ifa 20.0-g sample of copper is used, determine the theoretical yield
of silver.

¢. If60.0 g of silver is recovered from the reaction, determine the percent yield of the reaction.
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30. CHALLENGE When copper wire is placed into a silver nitrate solution (AgNOQ,), silver crystals
and copper(ll) nitrate (Cu(NO,), ) solution form.

a. Write the balanced chemical equation for the reaction,

b. If a 20.0-g sample of copper is used, determine the theoretical yield
of silver.

¢. If60.0 g of silver is recovered from the reaction, determine the percent yield of the reaction.

14 |CHALS.2.0].001.02 List the five assumptions of the Kinetc Molecular Theory

CHALS.2.01.003.05 Use the mathematcal formuia of Graham's Law of efusion fo caioulale the reiatve rates of effuson of diferent gases
15
and Theit molar massed

16 [CHM.S.2.01.004.01 Wently the most commonty used unds for pressure whils converting among unid of pressure

CHAL3. 20100407 Usa o materabical ormula of Dafion's w of partial prisssures 1o calculate parfial prossures and iofal prissure of a
anﬂnlguei

17
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The Kinetic-Molecular Theory

Assumption = 4=
YT sadl ML Al iy ﬁ.’dl Callision =adual
e S - Elastic =
5 assumptions of the theory  consist=u
Particle Size (Sbaall 233)
+ (3ases consist of small particles separated from one ST B
another by empty space. T
" i i L] a
s E‘_ecause gas par!:rcles are far_apart, they expenence no i ;
significant attractive or repulsive forces. 1
Particle Motion (clawalliga)
+ (as particles are in constant, random maotion.
+ Collisions between gas particles are elastic. . e
« An elastic collision is one in which no kinetic energy Is '
lost. ’ “
Quiz

Which of the following is an assumption of the
kinetic-molecular theory?

1- Gases consist of big particles separated from each
ather by empty space.

@Gas particles are in constant, random maotion.

3- There are significant attractive forces between
particles in gases,

4- The Kinetic Energy doesn’t depend on the
mass and velocity.
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® Figure 12.2 Kinetc enesgy can be
Iraresferred botwean gas paftides during
an elastlc coliion,

Explain the Influence that gas partices
have on dach other, bath in rerms of
collisions and what happens fo particles
between colllsions

Between collisions, the

particles move in straight
lines

Explaining the Behavior of Gases

Gases have low density. The density of solid gold (Au)

The density of Chlorine gas 5 19.3 g/m
(Cl,) is 2.95 x10° g/mi

The density of Gold is around 6000 times bigger.

Why? Density = Mass/Volume
I" e & I'_‘,iil |
o 0 ek
iilr "' ‘1
As the kinetic-molecular theory states, a f exists

between gas particles, Thus, there are fewer chlorine molecules than

gold atoms in the same volume.
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Continue: Explaining the Behavior of Gi

Compression and Expansion (2l y elasiyl)
* |n a closed container, compression and expansion change the
volume occupied by a constant mass of particles.

Relate the change in volume to the density of the gas
particles in each cylinder,

Explaining the Behavior of Gases

Diffusion and Effusion
« (ases easily flow past each other
because there are no significant forces of

attraction.
« Diffusion is the movement of one o I P
matenal through another. ._‘._-‘. v e

+ Effusion is a gas escaping through a tiny ‘ o
opening. 3,
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Explaining the Behavior of Gases

mﬁmhm i
+ Graham'’s law of effusion states that the
& rate of effusion for a gas Is Inversely
proportional to the square root of its molar
Mmass.

Rate of effusion «

Jmolar mass

+ (Graham'’s law also applies to diffusion.

Rate, [molar mass, A andB refer to Gas (A)
Rate, \molar mass, tnq Goa sy

Page 244: Example 1
GRAHAM'S LAW
m SOLVE FOR THE UNKNOWN
Liga with Examiaie Aroonm L, o State the rafio denved from Graham’s law.
Problam
Ammonia has & molar mass of 17.0 Rate,y, . J malar massHC|
g/mol; hydrogen chloride has a maolar RHEHE-‘ malar m“’“”:
mass of 36,5 g/mol. What is the ratio of * Substitute molar mass,., = 36.5 g/mol and
their diffusion rates? maolar massy.; = 17.0 g/mal.

36.5 g/mal _
(T ogmo = 47

KNOWN UNKNOWN The ratio of diffusion rates is 1.47.
molar mass,,, = 36.5 g/mol ratio of diffusion '

rates = ?

malar mass,, = 17.0 g/mol
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1. Calculate the ratlo of effusion rates for nitrogen (Ny) and neon (Na), N=14 m|
2. Calculate the ratlo of diffusion rates for carbon monox|de and carbon dioxida, Ne =20.2 ﬂJrMﬂ'l
3. Challenge What is the rate of effusion for a gas that has a molar mass twice that of C=12 ﬁ"l'I‘IO|
a gas that effuses at a rate of 3,6 mol/min? 0 =16 gimol
1. Calculate the ratlo of effuslon rates for nitragen (No) and neon (Ne), N=14 ﬂs"ﬂ'lﬂi
2, Calculate the ratio of diffusion rtes for carbon monoxide and carbon dioxida, Ne =20.2 ﬂ.l'ﬂ'llll
3. Challenge What is the rate of effusion for a gas that has a molar mass twice that of c=12 ﬂfl'l'lﬂl
a gas that effuses at a rale of 3,6 mol/min? 0 =16 g/mol
1. Cdcufate the eatio of effiston rates Tor itrogen (N 2. Calcuilate the ratio H‘-El-ifﬂ'l_f:.il:ln rales for carbon
,,n,;L,,m, (e, Sk menoxide and carbon dioxide,
Raie, [Rate,, - 08488 1.15)
“FJ'.'“J |l|nI:|r J'ﬂ 18 HI'.'I."_.U ) molar mlﬁmi _ flrl.'l.'ll 1283
Rate,, rllllr m'u.,; Wl > I dlila

Rate,, \ molar mass,  yI8.01

3. Challenge What 15 the rate of effusion [or i gas that

hias & molar mass twice that of a gas that effuses a1 a
rale of 3.6 mol/min?

2.5 mol'min

H: I:' f[
Timetuls” V7
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Table 1 Comparison of Pressure Units

Number Eqiivalent Number Equevalent

to 1atm to 1kPa
Kitopascal (k| ' W1 2 kPa -
M mosphers (atm) - 0.0098865% atm
Millimetars of
o | 160 mmhg 1501 mmHy
| ity {AmHal
= | o 160 lorr 1501 o
: |
Paunds per square
; A 16 ps
. inch (sl oo IR 1A i 1A% pu
Bar 1.0 bas 0.0 b

1 atm = 760 mmHg = 760 torr = 101.3 KPa = 14.7 psi =
1.01 bar

1 atm = 760 mmHg = 760 torr = 101.3 KPa =
14.7 psi = 1.01 bar

1. E;'-WEI'IZI a}mtu mmHg

T H
2 abin e 1520 mmHg
1 atm

2. Convert 101,325 kPa to atm

1 atm
1001.325 kPa « =1
J2 K X e 305 kpa | M

3. Convert 500 mmHg to kPa

1 atm 101.325 kPa

0 e iim JOLSSOKER. s
il 760 mmHg i 1 atm 66.7 kPa
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Gas Pressure

Partial pressure can be used to calculate the
amount of gas produced in a chemical
reaction.

Piota = Pyt Pyt Pyt

& '. %g 4% g

(D
® + @ g - u»« “’
¢ ¢ @ .o PN
e O ) en 6%
1 mal He Tmal N; 1 mol He + 1 mal N
Py Py Prota

Dalton’s Law

Dalton’s Law of Partial Pressures

Pioan TEpresents total pressuro, Py,

Poa =Py + Py +Py+...Pn P andPyreprosent the partia
pressures of each gas up to the
final gas, Pn.

To calculate the total pressure of a mixture of gases, add the partial pressures of each of the gases
in the mixiure.
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PAUNN

TRTE L,

Dalton’s Law: Application

THE PARTIAL PRESSURE OF A GAS A mixiure of axygen (0], carbon dioxide
(E04). and nitrogen (M) has a total pressiira of Q.57 atm, What ks the partial prassure

of Oy il the partial pressure of CO, Is 0,70 aim and the partial pressure

Gl N; 15 012 atm?
Known Unknewn
Po=0124 By =7dtm
Prg, = 0.70 atm
'Flml = 097 atm
E] SOLVE FOR THE UNKNOWN
Pistd = Py, # Pes, + Py, State Dodton's |ow of partial provusres.
Po, = P = Peg, = Py, Bobvn foe Py,
Py, m 007 alm = O.70 atm = 012 0m  Sabattube By e 0,13 atm, Py, o 0.70 stm, wd Py = 0.07 sim
Py, = 0.15 alm
Practice Problems (Page 248) I

. What Is the partial pressure of hydrogen gas in a mixlure of hydrogen and helium if the b

total prassure is GO0 mmHg and the: partial pressure of helium is 438 mmHg?

, 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.
B. Find the partial pressure of carbon dicicke in a gas mixture with a total pressure of 30,4 KPa i the partial pressures of the

ottt twa gates in the modue are 16.5 kPaand 3.7 kPa.

1. CHALLENGE Al i & mixture of gases. By percontage, It is roughly T8 percent nittogen, 21 parcent axygen, and 1 percent
wrgan, (Therd aré race amounts of many ofher gases in aic) If he atmosphanc predsure i 60 mmHg what aé the partial

pressures of nitrogen, cygen, and argan in 1he stmosphare?
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A What i the partial pressure of hydogen gas la g &, Fiad the narthl af earbevt el
. peeastie of carbon diotde i 2 g
tmisture of bycroen and belan i the fotal pressie miuture with o dotal peesstise of 30.4 kP if the partia
BN mmitE nnd the partial pressuce of helni 15 prensnres of the olber two gases m the mexiure are
439 imallg? 165 Ko and 1.7 kP
161 miHg S04 KFa - 165K - 37k < 102 ks
£ w439 mmHyg = 161 mmHg 7. Challenge Ai is & muvture of gased. By percentage,
il i roughly 78 percent nitrogen 2| pefcenl axy
§. Find the voal peessue for & munmuee it contalns o i | ﬁm" “ﬁﬂm (Théte i7e mmmﬁfm
vses with partil pressures of 3,00 kPa, 4.56 Ky, maay o gases e ) 1 he aospben pressuce
302 kP, and |30 &Py, 18 760 g, what ace the pastsal pressares of
.00 KPS 1 456 kP 4 302 KPa 4120 ks - RTopen. ORYpe0. Mo i o Amosphee?
1578 kP ol mmllg o 078 2N o 990 minllg;

Told mimidlg « 831 - Oy - 160 mindlg
%60 mmillg « 01 - Ar - 8 miblg

18 GRS L0000 1) Usé prossire-walumi gragh 1o delarmind the volume whin ihe phessuns 1§ gven and v veid

16 [CHM.S 200,00, 15 Usa fha mathomatcal formita of Charkes's law o caloulale voluma -ismparature changes al constan| prossure

CHALS, 200, 00, 19 Use tha mathaematical lorrila of Gay-Lusaac's liw 1o Galculate prassure-tempatibite changi al constant voluma
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Boyle's Law

Prastwin-Yolhame Changes

Woa 10 1% R0 3% X0 18 44
P it AL

= 0 Wi L 1 LE = i EF L
< iian = ongipT = iR
Boyle's Law
PI ""'I = P;"a"ri F represents pressure. V represents wolume.
Far vt il of gas fald al faritant limpadaburs, tha prockict of s @i
Both the amount of BppiKs
gas and its
TII““HW"‘ must Py anel Vi represent the Inithal conditions, arkl Py and V; represent
be constant. new conditlons. If you know any thiee of these values, you can solve
for the fourth by rearmanging the equiatlon
Page 279
BOYLE'S LAW
IN-CLASS EXAMPLE
Lise with Exompie Problem 1.
Problem SOLVE FOR THE UNKNOWN

A diver blows a 0.75-L air bubble 10 m under
water, As it rises to the surface, the pressure
goes from 2.25 atm to 1.03 atm. What will be
the volume of air in the bubble at the
surface?

KNOWN UMKNOWN
V,=0751L V,=7L
P, =2.25atm

P,=1.03 atm

Use Boyle's law. Solve for V, , and calculate the
new volume.

+ State Boyle's law.
F1 L'r1 =8 FI"FE
« Solve for V..

(3

» Substiute V, =075 L, P, = 2.25 atm, and P;
= 1.03 aim,
V.=073L THi ol
« Multiply and divide numbers and units

V,=0.75 L(ﬁﬁﬁ) 6L

225 ilm)
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PRACTICE Problems X ADDITIONAL PRACTICE

Assume that the temperature and the amount of gas are constant In the following problems.

{; Tha volume of a gas ot 99.0 kPa 15 300.0 mL. I the prisssure i incroased o 188 kPa, what wil be
thé new volume?

2. The pressure of o sample of hellum in 3 100- cantainer 5 0,988 alm. What s the naww pressuref
the shmple i placed in & 200-L container?

3. CHALLENGE Air trapped In o cylindr fited with 8 pistan occupies 145.7 mL at 108 atm pressure.
What I the new valume when the piston Is depressed, Increasing the pressure by 25%?

3, Challenge A trapped ina cylinder fted with
piston occupies 145.7 mL at 108 fm pressure. What

s fhe e volume when fhe pison 1 depressed
weredsing e présie by 5%
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Avviitme that the deanperatine and the smauni of gay
are comatant i ihe follaving problems
1, Thee woluns of & pas ot %90 kP i 3000 mL. 1f the
kst 14 inireisad o 100 KPL what will be the nw

Yot
158 L
o
e R _ (00 mLH_H:'I} kPa) 1%l
E 155 kP

3, The preseure of o waiple of hielua i i
| €x0-L. container v O RHE atm. What i the new
preskie of thee waaple o placed i & 2 00,1 contasee?

494 nim
pp {100 K N 095 ann
ﬂ-J‘,—'-I: dl }-u.mq:m
I LK

A, Challenge A trapped i o cylader fised with a
puston ocewpies 145, 7 mll af 1 08 atm prevvare. What
15 the pew volume when the pivion s depressad
mcreang the predaare by 2387
117 ml
£ m 08 b & LOK ol e 0,25) « L3S ptm

g (8 0,08 g
STy I

| = 117 ml

There is an inverse relationship between
Pressure and Volume when the

temperature is constant.

If the pressure is constant, what will be the

relationship between temperature and
volume?
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Charles’s Law

How Temperature and Volume are Related

 As temperature increases, so does the
volume of a gas sample when the amount
of gas and pressure remain constant.

Volume v. Celsius Temperature

BOO[ - ¢ -
IMM Eﬁm L]
400
— GO0 mi "
2 300 ooy T\_ ...........
0| )
. ,:_:,_"*
300 K =300-250-200-150 =400 =60 @ 80
Temperature ('C)

Charles’s Law

Graphing Temperature and Volume

M Jﬂt tempEfﬁthE ﬂf ﬂ I{ EDFI"ES[}DHEIS tﬂ [} Mote: the Temperature

is in Kelvin "K" not

mL. Doubling temperature doubles ﬂrelaﬁrzs?‘f .
j = = o
volume. '
« Absolute zero is zero on the Kelvin
scale. Volume v, Kelvin Temperature
RO |- - -
| | ,I'-'!_“.‘i':f.:ﬁmﬂ?l |
iﬁﬂ'ﬂ - { - | .
T .
E.'-r:-:J et '

LT | [osoctom) | ||
“r’ | -
ﬂ 1| 4 1] 4 4 . ! : ! ! 4 ! 4 £ |
0 50 100 150 200 750 300 30
Temperature (K)
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Using Charles's law

Using Charles’s law Charles's law states that the volume of a
given amount of gas is directly proportional to its Kelvin temperature
at constant pressure, Charles's law can be expressed as follows.

BT ap—

Charles’s Law Both the amount of
V| — V2 ¥ roprosonts volume. gas and its pressure
ﬁ - T_z T represents lemparature, must be constant.

For a given amount of gas at conslant pressure, the quotient of the volume and Kelvin
temperature (s a constant,

Note: the Temperature Is In
Kelvin “K" not Celsius "C

Ix=213+ T,
Page 282
CHARLES'S LAW
Use with Example Problem 2.
Problem SOLVE FOR THE UNKNOWN
A helium balloon in a closed car ofcupies a Convert degrees Celsius to kelvins,

volume of 2.32 L at 40.0°C. If the car is parked

A * Apply the conversion factor,
on a hot day and the temperature inside rises to

=273+
75.0°C, what is the new velume of the balloon, TH 273 Te
assuming the pressure remains constant? * Substitute T, = 40.0°C.

T,=273+40,0°C=3130K
* Substitute T, = 75.0°C,
T,=273+75.0°C= 34B.0K

KNOWN UNKNOWRN

T,=400°C V=7l

V,=232L

T,=75.0C
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CHARLES'S LAW "
K 90 femply Prouem
INCLASS EXAMPLE

SOLVE FOR THE UNKNOWN {continued)

Use Charles's law. Solve for V;, and substitute the known values into the rearranged
equation.

« State Charles's law.

rep

* Solve for 'ufg

T
'Il'rzz V‘ﬁ

» Substitute V,=232L, T,=313.0K, and T,=3480K.

V= EEEL@%-E]-E

» Multiply and divide numbers and units.

V=231 (3y3yx) =251

FRACTICE Problema t ADDITIONAL FRACTICE
Assuma that the pressure and the amount of gas remain constant in the
following problems.
4, What voluma will th gas in the balioon at right eccupy ot 250 K7
B. Agas ot BC occupirs a volume of 067 L. At what Celuius temperature
will the vospme increase to 112 L?

& The Celsius temperature of & 300-L sample of gas is lowenod from
BOOC to 30.0°C. What wil b the resulling voluma of this gas?

1. CHALLENGE A gns ocoupses 067 L ol 350 K What lempersture i retgusod
10 fechisce e volume by 45%! L
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7, Challenge A gas occupies 0.67L at 350 K. Wha
letuperatire 15 required 1o reduce the volime by 48%?

Nosina Tl fhe i ai o it o i1 i
i g T Ll g 1 b

b What vobusi wall By poi i s blbag s
wigy il R

i
7, Challenge A gssceenpias 671 350K What
teperature 1 sequured fo reduce the volume by 45¢%!
i 190 K
i [1."]'[1.'“"] .
T s Fym067L = (0.67L x 045) = 0371

Ui O i e B L A) A
b tmagrrona e il e vhama? 1R i
LA2Le
L
fin B M I K

rlﬂr,-hr;l-rnﬁ l.'r:lmu

J i |
i« 1P T

b Tl o it ol L0, il ol i
L L GY R T e
g 1ol o s g’

LT

fa B i el

fjeMi sk

|I,.JITI.[.J'.!EH..I'-]I.|1
WK
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Gay-Lussac's Law

How Temperature and Pressure of a Gas are Related

+ Gay-Lussac’s law states that the pressure of a fixed
amount of gas varies directly with the Kelvin temperature
when the volume remains constant.

Note: The volume must be fixed “Not
Gay-Lussac’s Law changing’

Fl = FI_ P represants pressure.
']"1 Tz I represents temporature.

For a given amount of gas held at constant valume, the quatient of the pressure and the
Kelvin temperature s a constant.

Gay-Lussac's Law

When the volume IS fixed, the pressure and temperature of

gas will have a direct relationship.
$: 2k
Prassure v. Kelvin Temperature
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GAY-LUSSAC'S LAW
IN-CLASS EXAMPLE
KNOWN UNKNOWN
Lise with Example Probiem 3. Pi =35.00 atm PE =7 atm
Problem T,=25.0°C
The pressure of the oxygen gas inside a i o
canister is 5.00 atm at 25.0°C. The Tl =-100°C
canister is located at @ camp high on
Mount Everest. If the tempElaturE SDLFE F':IR THE UMHHHW
there falls to -10.0°C, what is the new - .
Sireasire sk the canister? Convert degrees Celsius 1o kKelvins.
* Apply the conversion factor.
T, =213+ T,

' Substitute T, = 25.0°C.
T,=2713+25.0°C=298.0K

* Substitute T,=-10.0°C.
T,=273 +(-10.0°C) = 263.0K

GAY-LUSSAC'S LAW

Livet ) D Srofsem A

SOLVE FOR THE UNKENQWHN {continued)

Use Gay-Lussac's law. Solve for Py, and substitute the known
values into the rearranged equation.
« State Gay-Lussac's law,

P'I el P!

T T

P=P(F)

* Substitute P, =5.00 atm, T, = 298.0K, and T; = 2630 K

py =50 am (230

* Multiply and divide numbers and units.

P, = 5.00 atm @ggﬁ] - 4,41 atm

¢ Solve far P,
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PRACTICE Problems R ACDITIONAL PRACTICE

Assume that the volume and the amaunt ol gas ane constant in the following problems.

B, The prossure in an aulomobiles e 15 LIS atm af 25.0°C. Whal wil be the presaure A the
tompérature incivased to 370°C1

0. Hafbum gas in o200, cylinder i under 112 ahm prossure, At 36,5 hat sama gos sample
Fld & pregsured of 2 56 alm. What was the indlal lomperature In degrees Coliiu of 1he gas in
tho cyncor?

10. CHALLENGE If 5 gos sample had  prassure of 30.7 kPa at 0.00°C, by hew many dogioes
Colslus doi thi lamperatuie Kavi 1 increabe o Cause tho préssurs 1o doyble?

10, Challenge Ifa gas sample lias a pressure of 307
kP at 0.00°C, by how many degrees Celsius does the

(emperature liave to icrease (o cause the pressure fo
donble?
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N, The peesslue i as outeenobibe the i 1B ab al

25.0°C. What will be fe pressiire of tie leniiperiitie

g fo 37.0°CT

1.4 wim

Ti=30°0C+17=103K

AELASELEEILL 10, Challenge 1fa gas samiple bis a pressune of 107

(188 atm){ 310 4 kP at 0.00°C, by bow many degress Celsins does the
P EI'- L%
1 I - 0 K e o etmpsratiure Bave 10 merease 1o cate the pressire o
' doribile?

&, Helimn i 1l & 2 (T 'L":!'|Il.lli:"l & mnder 112 s H!g"

preisime. Al 36.5°C that vanie o Lmu.'u!lr;Juh i

pressige of 2. 36 atm, What was the initial temperatire L= 000 + 213w 213K

i dherie Colsim of the @i i e <]mder Py (30.7 KPa)2) = 614 kPa

A '

Fy= 3640C s 278 308K =ik _(m h]{hl_lld"‘i) 8K

g (302K)(112 ) = { AT
T R 46K - 119 = 178C
L35 = 37V = o1 0EC The temperature must Increase by 173°C,

31 [CHME 20000313 List conciiens of 3 gas ol 3TP and RTP

33 (CHMEZ00 00 28 Uei W idial iy hirw B colcudat prassin, vollama, lemparaiune, masa of o gas, whan theig quantibes ar giin

21 |CHALA. 200 003, | 5 Podict the conditions undet which & roal gas might deviale from ideal behavior whils eplaining & eflect

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED

FOR TRAINING



DN

||”! B iy

School Branch 1 o yutadl § il

School Cluster 2.4 DY 4.2 awyid] Gl
Zayed Ed. Complex - bt d il tanll ol

. ey ity gl 34l el ) e

Al Khawaneej C1,C2 & 3 MINISTRY OF EDUCATION A g aslidl g Jo¥laalell

How Is this represented in the formof | — 4 IH“FEHWH Iﬂﬂ

an equation? noon Fmsmmm be

Avogadro’s Principle

Avogadio'sprincpl:

It states that equal volumes of gases at the

same _temperature _and _pressure contain
equal numbers of particles or equal number

of moles, y

1) A Container that has a volume of 10 Liters
contains 5 moles of H, .Another container

at the same temperature and pressure and
of a volume of 10 Liters contains N,
(Mitrogen), How many molcs of MNitrogen
are in the second container?

5 moles
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The Molar Volume of gases

The molar velume of a gas is:

You can use conversion factor to

the volume a 1 mol of a gas occupies convert between Moles -
(Fills) at 0.00°C temperature and 1.00 Volume of a gas
atm pressure. To Find Moles

To Find Volume

The conditions of the temperature equaling i e i
0.00°C and the pressure being 1.00 atm are ot iyl vl
known as standard temperature and pressure

™). gl | [
Avopadro [The scientist g8 madl] showed m _
experimentally that 1 mol of any gas occupies a velume

of 22.4 L at 5TP.

Bacause the volume of 1 mol of a gas at STP is 224 L,

YO can use 22.4 Ump]' as a conwversion factor
whenever a gas is at 5TP.
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PRACTICE Problems X ADDITIONAL PRACTICE

20. What size container do you need to hold 0.0459 mol of N, gas at STR?

21, How much carbon dioxide gs, In grams, s in  1.0:L balloon at STP?

24, Calculate the volume that 4.5 kg of ethylene gas (C.H,) will accupy at STP.

25. CHALLENGE A flexible plastic comtainer contains 0.860 g of helium gas in a volume of 19.2 L
If 0.206 g of helium s removed at constant pressure and temperature, what will be the new

valume?
_1|T|_m mingh b |I|-|'-'|.||H AR 01 AL, 0% 0 A IFI
Pt i 0 ST17
g
- - - (w048 el
20 Whist eite sonkaaner i yoda oo 1 k] 410459 ol THdY
of B gas ar STRY
(HILRS mﬁﬂﬂ]#“:j-'lul
00440 med H.EI.H jl |,
I gl 22, Whet valusme i ont b leven s vl 4H00R2E @ ol i gas
ey b ST
oy k.
LT j: ia 1? = 000457 il

aid L.
00T el w 0.10F b, ar 102 ml.
1 nﬁ'l

33, Wihat valume will 0416 g of kreplon gas cecupy al
ST
kA1 L
1 mol

iiAl6 = i, TR il
‘E"a.uui'

i el "IHL =041 L

| sl
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15, Challenge A lexible plastic contaimer contamns

0 860 g of el gas m o volome of 192 L. If

0205 g of helim s removed a1 cotstant pressiise and

ienuperaine, whin will be ibe new volume?

6L

RGN ¢ - 0.20= g = 0,655 ¢ He remalning

Set up the problem as a ratio,

ool
0635g 08608
Solve for I,
19.2 1)(0.638
V= { } f) = 4.0 L
0.860 ¢
The Ideal Gas Law
+ Pressure + Volume + Temperature » Mumber of males
atm L i mel
_ _ _ L. atm
The ideal gas constant is represented by R and is 0.0821
mol . K

MNote that the units for R are simply the combined units for each of the four
variables.
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The Ideal Gas Constant “R”

R can have different Values depending on pressure unit

i15] EEIEHIUE of R when pressure is in KPa Table 2 Values of R

Value of R Units of R

2) The Value of R when pressure is in 0.0821 Latm
mmHgis... 624....... ' Ll
| 831 Ll
3) The Value of R when pressure is In atm
Is, ﬂ {]521 ....... 1-mm Hg
624 “malk

1%

THE IDEAL GAS LAW Cailculate the number of moles of ammania gas
(NH;} contained In a 3.0 L vessel at 3.00 x 107 K with a pressure of

1.50 atm. _
Pressure is in atm so
R=0.0821
Py = nHT
Py
Known Unknown M=o
V=30L n =7 mol - (1,50 atm)(3.0 L)
T=300x 10K ' Leatim 3
s tﬂ.ﬂﬁ?l "IHIH][am % 107 K)
& Leatm
R=00821 Lo

(1,50 rn)(3.0]

fi = = 0.18 mol
A 2
|:D.£_‘IE=1*1 (3.0 x 100

hi
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The Ideal Gas Law
PV =nRT d YOUR

26, Detoomime the Celsius lempurature o 242 mo) or 8 gas conlained m Tu RN
a 1.00 L vessel at a pressure of 143 kPa. '“H ,

27, Calculate the volume of a 0,323 mol sample of a gas at 265 K and
0,800 atm,

Table 2 Vilues of R

28, What 18 the pregsure, In stmogpheres, of o 0108:mol sample of helium gas at a temperatura of

| A

J0.0°C I s voluma Is 0,505 L7 et i
wo
29, |f tha pressure exertad by A gas at 25°C in a volume of 0,044 L Is | L iy

LI

3,81 atm, how many moles of gos are present?

26, Determine the Celsius temperature of 2.49 mol of a
gas contamed i a 1.00-L vessel at a pressure of

43 kP,
26°C
= LA at
143 JPE 3 — e =141 atm
1.3 kPa
P (KR
o (mmnl){aau’ "T"]
e
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27. Calculate the volume of a 0.323-mol sample of a gas
at 26= K and 0.900 atm.

7.81 L
(0.323 mm'][n.uﬂ:l Lratm o6s K)
b nRi / ool -
r 0,900 atm
781 L

28. What is the pressure, in atmospheres, of a (0. | 08-mol
sample of helivm gas at a temperatare of 2000°C if s
volume s (L5505 L7

S04 st
TF=2000°C+273=293 Kk

(0.108 mol }[n.nﬁu = “: J{z-ﬂ K)

P nRT il
- 0505 L.
= 5.14 atm
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29, 1If the pressure exerted by a gas at 25°C in a volume of

0.044 L is 3.81 atm, how many moles of gas are
present”

6.9 10" mol
pr (380 atm )(0.044 1)

o S5 o)

N=

= 69107 mol

30. CHALLENGE An ideal gas has a volume of 3.0 L. If the number of moles of gas and the
temperature are doubled, while the pressure remains constant, what is the new volume?

30. Challenga An ideal gas has a volumae of 30 L 11 the number of moles
ol gas ond the lemperature are doubled, whili the pressure remains
constant, what is the new volume?
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30, Challenge An ideal gas has o volume of 3.0 L Il the number of moles
of gas and the lemperature are doubled, while the pressure remning
canstant, what is the new volume?

et I e voume(L of @216 mal samgsn T s D16 M0l Wi pptd b s s L) s e
al kelium gas al & temperabhare of 0.0 "G amxd

'Tlﬁl‘h' 01T R o
& presture of 7,16 a7 s b

R =0.0821 L.atm/mol.K

0.750 L .40 L 0.375L 285L
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The “Molar Mass" from
the Ideal Gas Law
M = Molar Mass
Molar mass and the ideal gas law To find the molar mas of
a gas sample, the mass, temperature, pressure. and volume of the gas m = mass
st be known. Recall thar the number of moles of a gas (n) is equal n = moles
to the muass (e divided by the molar mass (M), Therefore, the o in the :
ecuation can be replaced by m/M D '& DE”ElW
Deriving the Molar Mass (M)
Wa knaw that: M =% and PV = nRT
m
Rearrange the first equation: n = T
Replace the n in the ideal gas law
equation by m'M
P iRT  [aibetmtnimel s PVe B ey pp =PRI
M M PV

The “Density” from the Idem'

GGre | ny >
Density and the ideal gas law Recall that the density (09 of 2 sub- lf' .
stance 8 delined g mxs () per unit vohime (V) After roaranging the '-'- iy Y u u R
ideal gas equation to solve for molar mass. vou can substitute D :
—
_ TURN
: mRT s
If you know the following M = T D =F
If you manipulate both equations 5T
above. What would be the correct 1) P = ==
equation for the density "0"? n
P
I
— RP
1= 57
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A4.25 L sk s fled wih bulane gas (C.Hy) e 2 (Ot i 25 L s
al a prossure o | Satm and a lemperaure ol NIRRT .
| | gl 2l B =200 bfa Loy | Salm
<20 °C. Whal is the mass o bulane n e flask?
ok l17ge  g9e  267g 135
R ‘uﬂ s of iane . : . E
082l Lok | S omel
|deal Vs. Real Gases
Particles take up no space ' Particles have volume
Particles —_— 1 T
Mo altvaction of repulison ' There are intermoleculas ineracnon
behavsaui - — - : -
Callnion between particles are elavtie l Collkons are piot elastic
Hligh temeratute L b e akiaie
Lo pressure - nghpf"em e
Londiani WS | !
Hmlp-ulu Palat
smﬂ'ﬁimmﬂm M;in_r'h'lnﬂ LaniFiEml_:h_lnh Molar Mass)
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When real gases deviate most from ideal gas
behavior?
A = At high pressures and low temperatures
B - At low pressures and high temperatures
C - At high pressures and high temperatures
D - At low pressures and low temperatures
Which of the following is & characlenistic of the ideal gas? P et e
Ibs parficles move al variable velocites and on winding A iy s i o g o T 0
(sigeag) inas
% partickes take up space and measured in volum unis (L) (L poad hime e s 1) o fn s 5 )
lts pariicles collide with ench iber o with te wal surfsce il il e ] b W
i partacty alanbe way e L 0
Its particles wxperience mbermolecular atiractive fores FRRITCHPT UPMPOEFCRY
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When does & real gas behave e an eal gas? A 0 L el sy e
M high prowsure anel bow lomyerabuny dstad b iy Jad il 1a

Wby Dl presnakirn s gl i e Qi chaiges
I the i phase

Mt iy b o s gl i

Whan the particles s closs 0 oach ofher, and afiraciive

i e ik kit i Jipy el gt # s o il

Whet the paitcion aie 1of apai, and tho alinclive Kidtd

N T e ey g
il oW

When does a real gas behave like an ideal gas?
a. When the particles are far apart and attractive forces decreases
. When the particles are closer together and attractive forces increases
c. Athigh pressure and low temperature
d. When the gas is liquefied if enough pressure is applied
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Extreme pressure and temperature

When s the ideal gas law not likefy bo work for a real gas” Keal gases deviate most trom
idval gas behavior at high pressures and low temperatures. The nitrogen gas shown in
Figure B (keft) behaves s a real gas. Lowering the temperature of nitrogen gas results in
ks kinetic energy of the gas particles, which means their infermolecular afiractive
telectric) forces are strong enough to affect their behavior. When the lemperature i low
enough, this real gas condenses to form a biquid

The propune gas in the tanks shown in Figure 8 {right) abo behaves a8 a real gas
Increasing the pressure on a gas forces the gas particles closer together until the volume
eccupied by the gas partiches themselves is no longer negligible. Real gases such as

propane will liquety il enough pressure is appled

—yz

Mitgesn g e i o gl -BbT MG
iEmpraory et (ar peni e
VRO, S 5 B0y TRieis N NS PPl

i mielsal oredme

Fgere § Rl Qe 99 moi oo 1 el s w1 o frissises

24 |CHM.5.2.03.002.12 Caicylate percent by mass of a soluton

B 3 X b moee pogadd Can e iired
1 3 g e N T L Ot
ol wpece Youw Limaly s s pnll Lisds, of
B progane 1 Wk Yor your DErece il
31 W s o malAg) and (kg

35 |CHM.5.2.03.000.08 Caiculate molanty when the moles or the mass of solule and voluma of soluban are given and vice versa

26 |CHM.5.2.03.002. 16 Perform calculabon invalving diluing a concentrated solubon

77 | cHaL5.2.00.002.07 Calcutats molality when the moles or the mass of solute and mass of solvent ase given and vice versa
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Dilute:iss

Qualitative

..,-;-L‘"j : : >
: Concentrated: = »=
Expressions of

Concentration

Quantitative
(5 10) g8
C i Table 3 Concentration Ratios
Concentration Description Ratio
T
|
ke of otz
; lterof shution
Molslty ke of sohute
pgram of sobvent
faction ks of st
o mickes of soliste & moles of sobvent

Percent by Mass{Example 1 page 312|

In order to maintain an ocean concentration of sodium chloride, an aquarium
must contain 3.6 g of NaCl per 100g of water. Find the concentration of NaCl in

the solution using the “percent by mass'.

Enown: Unknown:
Mass of snltlte [!lCl] 3 ﬁg Concentration of NaCl “Percent
| | by mass”

Percent by Mass

mass of solute
percent by mass =

mass of solution

Perent by mass equais the mass of the wolute draded by fie mass of e whole soltion,
frultgbed by ¥)0.

Mass of the solution= 3.6g + 100g = 103.6 g
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Practice Problems: Page 313
9. What Is the percent by mass of NaHCO+ in a solution containing 20.0 g of NaHCO,4

dissolved in 600.0 mL of H,0? Density = mass/ Volume

: D = miV
Known: Density of water (H,0) = 1 g/mL
Mass of Solute “NaHCO," =20 ¢
Volume of Solvent “H,0" = 600 mL Mass = Density x Volume
unknown: !
Percent by mass‘NaHCO," 77 6000 L. H,0x1L0g/ mL. 56000g H,0 g;f.:,-::
percent by mass = n:laaisu?fsﬁﬂ:#:n x 100

20.0g NaHCO
e 100323
600g H,0+20¢g NaHCO,

Practice Problems
Page 313

D=mV
Density = mass/ Volume
Density of water (H,0) =1 g/mL

9, What is the percent by mass of NaHCO4 in a solution containing 20.0 g of NaHCO4
dissolved In 600.0 mL of H,0?

10. You have 1500.0 g of a bleach solution. The percent by mass of the solute sodium
hypochlorite (NaOCI) is 3.62%. How many grams of NaOC| are in the solution?

11. In Question 10, how many grams of solvent are in the solution?

12. Challenge The percent by mass of calcium chloride in a solution Is found to be 2.65%.
Iif 50.0 g of calcium chioride Is used, what |s the mass of the solution?

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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9. What Is the percent by mass of NaHCO4 In a solution containing 20.0 g of NaHCO,
dissolved in 600.0 mL of H,0?

10, You have 1500.0 g of a bleach solution, The percent by mass of the solute sodium
hypochlorite (NaOCI) s 3,62%, How many grams of NaOCI are In the solution?

11, In Question 10, how many grams of solvent are in the solution?

12, Challenge The percent by mass of calcium chloride in a solutlon s found to be 2.65%,
If 50.0 ¢ of calcium chloride |s used, what is the mass of the solution?

9. What Is the percent by mass of NaHCO in a solution containing 20.0 g of NaHCO4
dissolved n 600.0 mL of Hy0?

10. You have 1500.0 g of a bleach solution. The percent by mass of the solute sodium
hypachlorite (NaOCI) is 3,62%, How many grams of NaOC! are in the solution?

11. In Question 10, how many grams of solvent are in the solution?

12, Challenge The percent by mass of calcium chloride in a solution s found to be 2.65%,
It 50.0 ¢ of calcium chloride is used, what is the mass of the solution?

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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8. What Is the percent by mass of NaHCO; In a solution containing 20.0 g of NaHCO,4
dissolved in 600.0 mL of H,0?

10. You have 1500.0 g of a bleach solution. The percent by mass of the solute sodium
hypochlorite (NaOCI) s 3.62%. How many grams of NaOC| ar in the solution?

11. In Question 10, how many grams of solvent are in the solution?

12. Challenge The percent by mass of calcium chioride in a solution s found to be 2.65%.
If 50.0 g of calcium chioride is used, what is the mass of the solution?

Practice Probiems

|
9. What Is the percent by mass of NaHCO4 in a solution containing 20.0 g of NaHCO,
dissolved in 600.0 mL of H,0?

10. You have 1500.0 g of a bleach solution, The percent by mass of the solute sodium
hypochlorite (NaOCI) Is 3.62%. How many grams of NaOC| are in the solution?

11. In Question 10, how many grams of solvent are in the solution?

12. Challenge The percent by mass of calcium chloride in a solution is found to be 2.65%
If 50.0 g of calcium chloride is used, what is the mass of the solution?

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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D, What is the percent by masa of NaHCO, m a solution

11, In question 10, how many eranis of solvent are in the
contuming 20,0 g NaHCO; digsolved in 600.0 ml. g il

splution?

1
. 15000 g - 843 g = THAT ¢ solveal
600 e, H,0%10g/ml. =600 g 1,0 |
3000 NaHCO 12, Challenge The percent by mass of calcium chioride
e !' b 0= 3.23% i & solution i3 found to be 265%. 1T 50.0 grams of
600 g 1,0+ 20g NalHCO, calomm chioride 13 wsed, what is the mass of the
solution”
10, You have | 500.0 g of  bleach soluhon. The percent i
by miss of the solute sodium hypochlonte, NaOCI, o 100 < 5.0 g CaCl,
15 3.62%, How many grams of NaOC| are (o A

the solution? mass of salution = 1 §9 10" g

M
62% = 10 = IE'?I—MI

LS. @
mass Ma0dC] =543 ¢

Percent by Volume Mr. Mouad

Bio-dliesel is produced from renewable resources
like “vegetable oil” and petroleum diesel. Assume
you mixed 10 L of bio-fuel with 30 L of
petroleum diesel. What is the concentration of

bio-fuel using percent-hy-volume.

Petcent by Volume
percent by volume =

volume of solute
volume of solution

¥ 100

Copyright € MeCraw HU Education

Total volume of solution=10L +30 L =40L

101
Percent by volume = Tk 100 = 25%
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Practice Problems; Page 314

13. What is the percent by volume of ethanol in a solution that contains
35 mL of ethanol dissolved in 155 mL of water?

Coorflll g
AL e Raliihe o §E - Yolume of solute
BRI P by v = L x 10

Volume of Solute = 35 mL

Unknown Volume of Solution = 35 + 155 = 190 mL
Percent by Volume of

ethanol 35ml

Percent by volume = Tk 100 = 18%
Practice Problems

13. What is the percent by volume of ethanol in a solution that contains
35 mL of ethanol dissolved in 155 mL of water?

14, What is the percent by volume of isopropyl alcohol in a solution that
contains 24 mL of isopropy! alcohol in 1.1 L of water?

15. Challenge If 18 mL of methanol is used to make an aqueous solutior
that is 15% methanol by volume, how many milliliters of solution is
produced?
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Practice Problems
Page 314

13, What is the percent by volume of ethanol in a solwtion |
that contains 35 ml of ethanol dissolved in | 35 mL of
water?

S ml

— @ T = [R% G
155 ml. + 25 ml,

14. What 15 the percent by volume of isopropyl akcohol i

n-solutkon that containg 24 mL of isopeopyl alcohol in
1.1 L of water?

34 mL
.. 100 = 2.1%
34 mL + 1100 ml.

15, Challenge If 18 ml of methanol are nsed o make

ags aguesus solution that 16 1 5% methane] by valume,
Bow many milliliters of selution are produced?

18 ml.
159, - « 1M}
A ml. solution

x =120 mL

Table 3 Concentration Ratios

Concentration Description

Percent by mass m";i::?i;“:;‘:n % 100
e | g o
M B

Mole fraction ______moles of solute

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED

FOR TRAINING



School Branch 1 o yutadl § il

School Cluster 2.4 ) 4.2 oyl UL
Zayed Ed. Complex - — il el wl s
TPLT TR WP 1T ) il 9l - oadadll 5 pama
Al Khawaneej C1,C2 & €3 }\ﬂlvNisTRYEOFVEE))L}_;ATIOit A g aslidl g Jo¥I 3:5.!.1-."
* Molarity: o 4 4 & W
number of moles of a solute ) . N
dissolved per liter of a ¢ . &
solution. & 4 Y
Malarity (M)=" (Moles of Solute) A v ..‘ .
" 4 ="
v V(Liters of Solution) < Salvani =/} ‘
* Unit of measurement lsﬂnrﬁf r . A -, r
t @

https:/ /www youtube com fwatch®v= lnicYA

tHHﬂ'ImE Page 310

-

A 100.5 mL Intravenous(IV) solution contains 5.10 g of Glucose
(C¢H,,0,). What is the molarity of this solution? Molar Mass of

C.H,,0,= 180.16 g/mol. h

Moles = Mass / Molar Mass

= 510 g »
- n= 180.16 g/mol = (.0283 lﬂ-ﬂ! EEHiI ﬂﬁ

- Mar C (Molarity)= n(M oles of Sﬂ!utg]
Unknown -

I o

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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Practice Problems: Page 315

16. What is the molarity of an aqueous solution containing 40.0 g of
glucose (CeHis0s) in 1.5 L of solution? Molar Mass of C;H,,04 = 180.16 g/m

Rt
l = M0y i
1= e = 0,222 mol C,H,0,
- . n (M{[IIEE af Caluta)
Horc (Nolany)= V(Liters

o
I

Practice Problems

16. What Is the molarity of an aqueous solution contalning 40.0 g of
glucose (CqHy;04) In 1.5 L of solution?

17. Calculate the molarity of 1.60 L of a solution containing 1.55 ¢ of
dissolved KBr,

18, What is the molarity of a bleach solution containing 9.5 g of NaOCI
per liter of bleach?

19, Challenge How much calclum hydroxide (Ca(OH),), in grams,
15 needed 1o produce 1.5 L of a 0.25M solution?
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16. What 18 the molanly of an aqueous solution “
conikining 40.0 ¢ of ghienaé (CeHiOgdn 1 3L of 17, Caleulate the molarity of 1.60 L of n solution
selution’ contamning 1.55 g of dissolved KBr.
ol €110, = 400 g x " - 0,222 ol - L mel
G £ 19016 g - mal kB =1 55;’#119.” =11 0130 mol KBr
mal C 1 0 1 M
tlatiy o sl o SO 1aap nolirity = —RonRt_ 00120 mal
150 soluton 151 160 Lsoluton  LAOL
=H 13107 M
19. Challenge How nach calcium bydrosude 1. """'!h'“ is the molanity of a bleach solution containing
(CadOH ), in grams, i3 peadad to produce 8.5 g of NaQC] per liter of bleach?
L3 L of a 0.25M solution” 1 mal
a0l nmJ,."'Iill'l'l'!,:‘i'.ﬁ!f:-c;I| - = (.13 mal
038y ¥ MOTLAM, 14g
L3 L sulution G mol XaUCT 0,128 mol
x =038 mol Ca(OH), T 00 L soiution 1001
408 0130
0.98 el CalOH), % ;-rﬂl' <18 g CalOM),
Plenary Actiwity |Part 1)

True T) or False [F)

00(,

wA “diluted” solution of NaCl contains “LESS" solute than a

“concentrated” solution of NaCl of the same volume. True

+Concentration can be described qualitatively only.
False (Qualitatively and Quantitatively|

+*Molarity is defined as the moles of solute that are dissolved per liter of
solution. Trye

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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Actiyity: What will b the mass peecent concertration of the splitiae nttps:/ fedushare moe zov.ae/ Upload
abtained by mising s/ Recources /9ebeladd-2ibe-4.3fa-

mass purcent concentraton g5183532anac/5900994080669696/1
of wlition s | ndex hitm

Il
E

« What is the percent by volume of isopropyl alcohol in a solution
that contains 24 mL of isopropyl alcohol in 1.1 L of water?

vn}umr ol :nlulr

percent h:'r volume = I|.'|:tIUI'|1Il of iﬂllﬂjﬂ“

Volume of solute= 24 mL
Volume of salvent= 1.1 L

® 1100 mL (1 L = 1000 mL)

Goume f sistion = 241100 1124 L. pargent by volime = —e=r—-x 100= 2.14%

How can we prepare 1 Lor 1 dm? solution of NaCl that has a concentration/Molarity of

,?.ﬁ.hfif. i e : Moles = Volume x Molarity

i i

| Molarity (M)= Moles of .?n;gte i

| Liters of Solution ! =1L x 0.2 mollL = 0.5 mel NaCl
I . e P . s B s e o e e ) I

NaCl “Mass"= moles x Molar Mass
=0.5mol x 585 g/mol=2925¢

You need to weigh 29.25 g of NaCl

g L B bl ikte i e Tl ekt et b ey 11 Dkind v i aced s e
PR e o el A il Sy corrped TN 3 g e ot bl uip o
e 1o ikl s Pl
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Practice Problems: Page 316

21, How many grams of CaCl, should be dissolved in 500.0 mL of water
to make a 0.20M solution of CaCl,? CHC'E Molar Mass = 110.98 g."mol

ﬁm Gy Unknown:
XY SR BT Mass of Solute “CaCl,'??

Malarity = 0.2 M Solution of CaCl,

Hﬂ,lr,mrf rHJE Moles I‘.'If Solute
Liters of Solution [

Hlass= Mul:s X Hlnilar Mass

Moles = Molarity X Volume “Liters” of Solution

n=MmxVv 11098 ¢

1l

mass CaCl, =0.10 }Id CaCl,

maol CaCl, = 5000 mL = _...!‘_ - w020 M

1000 ml.
A =010 mal

Practice Problems Page 316

20. How many grams of CaCl, would be dissolved in 1.0 L of a 0.10M

Molarity ()= Moles of Solute

Liters of Solutton — —— — e
J Hlasr Moles x Molar Mass |
Males = Molarity x Volume “Liters” of Solution
e 11098
mass CaCl, =0,10 pedf CaCl, x 't
1 prﬂf

mol CaCl, = (0100 )10 L) =(0.10 molF)(1.0 ¥)

0.10 mol CaCl, mass of CaCl, =11 g

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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L=
20. How many grams of CaCl, would be dissolved in 1.0 L of a 0,10M
solution of CaCl,?

21. How many grams of CaCl, should be dissolved in 500.0 mL of water
to make a 0.20M solution of CaCl,?

22. What mass of NaOH Is In 250 mL of a 3.0M NaOH solution?

23. Challenge What volume of ethanol (C,H=0H) is in 100.0 mL of
0.15M solution? The density of ethanol is 0,7893 g/mL.

Practice Problems Page 316

3}, How many grams of NaOH are in 250 mL of a 300
), How many grams of CaCl; would be dissolved in NaOH solofion”

LOL of a0 )0M solution of Cal’lL?

, 1L
mol CaCl, = (00004100 L) = (0.10 mol )10 ) mal NaGH =230 ml x oo % J.0M
= (110 mol Cal’l
| 110,94 - 250 . x |wyﬂfL JE““I
mass CaCl, =010 gl CaCl, x—— 2 .
1 prb) = 0.75 mal
fCaCl, =11 40,00
ik ] mivss NaOH =078 gl NaOHx ——
21. How many grams of CaCl; shoukd be dissolved in 1
SO0U0 ml. of water 1o make a 0. 20M sohation of s of NaOH = 3.0 % 10/ "
Cally?
H 13, Challenge What velume of ethanol (CHLOH) 15
mol CaCl, = 5000 mL x 1L o 100.0 mL of 0.1 577 solution? The density of ethasol
(KK} ml. i 07893 g'rml
=k
" il L V1ol
o CaC) <010 e CaC) 5 pﬂl 160 ,ut’ 1 ¥ solution
wass of CaC1, =11 ¢ -H'rn tlhn'lnl 1 ml ethanol 087 L.

1 niul-:ﬂiiul.ﬂ. l].?!!'.]_j_:ﬂﬂﬁ.ll
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Your Chemistry teacher challenged you with this question during the Molarity
lesson: How would you decrease the concentration (dilute) a stock solution of 4 M
MaCl to 2 M NaCl. ¢ L5y ot

Hint: Use the Molarity equation to help you.

. Moles of Solute Man
Molarity (MorC)= Tiers of Solution Maiv

» Reduce the moles of NaCl - Lower Molarity
+ Add more water (increase the volume)> Lower Molarity

Figure 9 Page 317

Concantraled solifion Biluted solution
. Lower Concentration
Higher Concentration (Molarity), when watar s
(Malanty) 1ddad

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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How to dilute a solution (reduce its molarity)?
+ Add more water (increase the volume)= Lower Molarity

St:wkilmhnlm 2
"“""_'-‘*""_‘_'f::‘. After diluion The two beakers contain the same
% = number of moles of solute.
Al wi by i :
L - Moles = Molarity x Volume of Solution
'] i
= ¥ n=MxV
Moles 1 = Moles 2
) M.V, =M,V,
n1 = n Dilution Equation.
Difuting Maolar Selutions
How to dilute a solution (reduce its molarity)? 1L=1dm’

» Reduce the moles of NaCl - Lower Molarity
« Add more water (increase the volume)-> Lower Molarity

Dilution Equation:
MV, =MV,

C,V,=C.,V,in some books

S M 00:00/04:03 | 4 L1 SRR S
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DILUTING STOCK 5O0LUTIONS Pa ge 318  SOLVE FOR THE UNKNOWN

(
« State the dilution equation;
M.V, = M.V,
» Solve for v,

Use with Example Problem 3.

Problem
M,

If you know the concentration and volume of V=V, (T'.T]
the solution you want to prepare, you can :
calculate the volume of stock solution you will  * Substitute M, = 2.00M, M, = 0.300M,
need. What volume, in milliliters, of 2.00M andV;=0.30L

calcium chloride (CaCly) stock solution would V.= I!]EEIL(H 300
you use to make 050 L of D.300M calcium T 2.00M
chloride solution?

1000 mL
KNOWN UNKNOWN V;=(00751) ( I1 ) =fsmi
M, =2.00MCaCl, V. =?mL2.00M CaCl,
¢ To make the dilution, measure out 75 mL of the stock solution
M, =0.300M and dilute it with enough water to make the final volume 0.50L

V,=0501

DILUTING STOCK SOLUTIONS P age 318
IN-CLASS EXAMPLE

V, = (0.075L) (mm "‘L) 75 mL

1L

To make the dilution, measure out 75 mlL of the
stock solution and dilute it with enough water to
make the final volume 0,50 L.

In other words, add water to the measured 75 mL
until reaching the final volume (V,) of 0.5 L on the
scale

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED

FOR TRAINING



School Branch 1 o yutadl § il

School Cluster 2.4 ) 4.2 puyud] Gl
d Ed. Complex - AT el

Zaye m:np = bty A 5315559 sl 52l - oadaill gl s

Al khawaneej C1,C2 & C3 MINISTRY OF EDUCATION il g aptl g Jo¥l adlall

Practice Problems

24, What volume of a 3.00M Kl stock solution would you use to make
0.300 L of a 1.25M Kl solution?

25, How many milliliters of a 5.0M H,30, stock solution would you need
to prepare 100.0 mL of 0.25M H,50,7?

26. Challenge If 0.50 L of 5.00M stock solution of HCI s diluted to make
2.0 L of solution, how much HC, In grams, Is in the solution?

Practice Problems

24, What volume of a 3.00M KI stock solution would you use to make
0.300 L of a 1.25M Kl solution?

25, How many milliliters of a 5.0M H,30, stock solution would you need
to prepare 100.0 mL of 0.25M H,50,7

26. Challenge 11 0.50 L of 5.00M stock solution of HCI is diluted to make
2.0 L of solution, how much HCI, in grams, Is in the sclution?

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED

FOR TRAINING



School Branch 1 o yutadl § il

School Cluster 2.4 4.2 uyud| Gladl
d Ed. Complex - i o1 - qnelall ol

Zaye m:np = bty A 5315559 sl 52l - oadaill gl s

Al khawaneej C1,C2 & C3 MINISTRY OF EDUCATION il g aptl g Jo¥l adlall

24. What volume of a 3.00M Kl stock solution would you use to make
0.300 L of a 1.25M Kl solution?

25, How many milliliters of a 5.0M H,50, stock solution would you need
to prepare 100.0 mL of 0.25M H,S0,47

26, Challenge 17 0.50 L of 5.00M stock solution of HCI is diluted 1o make
2.0 L of solution, how much HCI, in grams, is In the solution?

Practice Problems

24, What volume of a 3.00M Kl stock solution would you use to make
0.300 L of a 1.25M K solution?

25, How many milliliters of a 5.0M H,50, stock solution would you need
to prepare 100.0 mL of 0.25M H,S0,47

26. Challenge If 0.50 L of 5.00M stock solution of HCI is diluted 1o make
2.0 L of solution, how much HCI, in grams, Is In the solution?
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24, What volume of a 3.00M Kl stock solution would you use to make
ion? ] :
0.300 L of a 1.25M Kl solution’ Dilution Equatmn:

MV, =M,V,

24, What volume of & 3.000f KT stock selution would you
use 1o make 0300 L of o | 25K solution?

Practice aasomn
Problems e

25, How many milliliters of w 5.04f H;50; stock solution

P 3 1 9 wisthd you nesd to prepare 100,0 mLL of 0,254
age Has0y7

(S0MIFs = (0.250)(100.0 mL)
s (0254 ¥100.0 L) S
50

36, Challenge 1f 4,50 L of 500 stock solution of HC|
15 diluted to moke 2.0 L of sohshion, bow much HC,
1 grams was in the solutson’

mol HCL = 5.00M » 0.50 L = 2.5 mol HCl
M 45 g HOI

of H(l = ~— - %18
miass Ijﬁ ® pﬂ'

miass af ICT =91 ¢

=123 L =115 mL
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A “diluted” solution of MaCl contains more solute than a
“concentrated” solution of NaCl of the same volume.

(]

+Concentration can be described qualitatively and quantitatively
(numerically). |

“Molarity is defined as the moles of solute that are dissolved per liter of
sovent. F it should be solution not solvent

Plenary Activity, True [T} or False (F)

%A “diluted” solution of NaCl contains more solute than a 00 g
“eoncentrated” solution of NaCl of the same volume.

«*Concentration can be described qualitatively and quantitatively
(numerically).

**Molarity is defined as the moles of solute that are dissolved per liter of
solvent.

*Molality is used to calculate concentration because temperature-
alterations can affect molarity.

++The sum of mole fractions of a certain solution must equal to 1.
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What happens fo the volume of
water when the temperature Molarity: number of moles of a
increases? solute dissolved per liter of a
solution.
: - i) n(Molesof Solute)
Think critically and post WO9= Vllsersof slatian
your answer: Unitof messurementis "ot

Will the Molarity change when the
temperature increases? why?

Malality-3 min

What happens to volume when temperature increases?

The volume increase and thus the Molanty will Change. What can
we do to avoid this?

Molality: the ratio of the number of Molality

moles of a solute dissolved in 1 Kg of molality (m) = moles of solute

of solve
solvent kg of solvent
The makadty of & soliion g Bie ok of soiute i ed By loormms of sl
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Whatis the molality of a solution made from dissolving 0.5 mol of

CaCl, in 200 g of H,07?
Known; unknown
Moles of solute of (Cacl,} = 0.5 mol Malality {m)
Mass of solvent (water|=500 g =05Kg | 9 = kg {divide by 1000)
Molality

moles of solute
kg of solvent

molality (m) =

Trve molably of & sahillon el Me moskes of sohfe divided by kiograms of solvest

n (mei)

-, __ 05 maol __ D5 maol o mol
malatity:= mazs (Kg) 500§  03Kg 1 Kg or1m
CALCULATING MoLALTY  Pa ge 319
SOLVE FOR THE UNKNOWN

IN-CLASS EXAMPLE

Problem
In the lab, a student adds 4.5 g of
sodium chloride (NaCl) to 100.0 g of
water. Calculate the molality of the
solution,

KNOWHN UNKNOWN
mass of water [H,0)=  m =7 molfkg
1000

mass of sodium chloride
(NaCl)=4.5¢

* (alculate the number of moles of solute

1 mol NaCl
m 0.077 mol NaCl

* Convert the mass of H,0 from grams to kilagrams using the
factor 1 kg/1000 g

ligH,
1000 gH,0

4.5 g NaCl=

100.0gH,0 = =0.1000 kg H,0

* Write the equation for molality.

moles of solute
h|In|r|m= of salvent

* Substitute males of solute = 0.077 mal NaCl,
kilograms of solvent = 0.1000 kg H,0.

o 0.077 mol NaCl _ 0.77 mol kg

Hy
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21, What is the molality of a solution containing 10.0 g of Na,S0, dissolved in 10000 ¢
of water?

28, Challenge How much (Ba{OH)4), n grams, is needed to make a 1.00m aqueous solution?

27. What 15 the molality of a solution confaining
10.0 g Nay S0, dissolved m 1000.0 g of water?

i I I
mol Na 80, « 100 g Na 80, x
14204 ¢
= 00T mol Na, 50,
00704 mol Na 50,
molarity = — — —— 14 — 0.0704
10000 kg H,0

18, Challenge How much (BalOH ), in grams, is
peeded 1o make o 100w pquemis solutson’?

1 mal
() ~
mol BailyH), “Ihﬂ,ﬂﬂﬁ:il
1 g Ba(OH
molar mass of BaiOll), LLE Liinll]

| mol
miss of Ba(OH), = 171 g per kg af water
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How to increase the collision rate between the solvent
and solute? In other words, how to increase solvation?

Agitation -
(stirring) m

--
Area .

jempehre

Factors that alfect solvation:
Solvithon ocenrs only when: sojule jed splyend pactiches come in contaet with olber,

How to inerease the rate of sobvation” By incizasmu the sumber of collisions between solute
and sofvent, by wsing the following methods:

A = Agitation B = Surface arca C = Temperature
A Tollow:
A - Agitation = stirring or shaking:

Agitntron make dissolved solute particles moves away fiom the contact surface
more quickly, then vew collisions between solute and solvent eccar
B - Surface nrea = breaking the solite b small pleces will

inerense (in sirlace aren Uhen more collimns m

! Surfoce atea  —+ [ more collislons

Faplaln: granulaged sagar dissalved in water mare l]_llll:'llil_'f ihan an l'llﬂll winoind of vigar b
eube form?

Adwer: [hig | _neppning the ipber of surfases i Se grapulated suger, which bend %o meresing
itiher of cullisons with wartes mokcuben, then merensing salvilsce
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The process ofselvation  involves solute particles
surrounded by solvent particles (collide together).

The increase in will increase the rate of
collision between the solute and solvent, and hence boost
the rate of solvation.

CLIEE NI vemperature

Saturated & Unsaturated Solutions

Fill in the gaps below after watching the

video.
7 Contains less dissolved ™
Unsaturate solute for a given
dsolution temperature and more
— solute can be dissolved |
\ init. J
Contains maximum
- amount of dissolved
Saturated solute for a given amount
Solution | of solvent at a specific

" temperature. 7
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I = Unsaturated solution: solution that contans less dissolved solute for a given temperture
and pressure than a saturated solution,

I —saturated solution: solution that contams maximum amount of dissolved solute for a miven
amount of solvent al a spectlic lemperature and pressure.

3 —saturated solution: solution that contmns more dissolved solute than a saturated solution at
the same temperature and pressure.

Solublity: the gy iom oy of sohure st b s Ut apenot o solvent at
SO IOIDITATUES (oo gibaie ! biog 100 |

The lIJII.lH:"I:I' il m solure r.h'p-rqlh v pnure of sphne mmad solyem

How HJl.lihiilT_'l oceur? & gt b L il il P el o L

raimt Fmoan A rmaloaor Fooasasdodiieaml
B A T

When a solute is added to @ solvent
1 - Solvent particles collide with the soluie’s surface paricles

2 = Solute parmcles begm to mix modomly among the solvent particles

3 - Solute particles are comied swiy from the erystal

4 - A the number of solviated particles increase, collisions between solvated panticles
wivd the remaiming ervatal inereise

& mome colliding solute particles rejoln the ervstal {crvatalize)

B - s solviion eeihinue, the erysiallizabion rte mereases while the slvation mie
iCinins conakan

7 - depending on the armoun of wlule: dynamic squilibrum might be occur between
solvation amd |,'r1',."+1u|1|fnl.i|.1r|.
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Note: at constant lemperature and dependmg on amount of solule;
Low quantity of solute: rate of solvation > rate of erystallization

High quantity of solute: there 15 a case of dynamie equilibrium between solvation and
erystalhzation, 1.e.: rate of solvation = rte of erystallization. (At STF)

Tabis 4 Solubilities of Solutes in Water at Various Temperatures
Formuils Sululsiity (g 100 g Hy0)
Maminin Pl M50 ni oY 583 Wi
Biiimim by s Dl 17 154 405
Caliism rydrmidd Cafliviy b1} 11 LR G,
| Mt il Li 5 161 Hi 4k
Pl mestir rhicebe Kl i ¥ i N
il i hil | LY A T ;I
e A, w i w0 m
Y fii s Lty i J04 JE13 L
A’ Wl m Al 200
il " LT il )] il ik
gy 0y 048 pen oo
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At a certain temperature,

: g solute
solubility ;an be expressed 100 g K H0
mathematically as:

45.8 KCl
Example: at 60 *C, KC has a solubility of -
E

eSS E EEEZEEERE

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

What is the solubllity
of NaCl at 80 °C? hites:ledushare moe.gov.ae/l reesibaed]déT-

0 1020 3 4 50 &0 0 B0 %0100

Erhilliids

Temperature (*C)

Formative Assassment 1

l.ﬂ|'l|l'ﬂ.'|r! et Th gu@shiosid iing thié soludiliby curve
Al whil temperature do polassiem adide and pothdsium mitrale have the hitps iedushare. moe gov.ae/Uploads/R

LA satubility?
Lolubility Curves of Same Subaances MW
0 o 282ee40eafldif522 147 inds himl
3
G A 5 ‘I'-.I 1|
ﬂ 00 ™ iy )
. id m
At WAL temperatule Can = 1
100 g of water dissolva Ll | T
210 ¢ of silver nitrate? - .
-:ll ':l Li T T T 1.
O ow 20 B 4 W oW W

Temperature [*C}

I:_I il '
O 100 %

K « KNG, o Mall = AGND,

Deogd the dotubility Incraase mdre rapidly with tamperature i the tate of
potassium nitrate or o the cads of sodium clianda”

) potassiem nitrate, KVO, ) sodium chiorde, NaCl
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Temperature and supersaturated solution:

ISolvent temperature = 1t kingtic Energy of particle = Tmore frequent collisions between
solvent and solute = [ Solubility

16 Solubality af hugh temp. > Solubihty at low temp,

Discuss the table:
:.._.'jr'ﬂ.]!!l:_“ | mn;ggy;}u:: '. .!‘.iu.!.ﬂi!il.ily.._.;ﬂ_f Iﬁﬂgliﬂj
Caclz | 0% b4 |
e 100¢ |

Important note; The solubility of some matenals deereases as rising temperature, but

remains constant afler reachmg 4 certain temperature.
Example: Cerum Sulphate Ces (S04),

Solubility discussion at different temperatures

Very Important Notes:
| = Solubthty changes when lemperature changes.
2« Some substances become more soluble when lemperaiure merenses,
3 - Most materials merease their solubility when the lemperature nses,

4 - Some matenials decrease their solubility when the temperature rises,
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Mow that you know the definition of a saturated solution, and how the solubility
increases with temperatures “for most solids.” Can you guess what is the
definition of a supersaturated solution?

. | Contains more dissolved
Supersaturated | solute than a saturated
‘ Solution ] | solution at the same
' . temperature.

Femperature and superaturated solution

{ 8ol vient temperafure = | kinctie Energy of partscle = Tmode frequent collisons bebiiom
stvent ond sohute = 1 Sobabalify

b Sobubifity on bigh s, = Sohibibiny o bow wop,

# Phgidrm V4,00 W o il el Wi kv’ oning illiiwn 1 Enoess sl Vi teriiabin dbvwolveil fii
X0 b o cupeeurlealmd ulon, fe Pomi

sl &l (b lover tempseraage, as s in Figura 14,18
ot Lt i of thel WA I
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How to make a supersaturated solution?

| - Make a saturated solution at high temperature and then cooled slowly,

2 - The slow cooling allows the excess solute to remain dissolved m solution at lower
temperature,

3 - add a tny amount of solute (seed crystal); the excess solute precipitates quickly.
Note: to precipitate the extra solute, solution undergoes a physical shock, such as:
a. Seratch the mside of the contamer

b.. Stimng or tapping the contamer

Another idea:
# Figure 16 Whien o sewd oryslal i mdded fo
A upersaluahed wolubon, e cess soule 0lass container
cystalkren oul of fhe soiion slick {
A \ - ! .H,l
\—iting ne
sUper- "

saturated | orystal
mnlulmmL ‘j

Applications: cloud seeding

Silver fodide (Agl) 1s used to seed amr that is supersaturated with water vapor

Causes the water particles to come together and form droplets that might
fall to earth as a ram.

Note: rock candy and mumeral deposits at the edges of mmeral springs, are both formed from
stpersaturated solutions
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