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Textbook + table 1 + Example problem 1 + Practice

1 CHM.5.5.01.001.07 Perform mterconeersion betwseen units of temperature and heat blems

X W\S U

EXPEAREIL
&<—————————
W,V -

— loa~ L

, Xawr o Ky

= lowe .
‘< - \gM T Eem—

A breakfast contains 230 nutritional Calories. Express this energy in joules.

A fruit-and-oatmeal bar contains 142 nutritional Calories. Convert this energy to calories.

An exothermic reaction releases 86.5 kJ. How many kilocalories of energy are released?

CHALLENGE Define a new energy unit, named after yourself, with a magnitude of one-tenth of a
calorie. What conversion factors relate this new unit to joules? To Calories?
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Extra practice
How many joules are absorbed in a process that absorbs 0.5720 kcal?

Ethanol is being used as an additive to gasoline. The combustion of 1 mol of ethanol releases 1367 kJ of

energy. How many Calories are released?

To vaporize 2.00 g of ammonia, 656 calories are required. How many kilojoules are required to vaporize

the same mass of ammonia?

One mole of ethanol releases 326.7 Calories of energy during combustion. How many kilojoules are

released?
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To vaporize 3.00 g of ammonia, 845.5 cal are 845.5 cal J) zlas Lisa¥! 50 3.00 g ;a3
required. How many kilojoules (kJ)are required to !Laj.ﬂel O ALSH yadd jaadl 5k (KJ) Js» sAS S
vaporize the same mass of ammonia?

2.87
3.54
3.85

2.68

Which of the following statements is true about the alial Jsanll o ClSAIL alaty Lasd dasa AJGH &il)lial) L_g‘
two figures in the table below?

150 Cal 5.0 x 10°J
Y X
The energy in X is greater than in Y Y & 58l X o aalkl)
The energy in Y is 3.6 x 10° J 3.6 X 10° J LS Y i
The energy in X is 355 Cal 355 Cal (gl X 3 ailkl)
The energy in Y is greater than in X X & e ,S8lY o« ailk.ll
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2 mole of ethanol releases 653.4 Cal of oS .3y (Ul dlhl e 653.4 Cal Jabiy) e Jse 2 )a)
energy during combustion. How many kilojoules ¢ ek Je BlS

are released?

2.734 x 10° kJ
1.350 % 10° kJ

1.600 x 10° kJ
7.800 x 10~ kJ

Which of the following contains the highest ?Cal Al Ciheuddl e 2aaS St o S Ll ;__gi

nutritional Calories?

1000 cal

10 Cal

9600 J

86.5 kJ

How much energy in joules is supplied by 170 Callg 8 A Ay e g A0 1) ol e ) e
breakfast containing 170 Cal?

170J (
741x10°J {
1.7x10°J (
711J (
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‘ 2 CHM.5,5.01.002.02 Calculate the amount of heat released by a substance a3 its temperature changes

Textbook + Example problem? + Practice problems 8.9

Calculating heat absorbed or released

Equation for Calculating Heat

g represents the heat absorbed or released.

g=cXmXAT

¢ represents the specific heat of the substance.
m represents the mass of the sample in grams.
AT is the change in temperature in°C,or 7__ — T

witaal

Note: If heat was released or the substance was cooled then AT and g are negative

Practice

If the temperature of 34.4 g of ethanol increases from 25.0°C to 78.8°C, how much heat has been

absorbed by the ethanol? (The specific heat of ethanol is 2.44 J/(g.°C))

The temperature of a sample of iron with a mass of 10.0 g changed from 50.4°C to 25.0°C with the

release of 114 J. What is the specific heat of iron?

A 155-g sample of an unknown substance was heated from 25.0°C to 40.0°C. In the process, the

substance absorbed 5696 J of energy. What is the specific heat of the substance?

Challenge A 4.50-g nugget of pure gold absorbed 276 J of heat. The initial temperature was 25.0°C.

What was the final temperature? (The specific heat of gold is 0.129 J/(g.°C))

@the_garden_academy o The garden academy
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Calculate the amount of heat absorbed when 5.50 g of aluminum is heated from 25.0°C to 95.0°C. The

specific heat of aluminum is 0.897 J/(g-°C).

A 25.0-g bolt made of an alloy absorbed 250 J of heat as its temperature changed from 25.0°C

to 78.0°C. What is the specific heat of the alloy?

The specific heat of ethanol is 2.44 J/(g.°C). How many kilojoules of energy are required to heat 50.0 g

of ethanol from -20.0°C to 68.0°C>?

10.7 kJ
1.22 kJ
8.30 kJ
5.86 kJ
If 250 g of ethanol at 75.0°C loses 4655 J of heat, Shall (e 40 75.0°C a3l 3 j0 JelY) (e 250 g 228 1))
what is the final temperature of ethanol? ¢ DU ALl 5ylall dn 0 L. 4655 0 ajlaka
(Specific Heat of ethanol = 2.44 J/ (g. °C) (2.44 J/ (9 °C) & Jsludl ducsill 5))al))
45.8°C
59.5°C
82.6°C
67.4°C
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A 15.0 g piece of cadmium metal absorbed 32.() cal Byhall e 32.0 cal agalS 58 e 15.0 g LS dall cuaial
of heat. The final temperature was 62.7°C and the specific a8l dae gill 5)l)ally 62.7°C ALl 3))yal) dny0 cuilS
heat of cadmium equals (.231 J/(g.°C). 0.231 J/(9.°C) sl
What was the initial temperature? a8 5)haldl dajy culS 13k

38.7°C

24.1°C

9.3°C

53.4°C

A 355 g sample of unknown substance was heated ) 22.4 °C (e dagles yud Bale (36 355 g @€ e pda 5
from 22.4 °C to 43.6 °C the substance piece absorbs

AL e 6.75 kJd ddaadl (DA Balal 038 Caaialy 43.6 °C
6.75 kJ of energy.

Using the table below, which is the substance? frala) a L alial Joaal Lais s

—alll il assal¥ sl
Gold Silver Aluminum Iron |
0.129 0.235 0.897 0.449

Silver Aaill

Gold a3l

Aluminum agsiafl!

Iron B 2l

If 3.00 g of aluminum foil, placed in an oven and heated from 20.0°C to 662.0°C, absorbs 1728 J of heat,

what is the specific heat of aluminum?

A. 0.131 J/g-°C D. 2.61 ]/g-°C
B. 0.870 J/g-°C E. 0.261 ]/g-°C
C. 0.897 J/g+°C
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I 3 CHM.5.5.01.001 109 Describe how the same amount of heat affects the temperatuee of different objects of the same mass

Textbook + Example problem2 + Practice problems+
check your progress

Specific Heat

The specific heat of any substance is the amount of heat required to raise the temperature of one gram

of that substance by one degree Celsius.

Ethanol has a specific heat of 2.44 J/(g-°C). What does this mean?

Substance with high specific heat

Substance with low specific heat

Less change in temperature when energy is

added or released

Water: 4.184 J/(g-°C) Concrete: 0.84 J/(g-°C)
It requires much energy(gained or lost) to It requires less energy(gained or lost) to change
change temperature. temperature.

Large change in temperature when energy is

added or released

Concrete sidewalks get hot during a sunny summer day. Why?

How would the temperature change of the concrete compare to that of the water over the course of

a cool night?

The same amount of heat is added to a 10 g sample of each of
the following metals. If each metal is initially at 20.0°C, which
metal will reach the highest temperature?

AL A e e JS 0a 10 g A6 e A i il
g S 514 20.0°C A R JS AN B adl A 0 SOS 1)
Badan o) A Jeay

Metal 5 | Specific Heat i o838
Beryllium » s & 1.82]/(g°C)
Calcium » p350 0.653 ]/(g°C)
[ Copparoiad | 0.385 | /(g°C)
Gold —a2 0.129]/(g*C)

@the_garden_academy 0 The garden academy
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Equal masses of of the four metals given in the table
below were left to sit in the Sun at the same time and for
the same length of time. What is the order of the four
metals according to its temperature increase from

smallest increase to largest?

slal Jgaadl A 53))gll &as)¥) Clilall (e duglicia Ji€ &l 5
S (155 Lo Agadl B paisly Y it B uadl
etV A U (e Lgiha 20 Baljl Wy daY)

paandSll | anlig il | paladl | s sl Metal il
Calcium | Strontium Lead | Magnesium
0.647 0.301 0.129 1.023 J /(9.°C ) Specific Heat ic4ll 5l

The lowest is calcium, then magnesium, then

lead, then strontium

The lowest is magnesium, then calcium, then

strontium, then lead

The lowest is calcium, then strontium, then

magnesium, then lead

The lowest is lead, then strontium, then magnesium,

then calcium

s i) & abiayll o5 agsatinal) o5 aguadlS g8 J5Y

;_;.n'l...n_)li i‘: f"JE":':"):""]I' Pf’r.,:.""ﬁsn ‘;1 PH"M 38 .-_Eﬂ'l

2SN 5 pgaariiall 5 pgadi il b abliayll g4 J5YI

The following table shows specific heat of three

metals:

il D Lol gl g I Jpoad

specific heat  d.c gl 5l 0.449 J/(g.°C)

0.129 J/(9.°C) 0.388 J/(g-°C)

If 1.00 g of each metal is heated to 100°C and
added to 10.0 g of H,O at 25°C in the three

separate glass beakers as in the figure below,

what is the order of the final temperatures

of beakers from the lowest to the highest?

54 10.0 g ) Cisaly 100°C ) 35 S (34 1.00 g (e 13

colial Jsal) L.‘.'., LS daala) egsS 4305 ,"3 25°C e HZO

™ ~ ~
Fe ]f Pb
h"!'-*---IE:.----?"' T —-—- -
— — —y
3 2 1

S A B (e agsSU Alel) all Clays s L

0 The garden academy
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CHM.5 5.01.002.03 Cakculate the specific heat capacity of a sample given its mass and temperature change

Textbook + Example problem 3 + Practice problems

13 .14

A piece of metal with a mass of 4.68 g absorbs 256 J of heat when its temperature increases by 182°C.
What is the specific heat of the metal?

A 90.0 g sample of an unknown metal absorbed 25.6 J of heat as its temperature increased 1.18°C. What
is the specific heat of the metal?

The temperature of a sample of water increases from 20.0°C to 46.6°C as it absorbs 5650 J of heat.

What is the mass of the sample? (¢ water = 4.184 J/(g-°C))

How much heat is absorbed by a 2.00 x 103 g granite boulder ( ¢ granite = 0.803 J/(g-°C)) as its

temperature changes from 10.0°C t0 29.0°C?

Challenge If 335 g of water at 65.5°C loses 9750 J of heat, what is the final temperature of the water?

Calculate the specific heat in J/(g-°C) of an unknown substance if a 2.50 g sample releases 12.0 cal as its
temperature changes from 25.0°C to 20.0°C.

@the_garden_academy o The garden academy
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When 50 g of an unknown substance is
placed in 100 g of cold water in a
calorimeter, the substance temperature is
changes from 168°C to 104°C, while the
temperature of the water increased by 1°C.
What is the specific heat of the substance?

50 g L4aliS Addlu daglaa 8 3ala (e dakid uan g dic
518 A 3 G0 ¢ a8 3L el (1 100 g
5)a Aa 0 cadl j) Laiy 104°C ) 168°C (e 33l
1°C )iy elall

P3lall A i) 54 ol La

Knowing that the specific heat of water at
298 K (25°C) is 4.184 )/(g.°C)

& sbu slall 298k (25°C) Lis 4 gil) 5 ) al) ol Lale
4.184 )/(g.°C)

How many joules of heat are lost by 3580 kg of granite as it cools from 41.2°C to -12.9°C? The specific

heat of granite is 0.803 J/(g * °C).

A swimming pool measuring 20.0 m x 12.5 m is filled with water to a depth of 3.75 m. If the initial

temperature is 18.4°C, how much heat must be added to the water to raise its temperature to 29.0°C?

Assume that the density of water is 1.000 g/mL.

How much heat is absorbed by a 44.7 g piece of lead when its temperature increases by 65.4°C?

The specific heat of lead is 0.129 J/(g * °C).

When 10.2 g of canola oil at 25.0°C is placed in a wok, 3.34 kJ of heat is required to heat it to a

temperature of 196.4°C. What is the specific heat of the canola oil?

@the_garden_academy 0 The garden academy
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When a 58.8 g piece of hot alloy is placed in
125 g of cold water in a calorimeter, the
temperature of alloy changes from 606.1°C to

500.0°C, while the temperature of water
increases by 10.5°C.

What is the specific heat of the alloy?

c,.m;_,;?a.,.ﬁaﬁ.,.;,n}m;uu;,.
slall 5 ) o 4a 43 adi 5 Lais 500.0°C ! 606.1°C
10.5°C )i

Al s3gd A 3l 5 ) ) L

Knowing that the specific heat of water at
298 K (25°C) is 4.184 1/(g.°C)

$ sk slall 298k (25°C) L& 4 gil) 5 ) ol ol Lile
4.184 1/(g.°C)

1.13J/(g.”C)

1.02)/(g.C)

0.880 J/(g.°C)

0.803 J/(g."C)

When a 75.5 g hot piece of unknown metal is placed
in 95.0 g of cold waler in a calorimeler, the
lemperalture of the melal decreases by 81.85 °C,
while the temperature of water increases by 15.8 °C.
What is the specific heat of the metal J/ (g. °C)?
The specific heat of water =4.184 J/ (g. °C)

0.449

1.82

0.803

1.02

JuangllS 375.5 g S Jagane S8 e Ldls dakad xiay e
Sl 3 4550 JE el el e 95.0 g e giin

15.8 °C jlsias L) 5)ps oy aiii Ly «81.85 °C jliaa;

¢ J/ (9-°C Jsaags 3l 13g) due gl 5)5all La

4.184 J/(9.°C) = olall 4ue i) 5

@the_garden_academy 0 The garden academy
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When a 360 g piece of hot alloy is placed in 425 g (2425 g 2360 g S Aial ASu (e dakad aiag dic

of cold water in a calorimeter, the temperature of the Al Hlha 4o JB ¢ Gl srd A LU Gl
alloy decreases by 205°C, while the temperature of the 18.7 °C jlaaa: clall Bjlia daya 2oy Lain ¢« 205°C lasa
water increases by 18.7 °C. A<l 0dgd Aacgill 5))all La

What is the specific heat of the alloy?
Specific heat of water= 4.184 (J/g.°C) 4.184 (J/9-°C) = slall e gill 5l

0.380 J/(g-°C)
0.235 J/(g-°C)

0.129 J/(g-°C)

0.450 J/(9.°C)

Two pieces of aluminum and iron were left to sit in eiily Cagll (adh 3 eaddl 3 anaadly s sl e lakad S5
the Sun at the same time and for the same length of oaiy Wb A5y 2 Al (9) dasd) dadad ALS La dia )l Sl
time. What is the mass of the piece of iron (g) whose TH;.J‘)"I dadad B)lya A0 8ol Hloka
temperature increases by the same amount as the

piece of aluminum?

sl asaialY! sl
Iron Aluminium Subslance
enaaes . 47.0 g Mass ksl
0.449 0.897 duc il 5)l5all
Specific Heat J/(g. °C)
30.0°C 30.0°C AT
45.6
53.5
93.9
C L
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‘ 3 CHM.5.5.01.004.02 Differentiate among the system, the surrounding and the universe Textbook

Chemical Energy and the Universe

Thermochemistry is the study of heat changes that accompany chemical reactions and phase changes.
4 Fe(s) +3 0, (g) — 2 Fe,05(s) + 1625 kJ

Is this reaction exothermic or endothermic? Why?

System The specific part of the universe that contains the reaction or process.

Surroundings | Everything in the universe other than the system.

Universe system + surroundings

In heatpack reaction, Heat produced by the reaction flows from the heat pack to your cold hands

So in exothermic reactions, The flow of heatisfromthe .....cccovvvevveiieic i tothe oo,

When barium hydroxide and ammonium thiocyanate crystals, shown in the

figure, are placed in a beaker and mixed, an endothermic reaction occurs.

Figure 7 In this endothermic reaction, the reacting
mixture draws enough energy from the water and the wet
board to cause the wet board to freeze to the beaker.

In an endothermic reaction or process, The flow of heat is from the

"EE e iii-ltﬂthe R EE R R RS R S BE S EE A W L ] L] @ @@ @ &8 @ - @ E
In the endothermic reaction shown below, slial muagall Blall Galdl Jolil
What is the heat flows direction? 5 hall Jim olasl L
posizall Dlluwgs Olysliy pee )Wl JuuiSg)aud (o bouls
a mixture of barrium hydroxide and ammonium thiocy
crystals
wib) 29/
a wet board
From the beaker to the wet board and water eladly ookl mlll 0 S 00
From the wet board and water to the beaker el€l T plally kel gl e
From the mixture to the universe GoSl T daadall e
From the system to the surroundings Jaaddl ) alail e
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Textbook + figures 8 .9 ‘

& CHM_5.5.01 004.03 idertily direction of heat flow (For Exothermic and endotherms processes)
7 M-Eibi.miﬂll:wmmdwanﬂﬂﬁmdhrim#mﬂwxadmﬂkmﬁuh1mﬁﬂwﬂﬁ\m.nlhwu#rﬂnﬂiﬂwqdum, Textbook + fiqures 8 9 + check your progress ‘ 15 16,17 .22
acthvation energy of forward and baciessard reactions, and enthalpy of reaction and its sign
The Heat-Pack Reaction

The sign of the enthalpy of reaction
Exothermic Reactions M Em

———— Enthalpy =—

Product
Exothermic Reaction
AH<0
Write the equation for this reaction in two ways.

e PEOMT NG cov s wsiasming g

The downward arrow shows that 1625 KJ of heat is..........

[Felisgl-en & & %
Explain how the diagram shows that the reaction is exothermic.

& &R AR SR R E EEE R AE s FAE AR R R RS A AR R R E

Explain why AH for an exothermic reaction always has a negative value.

*E R REFRN FEFE RN

Endothermic Reactions

Enthalpy

R ]
"

Reactant
Endothermic Process

AH>0

Write the equation for this reaction in two ways.

4 ®F PR R EFER PR R R

*F FRE B0 RERA L IR 0N B BN B N I O N

The upward arrow shows that 27 KJ of heat is ......... veveeseenenena .. fTrOmM the

L I I TD the AR E REE RA R AR R FFR AR RRR R REEFE R AR PR B RAW
......... Value because

LR L B

&R RERE BRI AEE A FER FER FER FE N TR R PR R

In endothermic reactions AHrwmalwayshasa...cooveeveiiinnn s

AH(the enthalpy change is equal to gp(the heat gained or lost) at constant pressure.
@www.thegardenludmy.mt Gﬂﬂg'fﬁﬁgl?#dﬁi
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Practice

Which of the following is correct regarding the figure below?

The reaction i1s an exothermic

Heat to surroundings

Represents the reaction that occur in the Cold-Pack

The enthalpy of the products is less than the enthalpy of the reactants

falisl UL 3lets Lo s 2000

a3 Jolal

gl Mgl

Bl B 3 a3 el ol

Al Syall had sl e B 20l (gl (snal

Which of the following is true regarding the figure

below?
lm-rm ------------------------
{
i
I- ----------------- 2F&04) e -
Product

The sign of enthalpy change is positive

This reaction is used in the Cold-Pack

The reaction is endothermic

This reaction is used in the Heat—-Pack

Tolial JCAIL (3lais Lad maaa Sl Laa (4
1 aletazl algl)
3 |
i

dsnse (Ghall spnadl i el 5L

S L 8oLl 3 Jelill 13 padsu

Bhall ale Jelil

il salsl) q: Jelall 13 aaanug

© ethe_gorden_academy ) € megardenacademy
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Which of the following is correct about the reaction with | ®sisl JSil md sl 4 - € jadaad 33 Jolid Jsa buas 40D S 6l
the equation: 4 - € ,shown in the diagram below?

I AH > 0 AH >0 A
I 1 Hprﬁluﬂl < Hﬂiﬂm HEJ-; < Hm A
. Heat flows from the system to the surroundings B A AR Ga KD ad M

{ AH
-:; J
I. ______________ C ________
A. |only LA
B.1 and Il only ki 151 .8
C. Il and lll only Bmasn C
D. 1 and lll only S8yl .0
Which of the following represents the cold pack process? 33l 32l E,a Saaad g:di Aolenll (fid gl._. Lae j
2 syl dsles
INSTANT

NH,NO3,, - NHj,, +NO3 .oy  AH,, =—27K

NH4NO3(,) + 27 k] = NHy,g, + NO3,,

NH4NO;,, +27K] — NHI(_q) +NO3,q) +27K]

NH,NO3,, — NHj,,, + NO3,, AH,,, <0

!"tht_slrﬂ!ﬂ_mﬂw ,. ﬁmtaﬂdﬂmdﬁw ’ @m.thcptdmm.ntt eumnsaanuss




Which of the following is correct about the reaction with SR i gall 4 — € ralladl 53 Jol 5 Baua 400D Ga ]
the equation: A — € ,shown in the diagram below? falial
ki AH > 0
Il H products <H reactants AH > 0 A
lll. [ Heat flows from the surroundings to the system Heow < Heoyoww Al
A ) Baal) (e JES 5 ) eI Al

' ey
|
]
|
i
|
|
!
|
]
I
I
|
]
|
]
|
]
|
|
]
|
I

Enthalpy

SN 54

>

A. lonly i | A
B. | and lll only L&) LB
C. Il and lll only B2msn .
D.| and Il only Liés1 .0

Which of the following is correct regarding the diagram (2) 5 (1) oui<ally SLdl ass)lls (Bl Lasd s qal._. Las (5l

and figures (1) and (2) below? 0ol
o e ) 55 -I --------- NH,*(6a) + NOy (oa) -
g % £ Products
53
3 -
alelazl) 35U) Reactant

The graph shows that the reaction is exothermic
and is used to warm cold hands in figure (1) (1) O A Ganld) el asind

a2y Hhall 3)la delal) of Sall ss)ll maagd

The graph shows that the reaction is endothermic
and used to warm cold hands in figure (1) (1) d<&b) A& Goa)ldl (o) dsdal

p2a2ds ghall pale delil o Sl pusl) maas?

The graph shows that the reaction is endothermic
and used to cool the leg of a person in figure (2) (2) ISl B i) Bla 2l

The graph shows that the reaction is exothermic

and is used to cool the leg of a person in figure (2) (2) SS&) A paddll Gl

sy Hliall 35l Jelal o E_J'g.,]l i)l smiin g

@the_garden_academy
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‘ 8 CHM.5.5.01.006.10 Write thermochemical equation for the changes of state (vaparization, fusion, condensation and solidification) Textbook ‘ 19,20

‘ 10 CHM_5.5.01.003.04 Define molar enthalpy (heat) of solidification, AHsolid Texthook 20

Changes of State

Process From To Endo/Exo Sign of AH
Fusion(melting)
Vaporization
Solidification(freezing)
Condensation
i K
When you step out of a hot shower, you shiver.
That is because heat is taken from your skin to vaporize the water, you cool down.

. P

Heat required to vaporize one mole of a liquid is molar enthalpy (heat) of vaporization (AHyap ).

Heat required to melt one mole of a solid substance is molar enthalpy (heat) of fusion (AHxys ).

Table 4 Standard Enthalpies of Vaporization and Fusion

Water H,O 40.7 6.01
Ethanol C,H.OH 38.6 4.94
Methanol CH,OH 352 322
Acetic acid CH,COOH 234 1.7

Ammonia NH, 235 5.60

Thermochemical equations for changes of state
HEO (]) — H;O (g) ﬁ Hvap — 40-7 kJ

This BEUBtION INAICates ENAt oo s oo b e e S R S R S S A s
H.O (5) — H,0 (|) A Hfys = 6.01 kJ

This equation indicates that ..o vee i it i e e e e e e ee e

Write the thermochemical equations of condensation and solidification of water.
CONACNSIRIONE 5o covivinin i vnsss ors sasmes o ss vis be S v s e S O S R i e SR e A SR e e o 6

Solidification:........

@the_garden_academy o The garden academy ﬂ @www.thegi rdenacademy.net 0 00971569174493



(AHvap = -OHcond ) means that they have similar...............
anid Ehfterent oo niinss s SRR TR
(AH#yus = -AHsolia ) means that they have similar ...............
and different .....ouvn e e e e
Farmers make use of the heat of fusion of water to protect
fruit and vegetables from freezing.

If the temperature is predicted to drop to freezing, they
flood their fields with water.

When the water freezes, energy (AHsus ) is released and
often warms the surrounding air enough to prevent frost
damage.

Questions about figure 10:

Which state of matter has the highest energy(enthalpy)?

Which state of matter has the lowest energy(enthalpy)?

Draw a quick diagram to help you memorize the graph

AHyap = +40.7 kJ

Enthalpy
>
o=
=
a

Figure 10 The upward arrows show
that the energy of the system
Increases as ice melts and then
vaporizes. The downward arrows show
that the energy of the system
decreases as water vapor condenses
and then solidifies.

Which of the following processes have AH positive values?

®hinge lgd AH i 35S D cldaall gl

I H;0(, = H;0,

1l H,0(, — H;0,

I Hzn{g] L Hz’ﬂ{l;.

v H,0, — H;0,,

Il and li

| and I

Il and IV

Il and IV

sl

sl

Vsl

Vsl
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Which of the data in the following table is correct?

fdaina Q_IL‘J.I J_’.J;]'I qj 5.:._,_'-_,11 Salalaldl e élll

Ghad gl sl 5l | (@hall el 3 Aglaal A
The sign of the enthalpy change The change in enthalpy Process Number
positive dinga exothermic Byl 53yl C;HsOH(s) — C;HsOH(I) 1
positive ige | endothermic 3l dals NH3(1) — NH;(s) )
negative 3. | endothermic  5)lall ials CH3;OH(l) — CH;30H(g) 3
negative il | exothermic 5l 53l H;0(g) — H,0(D 4

1 only

3.4

| .

4 only

L ]

diagram shown below?

Which of the following statement is correct according to the

Ul JLAI o e daaua A0 @il lal) (o

"
- &THM --------------
AH,qp
3 1 AH
£ g
; ¢
. . A
+
AHg .
AH, o

evaporates

A. The system energy decreases as ice melts and then

b A ol ) gl aie WAL A3 RS A

and then solidifies

B. The system energy increases as water vapor condenses

saaald A plal) Jliy B i A ABb 0 5 LB

as exothermic process

C. The vaporization of water and melting of ice are considered

5l 3t clle Bl jpaj sladl Al clle i C

considered as exothermic process

D. The condensation and solidification of water are

5 all Ba itk saead g plall B ciiles JaE D
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Which of the following statements is true regarding the Colial byuatlly ety Lo dagna 3000 Shlsed)
changes below?

1 C2HsOH() — C;HsOH(g)

2 NHs(g) — NHs(D

3 Brao(l) — Bra(s)

4 CsHi2(g) + 80,(g) — 5C02(g) + 6H0(D
Change 3 is endolhermic hall el 3 padl
In change 1, heat flows from the system Lnal) Jagll ) S e Bjlpal) Jai 1 sl 3
to the surroundings
Change 4 is exothermic Hhyall 3)lla 4 el

In change 2, heat flows from the P ) Lol dae gl g el Jiis 2 il 3

surroundings to the system

Which of the following processes are endothermic? ¢3hall Al bl bl 4_51

C2HsOH(l) — C3HsOH(Q)
CH4(g) + 20,(g) — CO,(g) + 2H,0() + 891 kJ

H,0(s) — H,0(

NaCl(s) — NaCkh

H,0(g) — H,0(D)

1,3 and 4 4531
23and 5 3532
34 and 5 5543
1.2 and 4 4,21

©) ethe_gorden_scademy | () megardenacademy @) wwwthegardenacademy.net) (W) 00971569174493
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Which of the following statements is not correct according to the
diagram shown below?

A,
1
i e
£3 |
4
AH,,
AH gy
o ¥

A. The AH values of the molar enthalpy of vaporization and the

A pall 3 a0y AL A gl 3 AL AH a8 UsS LA

molar enthalpy of fusion are positive A 90 Ml
B. The AH values of the molar enthalpy of condensation and | seaill 4d gali 5 all g ASCl 4 gl 5 ) all AH A 055 B
molar enthalpy of solidification are negative -

C. The molar enthalpy of solidification and the molar enthalpy of
fusion have the same numerical values but with opposite

signs

Al saalll Al gl 3 el sl Aadll ¢ gl €
gl ] A Gy DU A pall B ) Al dsaad)

D. The molar enthalpy of condensation and the molar enthalpy of
vaporization have the same numerical values with same sign

Al e S 2 ) 5 Al Lpimd Aadl) 5 g D
gl ] 4ty ] 4 gl § ) pall Apsad

In the below figure. The upward arrows show | cevervenneees o A dgasall e-ﬂ--utﬂ PN E TR o=
L E—
M D il i
S .f ..Hm ST —
AM, = +80,7k)
1
3 AMe= =407
: ‘
HOm
AHy, = +601k) |
AMogy= =601k
= ._w__. -
A. the energy of the system increases as ice melts SIS ey jad o8 R0 gl us dllalldfhsdy A
and then vaporizes
B. the energy of the system decreases as ice I3 dey 0 jad o8 B Jpomal e Gl 28k ynlizyl B
melts and then vaporizes
C. the energy of the system increases as water M3 ey snans 23 plall jlay 35 wn bl dflhsily
vapor condenses and the solidifies (freezes).
D. the energy of the system doesn’t change adadll 8l ysdam D
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9 CHM,5.5.01.003,05 Perform phase-change calculations using enthalpy of fusion, vagarization, condensation and salidification figure 10 + Practice problems + check your progress 20,21

Practice Problems_Changes in states
Calculate the heat required to melt 25.7 g of solid methanol at its melting point.

(AHsus°= 3.22 kJ/mol, molar mass = 32.04 g/mol)

How much heat evolves when 275 g of ammonia gas condenses to a liquid at its boiling point?

(AHcond’= 23.3 kJ/mol , molar mass = 17.031 g/mol)

The molar heat of vaporization of ammonia is 23.3 kJ/mol. What is the molar heat of condensation of

ammonia?

Water is sprayed on oranges during a frosty night. If ke Javgia SIS 1] L300 S DA JE50 e ol ) oS
an average of 29.5 g of waler freezes on each 29.5 9 s U@y 8 o 2aphs &3 el

orange, how much heat is released? Paaalill 5)ladl 408 Lad
(18.02 g/mol = ¢lall 3dsall 35S )

( molar mass of water = 18.02 g/mol )

Phase Changes for Water
AH,,, = +40.7 k)
s 4
g 3 AH, oy = —40.7 kJ
i --3. l

4

AHp, = +6.01kJ |
| AHye=—6.01k]
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Using the figure below, how much heat in (kJ) is required to 5edl e (KJ) Basgs 3y yall 4uaS La colial JSEN akaga
evaporate 156.1 g of water at 100°C? ?100°C 3)ha dny0 ic ¢l 50 156.1 @
(The molar mass of water is 18.02 g/mol) (18.02 g/mol (g5l elall 4,154l AL

AH,,, = +40.7kJ

AH, g = —40.7 kJ

Enthalpy
=g e

S S EEae

AHg, = +6.01kJ
solid = AH = —6.01kJ

W00
How much heat is required to vaporize 63.07 g | & L) (4 63.07 g 5l a1 5 ) ol LS
of water at 100 °C according to the equation ealial Alslaall U5 100 °C 50 8 43
shown below? (18.02 g/mol = slall 4 gall AL<Y)
(Molar mass of water = 18.02 g/mol) B N
HIO{I} -y HzO{l} AH"IP =+ 40,7 kl/ mol
-102.6 kJ
+81.2 Kk
-122.7kJ
+142.5k
Calculate the heat required to melt 64.0 g of solid methanol, dtleall J 380l e B4Q Lgeal 2a 33 ) adl sl
given that the molar enthalpy of fusion is 3.22 kJ/mol and 3.22k)/mol =0l ety 3 pall 551 ol oL TLale
the molar mass of methanol is 32.0g. 32g & Jsliall i sl dkell
A 322Kkl
B. 644Kk
C. 966k
D. 1288k
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If molar enthalpy of vaporization of ethanol is 38.6 ki/mol, 38.6 ki/mol = Jp&Y sl g el g sad S 1)
how many moles of ethanol are vaporized, when the required | sl all 5,88 Lave 3 8 sl (0501 0Y ga 30 50 Lad s

heat is 200.72 kJ? £200.72 K)/mol » iyl
A. 2.60 mol
B. 10.40 mol
C. 1.30 mol
D. 5.20 mol

Using the figure below, how much heat in (kJ) is released in S
freezing 229.8 g of walter?

(The molar mass of water is 18.02 g/mol)

= +40,7 k)

AH, g = —40.7k)

-
- e . - -‘*Iuﬂ-uﬂm

ﬁH{_= +G-U'| u

. h— LI I R el

f__, jpa—
i
-

85.40
68.50
47.30

76.60

Etht_prﬂm_mmy | ﬁmmmw

asull {kJ] Saagy Blall LS L ol JE2) IH.,.-
Teld) 50 229.8 Qaess

(18.02 g/mol gls elall 3d,all ALSY)
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I 11 CHIM_5.5.01.006. 09 Perform calculstions using enthalpy of combustion Example problem 4 + Practice problems 21

Combustion Practice Problems
How much heat is evolved when 54.0 g glucose (CsH1.05) is burned according to this equation?
(The molar mass of glucose = 180.18 g/mol)

CEHEDE (5) + 6 01 (g) —F 6 CO; (g) + 6 H:O(l) A chmh = '2308 kJ

What mass of methane (CH;) must be burned in order to liberate 12,880 kJ of heat?

(A H comb = -891 kJ/mol) (molar mass=16.04 g/mol)

Calculate how much heat is released by the combus-
tion of 206 g of hydrogen gas. AH___ = —286 kJ/mol

molar mass of H,= 2 g/mol

Grilling What mass of propane (C3Hg) must be
burned in a barbecue grill to release 4560 K] of heat?
The AH_y of propane is —2219 kJ/mol.

molar mass of C;Hs= 44 g/mol

@the_garden_academy o The garden academy @m.thega rdenacademy.net 0 00971569174493




Heating with Coal How much heat is liberated
when 5.00 kg of coal is burned if the coal is 96.2%
carbon by mass and the other materials in the coal do
not react? AH_,, of carbon is —394 kJ/mol.

molar mass of Carbon= 12 g/mol

What mass of sucrose C,,H,,0,; must be burned
in order to liberate 8466 kJ of heat?

8466 kJ z Y g s Al CpH30;; Sl abs L

Molar mass = 4l 4ksl

AH omp

Formula

Aauall Substance saladl

342.3 g/mol —5644 kJ /mol

cl IHﬂﬂll

Sucrose =S4

31350

228.2 @
684.6 g

171.1g

Bhall (s

Etht_prﬂm_mmy | ﬁmmmw
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What mass of methane CH, must be burned in order to fohall e 10,692 kd #15Y \gha aas Al CHy lud IS L
liberate 10,692 kJ of heat?
Molar mass #dsal &S | AHC . (k] /mol) | Formula fasall Substance 3l
16.04 g/mol -891 CHa methane sl
38549
1.37g
192 g
96.3 g

A fuel releases 1684.8 kJ of heat when 0.600 mol

of it is burned. Which of the substances listed in

the following table represents this fuel?

0.600 mol Glhal xic 5))all (e 1684.8 kJ 285 sl

Paghgll 138 Jid LGN Jgaadl A Ay jaall sgall glgil (gl .4a

Substance 3.l chemical formula Lilu)) diual AH_,, (k] /mol)

Sucrose jg <ol C12H,,01:(8) -5644

Octane (uSgy) CsHis(l) -5471

Glucose jsSslall CeH1204(5) -2808

Propane (gl C;Hsg(9) -2219
Sucrose JeoSall
Octane QESJ?I
Glucose S sial)
Propane Clig )

0 The garden academy
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What mass of propane (C;H;) in unit (g) is bumed to W i A (0) 324 (C3H;) Jhgdl AES L
release 9985.5 kJ of heat? el e 9985.5 KJ gy

CsHs (9) +50; (9 — 3002{5} ¥ ‘“'lioii}

The enthalpy (heat) of combustion of propane —2219 kdj/mol & AH_, Sl 3lial )
a8
AHcomp = —2219 kJ/mol (44.097 g/mol gl dulyall dbsll,

(Molar mass of propane is 44.097 g/mol)

110.3
198.0
154.4
66.20
Using the equation below, how much heat AHeomb sl e AHeomp 43Ul 5l 3.8 Le colial dlaleddl 1l
is released by burming 154 g of CH; methane? $CHy Ll 2154 g
(Molar mass of methane is 16.04 g/mol) (16.04 g/mol a 8.l 34,40 3ksl)

CH4(g) + 20,(g) — COLXQ) + 2H,0() + 891 kJ

5.20 x 10° kJ
6.70 x 10° kJ
4.50 x 10° kJ

8.60 x 10° kJ

!"tht_slrﬂ!ﬂ_mﬂw ,. ﬁmtaﬂdﬂmdﬁw ’ @m.thcptdmm.ntt eumnsaanuss




‘ 12 CHM.,5.5.00 002,01 Calculate, using Hess's law, the AH of a reacticn Textbook + Example problem 5 + Practice problems 23 .24, 25,26

‘ 14 CHM.5.5.02.001.01 State Hess's Law - CHM.5.5,02.001.02 Describe the rules 10 be followed to apply Hess's Law Textbook ‘ 23

Hess’s Law

Sometimes it is impossible or impractical to measure the AH of a reaction by using a calorimeter.
QS E
C (s, diamond) — C (s, graphite)

’ This reaction occurs so slowly that measuring the enthalpy change is impossible. F

Figure 12 The expression “diamonds are forever” suggests the durability of diamonds and tells you that the
conversion of diamond to graphite is so slow that it would be impossible to measure its enthalpy change.

Chemists use a theoretical way to determine AH when:
1- The reaction is too slow.
2- The reaction occurs under conditions difficult to duplicate in a laboratory.
3- The reaction produces products other than the desired ones.

Example:

25(s)+30:(g) »2S03(g) AH=?
Laboratory experiments to produce sulfur trioxide and determine its AH result in a different product

(SO,). It should be calculated by using Hess’s law of heat summation.

4 N

Hess’s law

If you can add two or more thermochemical equations to produce a final equation for a reaction, then
the sum of the enthalpy changes for the individual reactions is the enthalpy change for the final

reaction.

. P
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Applying Hess’s Law

How can Hess’s law be used to calculate the energy change for the reaction that produces SO5?
25(s) + 30,(g) — 250,(g) AH =7
You will use the following equations containing the substances S, O, and SO:;.

a. S(s) + O,(g) = SO,(g) AH =-297K]
b. 250, (g) — 2S0,(g) + O,(g) AH =198 k]

Give numbers to the substances in the desired equation.
1 2 3
25(s) + 30,(g) — 2S0,(g) AH =7
Find substance 1in equation a or b then do the required change in direction or the number of moles.

What change is required?

Find substance 2 in equation a or b then do the required change in direction or the number of moles.

Note: you must skip substance 2 here. Why?

Find substance 3 in equation a or b then do the required change in direction or the number of moles.

What change is required?

Add equations after change, AH values. Cancel any terms that are common to both sides of the

combined equation.
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Equation ¢ I
AH = —594 kJ Overall energy
change

Enthalpy

Use the diagram to write the overall equation.

Write the thermochemical equation for the formation of 1 mole of SO;.

GHROEN

~ RCADEMY

Figure 13 The arrow on the left
indicates the release of 594 kJ as S
and O, react to form SO, (Equation
c). Then, S0, and O, react to form
SO, (Equation d) with the release of
198 kJ (middle arrow). The overall
energy change (the sum of the two
processes) is shown by the arrow
on the right.

Determine the enthalpy change for
the decomposition of SO, to form S
and 0,

(8)) @the_garden_academy 0 The garden academy @m.thlprdinludm.nlt e 00971569174493




Hess’s Law_Practice problems

HESS’S LAW Use thermochemical Equations a and b below to determine AH for the
decomposition of hydrogen peroxide (H,O,), a compound that has many uses ranging from
bleaching hair to powering rocket engines.

2H,0,(l) — 2H,0(l) + O,(g)
a. 2H,(g) + O,(g) — 2H,0() AH = —572 kJ
b. H,(g) + O,(g) — H,0,(l) AH = —188 kJ

Use Equations a and b to determine AH for the following reaction.
2CO(g) + 2NO(g) — 2CO.(g) + N(g) AH =7

a. 2C0O(g) + O,(g) — 2CO,(g9) AH = —566.0 kJ

b. N_(g) + O_(g) — 2NO(g) AH = —180.6 kJ
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CHALLENGE AH for the following reaction is —1789 kJ. Use this and Equation a to determine
AH for Equation b.

4Al(s) + 3MnQO_(s) — 2ALO(s) + 3Mn(s) AH = —1789 kJ
a. 4Al(s) + 30,(g) — 2Al,0,(s) AH = —3352 kJ
b. Mn(s) + O,(g) = MnO_(s) AH =7

Calculate Use Hess'’s law to determine AH for the
reaction NO(g) + O(g) — NO_(g) given the following
reactions. Show your work.

0,(g) — 20(g) AH = +495 kJ
20,(g) — 30,(g) AH = —427 kJ
NO(g) + O.(g) — NO_(g) + O.(g) AH = —199 kJ

@the_garden_academy 0 The garden academy
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Use Hess’s law and the following thermochemical
equations to produce the thermochemical equation
for the reaction C(s, diamond) — C(s, graphite). What
is AH for the reaction?

a. C(s, graphite) + Ox(g) — COx(g) AH = —394 K]
b. C(s, diamond) + O,(g) — COx(g) AH = —396 K]

Use Hess’s law and the changes in enthalpy for the
following two generic reactions to calculate AH for

the reaction 2A + B,C3 — 2B + A,Cs.
2A +5C, — A,C3 AH = —1874 K]

2B + 5C, — B,C; AH = —285K]
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What is the value of AH for the following reaction? quhll Jelall AH das L

Use thermochemical equations (a,b and c) shown below: talial dauagall (Cyb ¢ @ )i lpal) Adluas) ¥ alaall ariau)
b.  Hyg +;0;4 — H;0, AH = —285.8 K]
C. HZ{g) + S(!} —y HZS(G] AH = -20.6 kl
-1124 kJ
-603.2 kJ
-562.0 kJ
Using the following equations: :a Bl SV aleall Landnit
CZHd{g] + 302[9} ——e 2002{9}+ :Hzcm . AH = -1411-1 kJ
1
Hz[g} + E U;{m e Hzﬂm “ AH= '235-3 kJ

C:Heg) + 5 Oz ——» 2COzq)+ 3H,0p . AH = - 1560.7 kJ

What is the change in enthalpy AH of the reaction P(kJ) Bangs olial Jelinll AH gl (s8ad o ol lada La
below, in units (kJ)?

Cqug} + Hg(g} e CZH.ﬁtﬂ" AR =7
-136.2
+153.5
+175.4

—&1 53
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GHROEN

~ RCADEMY

What is the enthalpy change A H for the reaction sl Jelanll AH )l (ggiaall g: il lada La
below?
Est(g} +302{g) —_— szo(“ ;5 2802(9) ’ ﬂ.H = ??
using the following equations: 2ALIG Y alaad) Laads
S{s} +02{g} — SO;{QI VA an = =296.8 kJ/ﬂ'lﬂl
1
HZ{g] + > 02{9} — H20{|] : ﬂHﬂf - —285.8 kJ/mn]
Hz{g] + S{g‘j R e H;S{g} ,ﬂHu[ - -20.6 kJ/mﬂl
-1206.4kJ
-562.0kJ
-603.2kJ
-1124 kJ
Using thermochemical equations, 1,1l and Il below, csal g 11 41 A hall Ashesll O aladll Gadns
What is the AH® value for the following reaction? ?L_,mn Jelell AH® A L

CIF(B) -+ FZ(g) — ClF3(g) AHn =7

! ZDFz[l] - DI{'E] -+ ZFZ[E} AHH = —49.9 kl

]

| 3 °

-188 kJ

+422 kJ

+394 kJ

-139 kJ
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13 CHM.5.5.02.006.03 Calculate, using the standard enthalpies of formation, the Enthalpy of a reaction, AHrn

Textbook + Exampde problem & + Practice problems

The summation equation

Summation Equation

AH° = YAH? (products) — XAH? (reactants)
rxmn

&H‘:‘ . represents the standard enthalpy of the reaction.

Y. represents the sum of the terms.

AH? (products) and AH? (reactants) represent the standard enthalpies of formation

of all the products and all the reactants.

Note: Always remember that AHr of any element is zero

Apply this formula to this reaction.

H,S(g) + 4 F. (8) —» 2 HF(g) + SFe(8) AHrn=2

Compund | AHf
HF -273
H>S -21
SFe -1220

Use standard enthalpies of formation to calculate AH’«n for the combustion of methane.

CHy (g) +20; (g) — CO; (g) +2 H,0 (l)

@the_garden_academy 0 The garden academy

Known

AH: (CO,) = —394 kJ
AH: (H,0) = —286 kJ
AH®(CH,) = =75 kJ
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Use standard enthalpies of formation to calculate AH", for the following reaction.

4 NH3(g) +7 0. (g) — 4 NO, (g) + 6 H,O(l)

Determine AH’comb for butanoic acid, CG3H,COOH(I) + 5 O, (g) — 4 CO, (g) + 4 H,O(1).

Use data in the table and the following equation.

4 C(s) + 4 H,(g) + 0, (g) — GH,COOH(I) AH =-534 kJ

Compund | AH{
NH; -45.9
NO; 33.2
H.O -286

Compund | AH¢
CO, -394
H.O -286

37. CHALLENGE Two enthalpy of formation equations, a and b, combine to form the equation for
the reaction of nitrogen oxide and oxygen. The product of the reaction is nitrogen dioxide:

NO(g) + 50,(g) = NO,(g) AH®, = —581kJ

a. 3 N,(g) +50,(g) = NO(g) AH’= 913 kJ

1
b. 5N,(g) + O,(g) — NO,(g) AH; =7
What is AH" for Equation b?
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Using the heat of formation values in the table below, Jelil AHy, st Lo cslial Jeand! oot CsSl Bl 2l ladiiu
what is the amount of AH%,, for the next combustion o il
reaction? ke
CH;COOH + 2055 ———»2C0y + 2H,0p  , AHYy, =7
CH,COOH, | H.0, | COy Substance L)
-484.9 -286 -394 A Hy kgl 3
kJ/mol
standard enthalpy of
formation
+771 kd/mol
+680 kJ/mol
=875 kd/mol
-820 kJ/mol
Using the values of standard enthalpies(heat) of formation AH yp das Lo colia) dadlidl) (06Kl 5ylpn a8 Laddius
below, what is the a.l-l:.m value for the following reaction? ¢ A0l Jelall
CsH1206(s) H,0() COy substance 5L
-1273.3 -285.8 -393.5 (kJ/mol) ﬂH}
1901
-2803
594
5349
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If the enthalpy change of the following reaction

is —1368.4 kJ

C,H5sOH) #3054

What is the enthalpy of formation of C;HsOHy,

* GRRDEN
RCADEMY

L Jelall ghall gadl il oIS 1y

~1368.4 kJ 5

—» 2CO, + 3H,0;

CoHsOHpy (2585 5la Hlara Lad

HO, | COy Substance 5.
-286 | -394 | AH Zuld sl se
kd/mol

standard enthalpy of
formation

+173.8kJ/mol

—=277.6kd/mol

+142.9kJ/mol

~102.1kJ/mol

Using standard enthalpies of formation table below

sloal Zusclitll oSl Blom o8 ot Lardnil

sl | AH; (ki/mol)
Substance
NO, 33.2
H,0,, -285.8
HNO; g, -207.4
NO,, 91.3

What is the  AH, ., value for the following reaction?

3NO; g + Hy0(y = ZHNO3(,q) + NO(y)  AHpy, =7

e Jolial AH],, iad Le

+136 kJ
-137 kJ

+ 368 kJ

=506 kJ
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15 CHALS. 5.02.006.02 identify the standard enthalpy (heat] of formation of a free element in its standard state Textbooks fiqgurels 19,27 18

Standard Enthalpy (Heat) of Formation
The standard enthalpy (heat) of formation (AH¢) is defined as the change in enthalpy that
accompanies the formation of one mole of the compound in its standard state from its elements in

their standard states.
Example: S(s) + g 0.(g) — SO;(g) AHf =-396 kJ

The standard state of a substance means the normal physical state at 1 atm and 298 K (25°C).

The standard state of ironis .......c..c.cc....., formercury is .o e vvvcneenon o, foroxygenis o ceean e

Where do standard heats of formation come from?

Standard Heats of Formation

Elements in their standard state have a AHs of 0.0 kJ. The
experimentally determined enthalpies of formation of

compounds can be placed on a scale above and below the

elements in their standard states.

Enthalpies of formation from experiments

% N: (g) + 02 (g) — NO: (g) AHf = +33.2 kJ

The standard enthalpies of formation for nitrogen and %

OXYEEN ATE cuuseusivie s Lhnbaans %

ThiS reactioN IS «.csvevivsssnes sesssinss oos JOTORME Ite o Sas S8, S AH; (S03)
vus sesuis CTEROUE

The energy content of the product NO, is................. than

the energy content of the reactants N, and O,.
Write the equation for the formation of sulfur trioxide

(S03).

Figure 15 AH; for the elementsN,, 0., and S is
0.0 kJ. When N, and O, react to form 1 mole of

NO,, 33.2 kJ is absorbed. Thus, AH? for NO, is
+33.2 kJ/mol. When S and D? react to form one
mole of SO,, 396 kJ is released. Therefore, AH? for
S0, is —396 kJ/mol.

TS FEACHDN 1S «consuumansnancussmiswsss s oy S8 Tk Predict the approximate location of water on the
scale. The heat of formation for the reaction

ceruense. @NETEY. H.{g) + = 0,(g) — H,0(1)is AHe = —286 kJ/mol

The energy content of the product SO3is ......ccuuates

than the energy content of the reactants.
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Practice_Heat of Formation
Interpret Scientific lllustrations Use the data below

to draw a diagram of standard heats of formation

similar to Figure 15, and use your diagram to deter-

mine the heat of vaporization of water at 298 K.
Liquid water: AH? = —285.8 kJ/mol
Gaseous water: AH| = —241.8 kJ/mol

I--__ | 1 o P Al(s), Cly(g)
3

£

-

ﬂxﬂ_

[

L_ ey § 7 T, SNSS———— AICla (s)
® Figure 25

Use Figure 25 to write the thermochemical equation
for the formartion of 1 mol of aluminum chloride (a
solid in its standard state) from its constituent
elements in their standard states.

Which of the enthalpy changes in the following
reactions does not represent a standard heat of

formation M} ?

3
Sts) 5 Oz(g) = S03g)

S(s) T 3 Fyg) = SFe(g)

1
NOgg) +5 Oz¢) = NOy

1

1
5 Hag) +5 Fyg) = HE (g

2

aull eDlolall A ghall gl (3 bl e gl
® AHp ould 008 Bha Jiad Y

AH; = —396 K]

AH; = —1220K]

AH; = —58.1 K]

AH; = —273 K]

@the_garden_academy 0 The garden academy
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Which of the following thermochemical equations is Salial A e 2 dapaa LU L)haldl SVl 41

correct based on the figure below?

AH? (k)/mol)

AH{ (S0,

=396 J’ ------ ~-504g)

Ss) + Ozg) » SOy , AH% = -396 kJ

S(., + ';' 02(” — 803(') " ﬂ,Hoi - =306 kJ

Nm] + Om' > NO;(" . HO' - +33.2 kJ

@m _garden_academy | ﬁmmmdmy @m.tlnpfm.ntt_ euusnsﬁsnuﬁ
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1 only

2 only
1 and 3
3and 4

Regarding the compounds in the figure below, which of fdaae L5 SYald ‘ﬁ olial SN o SLSHalls Bty Lo

the following equations is correct?

AH?(50y)

39 l 5050
. s

1
ENz(g) + 02(9) + 332 kJ —— Noz(g)

3
S(s) : > 02(9) +396 ki —» 803(9)

S+ 5Oxg) ——> SOsq), AH" = =396 kJ

>Nag) + Oz —» NOyg) , AH® = — 33.2 kd

daid 1
Lis 2

55 4
4,3
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Which of the AH values given in the following reactions
represents the standard enthalpy of formation

danlall) cpagsl) Bia B AUl el A slaad)) AH a3

¢ NO: .S,all AH,
AH | of NO: compound?
1
ENI(‘} + 03¢ = NOy(, AH = +33.2 K]
1
NO( + EOI(:} - NOy(y AH = —-58.1K]
AH = —199 K]
AH = +33.2 K]
AH = —58.1K]
AH = +66.4 K]
Which of the enthalpy changes in the following 5l e 4l cdle Wil 4: Ghall Gaadll q.a Silyaadll g Lﬁi
reactions represents a standard heat of formation “(A H,") U TP

(AH) 2

2Fe,0y5) —» 4Fe) + 30,5 . AH = 1625 kJ

ot %Gziﬂl —— COyq , AH=-283 kJ
% Nyg) + Oz ——» NOyq , AH=+33.2 kJ

!"tht_sm!ﬂ_mm_j ﬁ‘hea:rdenmdemy | @m.thcprdmuldm.m_t euusnsﬁsnuss




Which of the following represents the standard enthaipy of
formation for the compound formed in the following reaction?

) MH.‘:ﬁW&ME

L 200, + 0y, = 200y, AH =~ - 568 k)
b Nyg + 205y ~ N0y AH = + 66.4Kk]
¢ Mg+ iRy = Wy AH « - 273K
d S50y, + H;0, - H,S0,, AH « - B14 K]

represenis both standard heat of combustion and
slandard heal of formalion?

Which of the enthalpy changes in the following reactions 5la S 300 clielall 2 glhall sfaddl 3 shuadll e gl
Tl Gl (sS5 Bilng Al 3l

1 2S0;() + Oz —» 2503, . AH =792 kJ
2 2C0g + 2NO () —— 2CO0y4 + Nyg . AH=-385.4 kJ
3 Hag + 1 Oa —>H0p . AH = -286 kJ

4 Hyg) + 1 Oyg —» HO . AH=-242kJ

@m_sﬂﬂm_mﬂw ) ﬁmmm
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I 16 CHM.5.4.01.020001 Calculate the sverage reaction rate using the experimental data Textbook + Example problem 1 + Practice problems 46,47, 48,49

Expressing Reaction Rates

The average rate of an action or process is defined as the change in a average rate =

given quantity during a specific period of time.

Reaction: i - &

Figure 2 Over time, the reactant changes to a product. The rate of a chemical reaction can be expressed as
a change in the number of moles of a reactant or product during an interval of time.

Notice that the amount of thereactant .......................as the amount of product .........................

-
The reaction rate of a chemical reaction is generally stated as the change in concentration of a reactant

or product per unit of time, expressed as mol/ (L - s).
\

N

Brackets around the formula [NO] represents the........cccceveeieeiiniiriiiien e ceicen e ceenen eenens o OF NO.

Example
If the initial concentration of NO is 0.000M and 0.010M two seconds after the reaction begins.

Calculate the average rate of NO in this reaction.

CO (g) + NO: (g) — CO: (g) + NO (g)

@the_garden_academy o The garden academy @m.thep rdenacademy.net 0 D09T71569174493




When the rate is measured by the consumption of a reactant, the value will be negative. Why?

Average Reaction Rate Equation

Alreactant]
At

Alreactant] represents the change in concentration of a reactant.
At represents the change in time.

Example
In a reaction between butyl chloride (C;H4Cl) and water, the concentration of C;HyCl is 0.220M at the

Average reaction rate = —

beginning of the reaction. At 4.00 s, the concentration of C;H,Cl is 0.100M. Find the average reaction

rate.

Use the data in the fnllnwing table to calculate the average reaction rates.

0.030 0.050 0.000

4.00 0.020 0.040

1. Calculate the average reaction rate expressed in moles H, consumed per liter per second.

2. Calculate the average reaction rate expressed in moles Cl, consumed per liter per second.

3. If the average reaction rate for the reaction, expressed in moles of HCl formed, is 0.0050
mol/(L.s), what concentration of HCl would be present after 4.00 s?
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Average Rate_ Practice
Calculate the average rate of a reaction between
hypothetical molecules A and B if the concentration
of A changes from 1.00M to 0.50M in 2.00 s.

How would you express the rate of the chemical
reaction A — B based on the concentration of
Reactant A? How would that rate compare with the
reaction rate based on the Product B?

In the gas-phase reaction, I, + Cl, — 2ICl, [I;]
changes from 0.400M at 0.00 min to 0.300M at

4.00 min. Calculate the average reaction rate in
moles of I, consumed per liter per minute.

In a reaction Mg(s) + 2HCl(aq) — Ha(g) + MgClx(aq),
6.00 g of Mg was present at 0.00 min. After 3.00 min,
4.50 g of Mg remained. Express the average rate as
mol Mg consumed/min.

If a chemical reaction occurs at the rate of 2.25 X 102

moles per liter per second at 322 K, what is the rate
expressed in moles per liter per minute?
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Using the experimental data in the following table, Daads Je il de pus Jasgia IS 13 ¢ G Joaad) A dausedll ClL Laadsud
if the average reaction rate for the reaction, expressed in 0.05 mol/L.s (g5l a3l NO ige daey e
moles of NO formed, is 0.050 mol/L.s , what concentration of ?0.100 s 2 NO €5 L

NO would be present after 0.100 s?

+ O,(g) = 2NO(g)

ul !l | EL&'. I 5 *% ; \l
0.500
0.450
0.005
0.5
0.2
0.02
In the gas — phase reaction (I, + cl, ——» 2iCI lza-m&E;- 21c1 W Jelal
[I, ]Jchanges from 0.400 M at 0.00 s I 0.00 s 2z 0.400 M ;_,.. I, 3¢l 385
to 0.300 M at 4.00 s. 4.00 s o 0.300 M )

What is the average reaction rate over
fmOl/L.S 5aag daslaall Auayll 558l Pla Jeldll 4o ju auigic Lo

0.0250

the given time period expressed in mol/L.s?

0.0350

0.870
0.690
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In the gas—phase reaction : [ L Ol AoTCe1

[1,] changes from ().400M at (.00 min to (.3840 M
at 4.00 min.

What is the average reaction rate in moles of |, consumed

per liter per minute?

0.3840 M ) 0.00 min xie 0.400 M e [I,] s

4.00 min oo
ASlgid 15 ey Jelll de ju Jagio Lo
¢aady U<l

+(.004 mol/(L.min)

- 0.004 mol/(L.min)
+(0.01 mol/(L.min)

- 0.01 mol/(L.min)

What is the average rate of a reaction

between hypothetical molecules X and Y
if the concentration of X changes from

1.00 M to 0.05 M 1n 2.00 s?

A. 0.233 M/s
B. 0.475 M/s
C. 0.125 M/s

D. 0.95M/s

Al Y1 bl ) s Jo ) Ao g Jau gl Lo
TOOM s o X S5 050 YsX
200s £005M

0233 M/s . A
0475M/s.B
0.125M/s.C
0.95M/s .D
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17 CHM.5.4.01.002.03 List the two conditions, scoording to the colliston theory, that must be met for a collizion between reactant molecules to be effective in producing Textbook + fiqures 3 , 4 49, 50
new chemical species
18 CHM.5.4.01.022.03 Describe the relationship between activation energy and rate of the resction Textbook + fiqure 5, 6 52

Collision Theory

Collision theory states that atoms, ions, and molecules must collide in order to react.

Predict why a collision between two particles is necessary for a reaction to occur.

" R R R R R AR EER R R RRR FEE R EE R R R R R ERE AR R R R R R O FRF AR R FREF R R FRE R R R R R R AR FRE R R R R R R R A R FFR R

®E® FEFF BRE BEEF R E A R FEEFR FER EERSER AR FEE REREF FEEF BERE OREE A R FEF FEE SR FAR A FERE R F RRE REE RESE A E R FEFR EER FFE BEEFRRE FEF RS R FEE FEREER S -

Collision Orientation and the Activated Complex
Consider this reaction CO(g) + NO:»(g) — CO:(g) + NO(g)

.Carbnn o b
‘ Nitrogen . c . 0 . Q . Q
— A ) — dfp— e—

@ Oxygen

Collision Rebound Collision Rebound

Incorrect orientation Incorrect orientation

D’ G S+ o« O«
—_— -+ — - .  —
Collision Activated complex Products Collision Rebound
Correct orientation Correct orientation
but insufficient energy

Figure 4 This figure shows four different collision orientations between CO molecules and NO, molecules.
The collisions in a and b do not result in a reaction because the molecules are not in position to form bonds.
The molecules in ¢ collide in the correct orientation, and a reaction occurs. Although the molecules in d are
also in the correct orientation, they have insufficient energy to react. It is a combination of collision orienta-
tion and the energy of the collision that determines if a collision will result in a reaction occurring.

In this reaction, the carbon atom in a CO molecule must contact an oxygen atom in an NO, molecule. A

temporary bond can form between carbon and oxygen.
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What are the conditions for a reaction to occur?

2-

An activated complex (transition state) , is a temporary unstable arrangement of atoms in which old

bonds are breaking and new bonds are forming. It might form products or might break apart to re-form

the reactants.

What is the formula of the activated complex in the previous reaction?

Activation energy and reaction rate
The minimum amount of energy that reacting particles must have to form the activated complex and

ead to a reaction is called the activation energy (Ea).

)
Activation

@ «*

—

I CO(g) + NO(a) SR
) = S S
E Reactants T
L
Energy
eleased @ -»
by reaction
l CO,(g) + NO(g)
Products
Reaction progress sl

Exothermic reactions Endothermic reactions
Energy of Reaction Energy of Reaction

. Activated

whctwated complex “ complex

@’

CO{g) + NO4(g)
T Products
Activation
. u energy Energy
absorbed
. by reaction

CO(g) + NOla)

l

s Energy ﬁ

Reactants

—— Reaction progress sy

Figure 5 When an exothermic
reaction occurs, molecules collide
with enough energy to overcome the
activation energy barrier. They form
an activated complex, then release
energy and form products at a lower
energy level.

Figure 6 In a reverse reaction,
which is endothermic, the reactant
molecules are at a lower energy
than the products. To react, the
reactants must absorb enough
energy to overcome the activation
energy barrier and form higher-
energy products.

This reaction has ...........
.o ....... amount of energy is required.
More collisions have the required energy

TRETESE B T (S rnssscniviputlih o suwess

....... activation energy.

This reaction has .................. activation energy.
.o ....... amount of energy is required.
Few collisions have the required energy

The TeaCtEI TALe S v i svsiise

Compare Figures 5 and 6 to determine whether the activation energy for the forward reaction is
larger or smaller than the activation energy for the reverse reaction.

iiiiii EES BER FE N R RS AR AR RRE PR AR AR AR R R FE R SR

o The garden academy
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Practice_Collision Theory

Using the two figures below, which of the following is correct?

Energy of Reaction

e l'll.hll—-

— il —

AleLaalt shgli
—— S Ll e e —
Reaction progress
il Baure (1
Energy is released in figure (1) while energy is absorbed (2) J<& B al oaia Laiy (1) J<a o Al sllan
in figure (2)
Energy is released in figure (2) while energy is absorbed (1) J=an 5 dEl et Laiy (2) Jsih A dll slln
in figure (1)
The activation energy in figure (1) is greater than the activation (2) JS& 3 Laplull d3la (g (1) Jsan o Sl a8l
energy in figure (2)
The activation energy in figure (1) equals the activation energy (2) J<& A daplll d8U Lg_qui (1) J<a A Lol a8l
in figure (2)
0L (d) pel) B Crigall adlealll 08 SliasS JElG @l ¥ 1
Why the collision fails to produce
a chemical reaction in the figure (d) below?
' Carbon 2 b
) v S’ &« ®3 &g
P CE g
<
D’ S’ S - O P S«
" Collision Activatpd olksion “Rebound
by i g n e A
Vv
A. Incorrect orientation e b sladyl A
B. Correct orientation Faaua tlady) B
C. Insufficient energy adls 42 A, ¢
D. Sufficient energy adis 4l p
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Which of the following is correct regarding the reaction

represented by the graph below?

Yalie

I; TR
3]

o
OELYSS

You

4 3 2 1
- Jasinll 3l Jelad je Apalll AL
H:J::a Activation energy Eneru:eieaaed by CURL A
Reaclanls
reaction
il : sol A3l |
Lol 3y Jelall e Al A5 Jaz il =l .
Reibiid Energy released by Activation energy Products
reaction
il Al alytd Jelad ce dealih AL
alelnd 3l
Aclivation energy Products Energy released by c
Reactants I
sl sl
Energy released by Products Activation energy D
Reaclants

Which of the following is correct regarding the two
figures(l and 2) below?

| e Laalt sl Beactants

— AU e —
Reaction progrea

Fiqure 2 5201

In figure | the reactant molecules collide with enough
energy lo overcome the activation energy barrier
and form higher energy products

The activation energy in figure | larger than activation

energy in figure 2

The reaction in figure 2 is exothermic,

falial (251)ulally 3l Losh prunes L La 6

|
|

~ RCADEMY

d © © f

eolial Sl acells Jiadll Jelially 3laiy Lash s b Laa (6

Products. £y’

eeee— e Ll e —

il 1S Uy clelindl iy alass | JS3V b
28 e (s die iyl (ySay laptind Wil ala e

2 JSAN A dapltall Als (e a8 | JSED 3 Laptall 0l

Reaction progress

Fiqure 1 520

hall 3l 2 JKEN 3 Jelid

while the reaction in figurel it is endothermic phall ale 1 JS3 3 el Ly

In figure 2 the reactant molecules absorb enough energy
lo overcome the aclivation energy barrier and form higher

energy products

linl] A Al el Slise e 2 S
oA Bl 3 ol K5, latall Ul Gala e

@m.thcprdlnuldmv.mt e D09T71569174493
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19 CHM.5.4.01.005.05 Explain how the exponents in the rate equation for a chemical reaction relate to the coefficients in the chemical equation Textbook 65

First-order reaction rate laws

Rate = k[A] — Rate = k[A]’
The reaction order for a reactant defines how the rate is affected by the concentration of that reactant.

Rate = k[H,0,]. The decomposition of H,05 is said to be first order in H,0,. What does it mean?

P EFFFF SR FERP P FERPF 4R P FEFF IR F RSP EER IR EEFFF R FFFIRFFFPFFEFFFFFFFEFFRPEIRRPFIRFEFATFFET AR ERP AR PSR EFF SRS IRFFFFPFERPFFE R FFFTFEF TP E S P FFE IR FFFFFEFRPRIRFFF SR FER TR F R FFRPE4ERP -

The graph shows a direct relationship between the concentration of H,0, and the rate of the decomposition. Complete this table.

[H,0,] (mol/L) Initial reaction rate x 10° (mol/L-S) Initial Reaction
= Rate v. [H,0,]
1.00 =) . _ |
X
2 0600}
2.00 5w
S5 0400
ZE
3.00 @ ~ 0.200
o
: _ £
Thie rate constant ke IS PQUATTOERE ... ..o s B of the line. = TR
Get It? [H205] (mol/L)

If the reaction order for a reactant is first order, how will the rate of the reaction change if the concentration of the reactant is tripled?
Other-order reaction rate laws

The overall reaction order of a chemichal reaction is the sum of the orders for the individual reactants.

Many chemical reactions, particularly those that have more than one reactant, are not first-order.

Consider this general form aA + bB — products a and b are coefficients

The General Rate Law

[A] and [B] represent the concentrations of reactants A
and B. The exponents m and n are the reaction orders.

rate = k[A]"[B]"

The rate of a reaction is equal to the product of k and the concentrations of the reactants
each raised to a power (order) that is determined experimentally.

If the reaction between A and B occurs in a single step (and with a single activated complex) does m=aand n=b.

However, 5ing[e-step reactions are not common.

If 2NO(g) + 2H,(g) — N,(g) + 2H,0(g) rate = k[NOJ? [H,]

Is it a single step reaction? .......................... because ..........c.cc.........

The reaciion is desmbR g AS soaw sy OTOEE T N ot arderin Ho it vwmasssmannenmmmsi order overall.
If INO] doubles, therate .........c.ccooooevvevvvevvcvcveecvceceseee If [H3] doubles, therate ...,

If one of the reactants is not part of the rate law expression, changing the concentration of that reactant will have no effect on the

rate of the reaction. The exponent of this type of reactant would be ......................... and it's not written in the rate law expresssion.
@the_garden_academy 0 The garden academy @www.thegardmludmy.net 0 00971569174493
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Practice

Assume that the rate law for a generic chemical
reaction is rate = [A][B]°. What is the reaction order
in A, the reaction order in B, and the overall reaction
order?

Consider the generic chemical reaction: A + B — AB.
Based on experimental data, the reaction is second
order in Reactant A. If the concentration of A is
halved, and all other conditions remain unchanged,
how does the reaction rate change?

Suppose that a generic chemical reaction has the rate
law of rate = [A]4[B]? and that the reaction rate under

a given set of conditions is 4.5 X 10™* mol/(L « min).
If the concentrations of both A and B are doubled
and all other reaction conditions remain constant,
how will the reaction rate change?

(8)) @the_garden_academy 0 The garden academy @m.thlprdinludm.nlt e 00971569174493




The chemical reaction -

2ZNO(g) + O2(g) = 2NO2(g)

has the following rate law Rate = k[N0]?[0,]

if the concentration of NO decreases by half, what

happens to the reaction rate?

Rate = k[NO]?[0,] Jull de,udl (538 &)
¢ Jelill dejud tiany e cciail) ) NO 35 i 13)

Reduces to one-half caill a2
Becomes double Ciaall moa
Reduces to one—quarter al) J ais
Remains the same s LS a5

The rate law for a certain reaction:

is Rate = Kk[A][B]?

if the concentration of B is halved, and all other conditions remain

unchanged, how does the reaction rate change?

Decreases to a quarter of the initial reaction rate value

Quadruples (increases 4 times)

Decreases to half of the initial reaction rate value

e Jeldl de pull 5gld

Rate = k[A][B]* s

¢ dnl (gAY Cag ) JS cung Ciualll ) B 35 B 1)
¢ delll de pe pua® as

301 eyl dad gy ) B

il e E:'Ji e Lah

aSln! depudl dad Cias I B

Doubles el
| The rate law for the decomposition of - H;0; &5 Joli 1‘:’..?*-“‘0)3‘! & Jl"é
H:0; is expressed by LS IERRIE -
Rate = k[H:0:]" Rate = k[H.0:]"
How the chemical rate changes if the SR oadddl 13) Je il A8 e 5SS S
H20: concentration decreases to one- feaadl JI H20;

half?

A. Increases by one and half

B. decreases by one-half
C. Increase by one-half
D . No change

widi B pa Janas iy | A
il Jaeas JE B
iial]) Janas dla s . C
sy D
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CHM.5 40100602 Use the method of initial raves to write rate law of reaction Textbook + Practice problems

Determine Reaction Order

The method of initial rates determines reaction order b}l comparing the initial rates of a reaction carried out with varying reactant

concentrations.

Consider the general reaction aA+bB— products

0.100 0.100 2.00 X 10°°
2 0.200 0.100 4.00 x10°°
3 0.200 0.200 1.60 x 1072

rate = k[A]"[B]"

We need to find the exponents of [A] and [B] by choosing two trials to compare each time.
To find the exponent of [A] . In which trials we can see [B] remains constant? ...,

Divide the higher by the lower in both concentration and rate. (Change in [A])™ = (change in rate) . Determine m

To find the exponent of [B] . In which trials we can see [A] remains conStant? ...,

Divide the higher by the lower in both concentration and rate. (Change in [B])" = (change in rate). Determine n

[ Write the rate law now: The overall reaction order is

Practice problems:

Write the rate law for the reaction aA — bB if the reaction is third order in A. [B] is not part of the rate law.

The rate law for the reaction 2NO(g) + O,(g) — 2NO,(g) is first order in O, and third order overall. What is the rate law for the

reaction?

@the_garden_academy 0 The garden academy @m.thprd:nludm]r.mt 0 D09T71569174493




Given the experimental data below, use the method of initial rates to determine the rate law for the reaction

aA + bB — products.
Initial Rate (mol/(L-s))
1 0.100 0100 | 200x10-3
2 | 0200 0100 | 2.00x10-3
3| 0200 0200 | 400x 1073

22. CHALLENGE The rate law for the reaction CH,CHO(g) — CH,(g) + CO(qg) is given by the

following expression:
Rate = k[CH,CHOJ-.

Use this information to fill in the missing experimental data below.

Initial [CH,CHO|(M) Initial Rate (mol/(L-.s))

1 2.00 x 1073 270 x 10™
2 4,00 X 1073 1.08 X 107
3 8.00 x 103
4 6.00 x 103
5 675 x 107"
6 8972 x 1™

@the_garden_academy o The garden academy @m.thcprdmu:dm_nﬂ 0 00971569174493
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Practice

The instantaneous rate data in Table 3 were obtained
for the reaction Hx(g) + 2NO(g) — H,0O(g) + N,0O(g)
at a given temperature and concentration of NO. How
does the instantaneous rate of this reaction change as
the initial concentration of H; is changed? Based on
the darta, is [H;] part of the rate law? Explain.

Table 3 Reaction Between H,(g) and NO(g)

[H5| (mol/L) Instantaneous Rate (mol/L-s)
6.00 x 103
1.07 x 102
1.93 x 102

The experimental data in Table 4 were obtained for
the decomposition of azomethane (CH3N,CH;) at a
particular temperature according to the equation
CH3N,>CHs(g) — CoHg(g) + Na(g). Use the data to
determine the reaction’s experimental rate law.

Table 4 Decomposition of Azomethane

Experiment Initial Initial
Number [CH;N,CH;] Reaction Rate

0.02M | 25x10~5mo
0.024M 5.0 x10~®mo

Use the data in Table 4 to calculate the value of the

specific rate constant, k.

At the same temperature, predict the reaction rate
when the initial concentration of CH3N>CHj is

0.048M. Use the data in Table 4.
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Given the experimental data below, use
the method of initial rates to determine

the reaction order,
aA + bB - products.

Experimental Data \

frial | nital (AJM) | itial [B)M) | Initial Rate (moli{L-s))
1 01900 000 200% 107
2 0.200 0300 20007
3 0.200 0.200 400 x 107
Al
B.2
L3
D. 4

G poad) A o aaiiae) ol A 2ll) i) 43
gl A0S 45 01 waald Ay

aA+ b g5

Al ¥ s gl | 0T el S| ST a2
[A}: IT.-I'L

Emed/ (L5

|

LBICM.

4.D

Use the experimental data in the following table.

What is the rate law for the reaction?

c Mol Jgaall A duspaall cililal) axsn

flelall de pudl (418 La

aA+ bB - C aA+ bB - C
Experimental Data 4w il <l
Ay de ) Gy 58 Sl Y S 4l
Initial Rate Initial concentration Initial concentration Trial
mol/(L.s) [B] (M) (4] (M)

8x107°° 2.4 1.2 1
4x1078 1.2 1.2 2
7.2x1077 2.4 3.6 3

@the_garden_academy

Rate = Kk[A]*

Rate = k[A]|[B]

Rate = k[A]*[B]

Rate = Kk[A][B]?
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Given the experimental data in the table below and using the Slepuddl Ay Ladiidy slisl Jgaall LR s jaill Slibull 48 e
method of initial rates. -4y
What is the rate law for the following reaction? Tl Jo il a0 ol L

(1 ol Hiow 4y alid WY (3955 22 (gl
(Hint: Any number to the zero power equals one) - i)

aA + bB — products(zy)
Experimental Data dap 23 Sl
Aoy deydl Sl S Sa S i
Initial Rate Initial concentration [B] Initial concentration [4] T::
mol/(L.s) (M) M)
2.00 x107* 0.100 0.100 |
2.00 x107° 0.100 0.200 2
4.00 x107° 0.200 0.200 3
Rate = k [A] [B]
Rate = k [A]? [B]
Rate = k [A]
Rate = k [B]
Using the experimental data in the following table, flelill depud) (gild La o JGI Jganll 4_-. A yaall Sl Laaasis

what is the rate law for the reaction?

3.00x107° 0.273 0.273

1

3.00x107° 0.273 0.546 2

6.00x107° 0.546 0.546 3
Rate = k[A]

Rate = k[A][B]

Rate = k[A]?[B]

Rate = k[B]
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Write is the rate law for the following reaction

Jelidl) de yu o il S|

aA-+hB +£¢C ——- > Products(zsidl)

A5 e 38 [C] S A[B] S U[A] PR
Initial Rates Concentration Concentration Concentration Trial
3 0.4 0.763 0.273 1
9 0.4 0.763 0.819 2
12 0.4 1.526 0.273 3
6 0.8 0.763 0.273 4

@the_garden_academy

0 The garden academy

Rate = [A]? [B]? [C]?

Rate = [A] [B]? [C]?

Rate = [A] [B] [C]?

Rate = [A] [B]? [C]
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‘ 21 CHM.5.4.01.005.02 Explain the lunction of the specific rate constant (k) in rate law equation Textbook 63

The reaction A—Bisa one-step reaction.

One-Step Reaction Rate Law

rate = k [A] [A] represents the concentration of a reactant; k is a constant.

The rate of a one-step reaction is the product of the concentration of the reactant
and a constant

The symbu[ kis the specifil: rate constant, a numerical value that relates the reaction rate and the concentrations of reactants at a

given temperature.

® K is unique for every reaction.

® K can have avariety of units including L/(mol.s), L%/{mol*s), and s™'. This unit depends on the reaction order.

The unit of the rate is concentration/time , consider the concentration is M or mol/L. Complete the table

Rate law Reaction order Unit of K

Rate = K[A]°

Rate = K[A]

Rate = K[A]?

Rate = K[A]®

- The rate law shows that the reaction rate is ..o, proportional to the molar concentration of A.

- K does not change with concentration; however, k does change with temperature.

=
A 'EH'gE VAU OF K MIBANS TRAT oottt caes s sseessa b e s eaeb s s s e s ese s s a8 essbseee s ee e s sassssass e s rsesensseaesssssrsssesaaes
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The following decomposition reaction:
2H;0,(aq) — 2H,0() + O,(g)

is first order, and the graph below shows
relationship between its rate of decomposition
and its concentration, when [H,0,] equals 1.50 mol/L

Which of the following is the correct unit of the specific

rate constant k?

Initial Reaction
Rate v. [H,0,]

Initial reaction rate x 10°
(mol/L-s)
. 8§ § B

1.00 200 3.00

[H,0,] (mol/L)

L/(mol.s) L?/ (mol’.s)

 Jull sl Jolis

2H,0:(aq) — 2H,0()) + O(g)
Aoy Oz AR il Ll i) miagag ¢ Jo¥ A3 e
1.50 mol/L (gsus: [Hz02] 05 Lavio ¢33:5535 4S5
oK duc gl dopudl cylil Aagaall Baagl s b Les

100 200 3.00
[H,0,] (mol/L)

g ! S

Which of the folowing is not true about the specific rate

constant (K)?

$(K) e gidt eyt ol 3laty Lasd Lrizio (ud (s Laa 6

a- It's unique for every reaction and has a variety of units.

dalizs Olu>gdd g Jelas (K new -a

b- It changes when concentration changes

ASAN pii aai -b

c- ltchanges when temperature changes

8yl y2dl Az s iy ki -C

d- Ithasa Iarge value when the reaction is fast

sy Jelad! 9850 Leaie ByusS dayd 4 -d

What is the unit of the specific rate constant K for a

reaction that has the rate law: Rate= K[A]?[B]

Ogild dJ s dl Jelazl (K) ds gl de puudl Zoli 5ug Pl
‘Rate= K[A]?[B] 4c yud!

a- s’

s1-a

b- L3/(mol’.s)

L3/(mol’.s) -b

c- L%/(mol.s)

L%/(mol®.s) -c

d- Mol/L.s

Maol/L.s -d

o The garden academy
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73 in:ﬁa:mmu.mmm:m nstantaneoads rate of 4 reaction from experimental data - ealeulate the concentration of a reactant using the instantaneous rate of 4 Texibook 4 E ple problem 2 + Practs b ‘ 67,68
23 CHM.5.4.01.020.08 Calculate the instantaneous rate of a reaction from experimental data Textbook + Example problem 2 + Practice problems ‘ 67,68

-Instantaneuus Reaction Rates

The instantaneous rate is the reaction rate at a specific time. It is the slope of the straight
line tangent to the curve at a specific time.

The rate of change in H,0, concentration relates to one specific point (or instant) on the
graph.

The instantaneous rate also can be determined if you know the experimentally
determined rate law and the specific rate constant.

Graph check: Identify the variables that are plotted on the x-axis and on the y-axis.

© O -
@ 0 ©O
© O ©O

[H205] (mol/L)
o
Y
o

0.20

Change in [H;0,] with Time

.

™ Instantaneous rate =

—

| .'-.-.-.-.-rﬁﬂ-—. 3

0 |
012345672891

Relative time (s)

CALCULATE INSTANTANEOUS REACTION RATES The following reaction is first order in H,
and second order in NO with a rate constant of 2.90 X 10? (L?/(mol?ss)).

2NO(g) + H,(g) — N,0(g) + H,0(q)

Calculate the instantaneous rate when the reactant concentrations are [NO] = 0.00200M

and [H,] = 0.00400m.

In Problems 31 and 32, use the concentrations given to calculate the instantaneous rates

for the reaction between NO and H, Use the rate law from Example Problem 2.

31. [NO] = 0.00500M and [H,] = 0.00200M
32. [NO] = 0.0100M and [H,] = 0.00125M

CHALLENGE Calculate [NO] for the reaction in Example Problem 2 if the rate is

9.00 x 10-5 mol/(L-s) and [H,] is 0.00300M.

@the_garden_academy o The garden academy
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Extra Practice_Final Exam Questions

Calculate A reaction between A and B to form AB
is first order in A and first order in B. The rate
constant, k, equals 0.500 mol/(L-s). What is the
rate of the reaction when [A] = 2.00 X 1072 M and
[B] =1.50 x 10* M?

- Dinitrogen pentoxide decomposes in chloroform at a
rate of 2.48 X 10~* mol/(L+min) at a particular
temperature according to the equation 2N,05 —
4NO, + O,. The reaction is first order in N,Os. Given
an initial concentration 0.400 mol/L, whart is the rate
constant for the reaction? Whart is the approximate
[N,Os] after the reaction proceeds for 1.30 h?

Automobile Engine The following reaction takes
place in an automobile’s engine and exhaust system.

NO,(g) + CO(g) — NO(g) + CO(g)

The reaction’s rate law at a particular temperature is
Rate = 0.50 L/(mol «s)[NO>]2. What is the reaction’s
initial, instantaneous rate when [NO-] = 0.0048 mol/1.?

The rate law for the reaction: A + B + C — products A+B+C-Fs : delallde )l sl
IS : :gh

Rate = k[B]?[C] Rate = k[B]?[C]

If k=6.92x10° L*/(mol-.s)
and [A]= 0.175 M, [B]= 0.230 M ,[C]= 0.315 M.

What is the instantaneous reaction rate?

k=6.92x107° L?/(mol’.s) ;s 13
[C]=0.315 M¢  [B]=0.230 M« [A] =0.175 M

1.15x107° mol/(L.s)

8.77x107" mol/(L.s)
6.41x10"" mol/(L.s)

5.01x107° mol/(L.s)
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\ 24 CHM.5.4.02.001.05 Pescribe chemical equilibrium using reactant and product concentration-time graph or particulate diagrams Textbook 77,78

Reactant and Product Concentration v. Time Figure 2 The concentrations of the reactants

[H? and N}} decrease at first, while the concentra-
tion of the product (NH,) increases. Then, before
the reactants are used up, all concentrations
become constant.

Explain how the graph shows that the
concentrations of the reactants and products
become constant.

messsssss Concentration

——— T 1Y) ——

Describe the slopes of the curves for the reactants and for the product o the left of the vertical dotted line. How do the

slopes differ on the right of the dotted line?

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

In the diagram below, what do the horizontal lines on G Oad¥! ilad) o Zady) Lagladll A1V Lo sl Sl aill 3
the night side of the diagram mean? ? Skl aill

Reactant and Product Concentration v. Time

—

Concentration

OThe concentrations of N, and H, are zero hia sld Hy o N, 3815
The concentrations of H,, N, and NH; become LA NH; 5N, s Hy 5805 ~ua

o constant

O All the reactants are converted into products a3l dlga ) Aelindl dlgddl JS Jga3 S5

O H,, N, and NH; concenlrations continue to change »all ANH3 9Ny g Hy 5815 o
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The graph below shows the change in the concentrations of
reactants, and products during the reaction of nitrogen and
hydrogen to form ammonia.

Which of the following is correct?

Concentration
s

3a3llly Ao liiall Jgall 5815 3 bl Slll aus)ll jglad
Ligad! Y Cumeyugly Cumg il Jolis Dla

The concentrations of the reactants decrease at first

e it ..-..J' ——

The concentrations of the reactants increase at first

At equilibrium, the concentrations of products decrease

At equilibrium, the concentrations of products increase

Aol 8 Aol gl 3815 s

sl algall Sl el IRV e

A3 Aol 3815 305 Y e

In the figure below, in the area indicated by the symbol A is

—mﬁ

O5Sa A el L) jliiall Alhiall 3 oliai Jeab 3

_ﬁﬂﬁ-

A - The concentration of the products equals the concentration of the
reactants

dleliall dgall 385 (golus 433U dlgall 585 — A

B - The concentration of both reactants and products remains
constant

ot A0l algally Aelid) Jgd) 3815 —B

C - The concentration of the reactants decreases and the concentration
of the products increases

2330 ogal 315 Sy Alaliid) Jsall 3818  jalllsn —C

D - The concentration of the reactants increases and the concentration
of the products decreases

ANgall 3815 allimy dleliall dgall 3815 2la'n D

L | -

e |
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Which of the following represents a chemical equilibrium state? ¢ el o) 3V e B A Les
The reverse reaction happens faster oY) Jelinll e ¢ pul el Jelioll Coay O
than the forward reaction
Both the forward and reverse reactions gSall g alall Culelidll (e JS il gy O
have stopped
The forward reaction and the reverse reaction i Ao pudly oSl Jelinll y alaY Jelinl Siaay 0O

happen at the same rate

The forward reaction happens faster eSall Jelidll e el gl Joliill Ziaay O
than the reverse reaction

Which of the following is NOT a characteristic of LS ol i) patiad G el b Laa
chemical reactions that reach equilibrium? o6 Ada J Jas A
The temperature must remain constant i) sl diden O
All reactants and products are present, e 23001 ) gl e laiall ol sl i ol - O

and they are in constant dynamic motion 4l 4850 48 a8

The reaction must take place in a closed system Bl gl 3 Jelitl Sy iy O
The reactants and products must be Aadlill o gl g Alelind) o) ) & oS5 ) ey 0O
in similar physical state Al e s 8
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‘ 25 CHM. 5.4.02.005.02 Write chemical equilibrium expression for a heterogeneous equilibrium system (Keg) Textbook + Example problem 2 + Practice problems ‘ 85, 86,87

Equilibrium Constant Expressions for Heterogeneous Equilibria

C.H.OH(l) = C,H.OH(g)

C,Hs50H(g)

Figure 8 At equilibrium the rate of
evaporation of ethanol (C,H,OH) equals ﬂ
the rate of condensation. This two-phase

equilibrium is called a heterogeneous
equilibrium. K depends only on

[C,H.OH(g)]. CoHsOH(l)

Keq =
C,HsOH(l)

This reaction is a heterogeneous equilibrivm, Why? ...t
Liquids and solids are pure substances with unchanging concentrations so the equilibrium constant, Keq, depends only on the
concentration of gases.

Write equilibrium constant expressions for these heterogeneous equilibria.

2NaHCO; (s) = Na,CO; (s) + CO;, (g) + H,O(g) CioHs (s) = CyoHs (g)
H,O(l) = H,0(g) CaCO; (s) = CaO(s) + CO, (g)
C(s) + H,0(g) = CO(g) +H, (g) FeO(s) + CO(g) = Fe(s) + CO, (g)

. CHALLENGE Solid iron reacts with chlorine gas to form solid iron(lll) chloride (FeCly ). Write the balanced equation and the
equilibrium constant expression for the reaction.
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Which equilibrium constant expression k., doesn’t fal ALl d3g jeall Ailaaskll Aslaall Jiad ¥ Kog oY) sl yud (4l
represent the corresponding balanced chemical equation?
(NH4),CO54(s) = 2NHs(g) + CO,(g) + H,0(g) ke = [NH;]?[C0,][H,0]
MgCOs(s) = MgO(s) + COx(g) keq = [CO,]
) — INbCI]INbCL]
2NbCly(g) = NbCls(g) + NbCls(g) €a = T INbCLIZ
2
20;(g) = 30,(g) E o |03 ]
- [02]3
In the following table, what is the incorrect equilibrium Jelill maaall € GV Sl jual La o JBI Jeaadl A
conslant expression for the corresponding reaction? Talila) (g3
) Syl
equilibrium constant expression Reaction  Je\al
Keq = [C;HsOH(g)] C2HsOH() = C;HsOH(g) 1
2
K= i Nxig) + 3Hs(g) = 2NHyg) .
LARLD 2H,S(g) —» 2Hyqg + Sy 3
[S2]
[N:]°[H,0]* INHyg +2NOyg = oy + 4H0g |
[N2H4)?[NO,J?
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In the following table, what is the correct equilibrium G Jelill masiall GIFEV Sl juaal La ¢ JEI Jgaadl 3

constant expression for the corresponding reaction? fall
Y oyl s el
[ H][1;]
H.(g) + 12(g) = 2HI(g) A
[ Na,CO,][CO,][H,O] 2NaHCOasls) = Na,COs(s) + CO,lg) + H,0l(g) B
[NaHCO,J’
[CH"][HI?] CO(g) + 3H,(g) = CHa(g) + H20(g) c
[CO[H,]
CacO,] (s) (s) + COlg)
_— D
(CaO] CaCO;ls) &= CaOls) + CO,\g
What is the equilibrium constant expression 'i."._’.\'t.n Jelall AIeYl b s e

for the following reaction?

C{;l + Hz(}m — CO{Q} 2 HZ(U}

[CO ][H; ]
[C [[H20]

[H,0 ]
[CO][H;]

[C ][ H,0 ]
[CO ][ H, ]

[CO ][H; ]
[H20 ]
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‘ 26 ::I-!]I.E.-l.ll]liﬂﬂi.ﬂltih.lll: the equilibrium concentration of a reactant given the concentration of other reactants, pmdul;'l'.:.'l.nd.uqulll.hrnun constant al a certain Textbook + Example problem 3 + Practice problems ‘ 87 88 89
Emperal

Example problems:

[NH;]2
[N,][H,]3

Calculate the value of Keq for the equi[ibrium constant expression Keq = given concentration data at one

equilibrium position: [NH;] = 0.933 mol/L, [N,] = 0.533 mol/L, [H,] = 1.600 mol/L.

Calculate Keq for the equilibrium in N,O, (g) = 2NO, (g) using the data [N,0,] =0.0185 mol/L and [NO,] = 0.0627 mol/L.

Calculate Keq for the equilibrium in CO(g) + 3H, (g) = CH, (g) + H,O(g) using the data [CO] = 0.0613 mol/L, [H,] =0.1839
mol/L, [CH,;] = 0.0387 mol/L, and [H,0] = 0.0387 mol/L.

CHALLENGE The reaction COCl; (g) = CO(g) + Cl; (g) reaches equilibrium at 900 K. Keq is 8.2 X 1072, If the
equilibrium concentrations of CO and Cl, are 0.150M, what is the equilibrium concentration of COCl; ?

Calculate Determine the value of K_ at 400 K for this
equation: PCI (g) = PCl(g) + Cl(g) if [PCI.] = 0135
mol/L, [PCL] = 0.550 mol/L, and [Cl.] = 0.550 mol/L.
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The reaction below reaches equilibrium at a given
temperature. Using the data in the following table,

what is the concentralion of H,S?

GRROEN

~ RCADEMY

Agea Hha A e GV A ) ol Jelidd) Loy

tH,S 1 BV 55 L o Jall Jyaall cilily Ulaga

CH,lg) + 2H,S(g) = CS,(g) + 4H,(g)

S b
H: cs: ] [CH.] Sk R
Equilibrium constant
0.0325 mol/L | 0.455 mol/L | 0.0820 mol/L 6.50 x 107
0.0310 0.425 0.845 0.165

The reaction below reaches equilibrium at a certain temperature

, Koq = 6.90 x107%, If the equilibrium concentrations are:

NbCl; = 0.450 mol/L,

What is the equilibrium concentration of NbClI,?

5.65 mol/L

4.98 mol/L

2.75 mol/L

1.69 mol/L

ONbCl, ;) = NbClyg + NbCls,

NbCIls = 0.0380 mol/L

Aisma Bha Ao 2o V) Alla I L Jelal Jea
ted oY) 38le cal€ 13 ¢ K = 6.90 x107°

®NDCI, J )Y 35 Lé
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The following reaction reaches equilibrium. If you know Sl ol Caale 13 (V) Al ) D e lE) oy
thal equilibrium conslanl K ; of this reaclion is §.54
and lhe concenlralions al equilibrium are as shown in the

lable below. elial Jgsall 3 maaly

LS S5 sie 3800 8.54 s Jeli lig) Keg V)

What is the equilibrium concentration of H,S (mol/L)? tmol/L 52ay H,S J o15Y1 585 L

CHqtg) + ZHIS(Q) = CSQ(Q) + 4“119)

2.4 %107
1.3 x 107
3.5 x10™

1.7 x 10°¢

[CS,] 0.0375 mol / L
[H] 0.0450 mol / L
[CH.] 0.0105 mol / L

At 350°C, keq = 1.67x1072 for the reversible reaction
2HI(g) = Ha(g) + 1:(g)

2.44x1073 M and [l,] is 7.18x107° M?

3.24x10° M
1.05x107° M
3.99x10° M
1.75x107" M

Sa¥) Jeliill keq = 1.67x107% « 350°C xic

2Hi(g) = Hafg) + 1:(g)

What is the concentration of HI at equilibrium if [H,] is Jatag 2.44%X1072 M ga [Hy] Hlaia €13 oY) aic HI 385 L

¢7.18%1075 M 52 [I;]
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@m.thcprdlnuldmv.mt e D09T71569174493




~ RCADEMY

The reaction 2SO, + Oyq = 2505, reaches A ) Jaay 28054 + Oy = 2S0;4) Jelall
equilibrium. If the equilibrium concentrations are: tgp OV aie HSIAl CnulS Al (Y
[SO,] = 0.0170 mol / L
0]~ 0.0230 mol / L
Keq is 4.32

[0,] = 0.0230 mol /L 5 [SO,] = 0.0170 mol / L
4.32 s Jelall 13 Keq O3V Cully

What is the equilibrium concentration of SO; in mol / L fmol / L saa; SO; J ()5EY) 5855 Lad

0.0411

0.6850
0.00536

0.9970
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27
‘ CHM. 540200304 Explain the effect of changing temperature on an squilibriam system

Textbook + figure 14 ‘ 94 .95

Changes in temperature

A change in temperature alters both the equilibrium position and the equiiibrium constant.

Every chemical reaction is either endothermic or exothermic.

EndothermiGERBans: s i W i et

"
Ermic means:
LR S A R KL LR XL SRR S ER N E SIS A RS S RS S Rt RS RS LR NS J RS SRR E SRR Rt R LRl S ERENE ES S

CO(g) + 3 H, (g) = CH, (g) + H,O(g) AH° =-206.5 k]

Write this equation ina different way

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

If heat is added to an equilibrium system, the equilibrium shifts in the

In the previous reaction, What is the effect of adding heat on the equil

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

direction in which heatis used up.

ibrium?

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Temperature and Keg

Any change in temperature results in change in Keq. The larger value of Keq means ...,

For the methane- producing reaction, Keq increases in value when the temperature ... ANd

Keq deggeases in value when the téffipetature .. B8 ...... B BB B .. ........oconenninis

A differnt example

N,O,(g) = 2NO,(g) AH® =57.2k]

Because the reactant and product are different colors, the colors of the mixture give information about how temperature affects the

equilibrium position.
N,O, is a colorless gas; NO, is a reddish-brown gas.
Removing heat by cooling in ice shifts the equilibrium to the ...............

Adding heat by hot water shifts the equilibriumto the .......................

Figure 14 When placed in a hot-water
bath (left), the equilibrium shifts in the
endothermic direction, which produces
more reddish-brown NO,. The mixture
becomes lighter in color when placed in
ice (right) because the equilibrium shifts in
the exothermic direction, in which more
NO, is converted to colorless N,O,.
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Exothermic Reaction Endothermic Reaction
L . " R - th L . . *

Equilibrium shifts to the left. t;ﬁ;er;um Equilibrium shifts to the right.

€© CO(g) + 3H,(g) <= CH4(g) + H,0(g) + heat © heat + N,0,(g) —= 2 NO,(g)
Raise the temperature.

Equilibrium shifts to the right.  Lower the temperature. Equilibrium shifts to the left.
@ C0(g) + 3H,(g) = CH,(g) + H,0(0) OfeaD) + 10,9 = 2W0,g

Lower the temperature.

In the reactions 1,2,3,4 what is the effect of changing temperature on the value of Keq?

1 3
2 4
The reaction in the equation below is endothermic. shall pale sbif Al 3 Jolial

Which of the following is correct? . 1
N204(g) = 2NO2(g) AH" =57.2K] Topmaa Fl la s

Ol a A

Sl dgn DY) Pl Sali plaa (3 Jeldll dloy aiay 2
Placing reaction vessel in a boiling-water bath the equilibrium shifts to the left

Osadll Aga V) 2 B0 3 Jell) cloy aay i
Placing reaction vessel in ice the equilibrium shifts lo the right

2 O ek aleala 2 Jeld slog a2
Placing reaction vessel in a boiling—water bath the color 2 appears

2 ol ek a3 Jeli oley puay e
Placing reaclion vessel in ice the color 2 appears
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Jg O f
The following reaction responds to changes in dlagale daylas 3)hall da n A Slhaadll JGN el Caades
temperature in a remarkable way. What happens when falll 3 Jeldll cloy auay die a3l

the reaction vessel is placed in ice?

N204(g) = 2NO(g) AH =572k

colorless reddish—brown

The equilibrium shifts to the right and the NO, 385 Jajg Guadl g3 1Y) ~15

concentration of NO, increases

The equilibrium shifts to the left and the N2O4 385 Jisg Hladl g3 GV # D

concenltration of N,O, decreases.

The equilibrium shifts to the left and becomes Ol aae maasy Hluadl g HIEY) ~ 10
colorless

The equilibrium shifts to the right and becomes saaall Sl Oslll Jlajeg Gaadl a3 OIEY) #1
reddish—brown
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The figure below shows the following endothermic
reaction at equilibrium at room temperature.
What happens if the flask were placed in an ice bath?

Co(H;0)¢""(aq) +4CT" (a9
€ )

-

a0 B O 2 JU 5hall aladl Jelil) 2lial S zag)
Szl 4 pags A d)sdll auay 5 1) Saay e Ld8pall 5)a

[

CoCIf" (aq) +6H200

The equilibrium shifts to the left and the pink color

increases

The equilibrium shifts to the right and the
concentration of CI” ions increases

The equilibrium shifts to the left and the

concentration of CoCl,>" ions increases

The equilibrium shifts to the right and the blue

color increases

Susl Oslll al2hss Hlegdl s GIEVI ~1h

CI™ 2)glSl Ciligsl 5S35 lahag Cuadl s OV 1

CoCl®™ cligd €5 dlajg Hludl gas GIEY) ~

B Gl F3ap Coaadl g3 IV 15
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28 CHM.5.4.02.003.03 Explain the effect of changing the volume and pressure on an equilibrium system Textbook + figure 13 93

Changes in volume and pressure

CO(g) + 3H,(g) = CHa(g) + H>O(g)

Consider this reaction

The reaction between Lowering the piston As a result, more molecules of
CO and H; is at equilibrium. decreases the volume and the products form. Their formation
increases the pressure. relieves the stress on the system.

Figure 13 For the reaction between CO and H, at constant temperature, changing the volume of the
reaction vessel changes the concentrations of gaseous reactants and products. Increasing the pressure
shifts the equilibrium to the right and increases the amount of product.

Explain how this figure supports the idea that, in many situations, a dynamic, condition-dependent balance
between a reaction and the reverse reaction determines the numbers of all types of molecules present.

At lowr pressure, there are ........c.ccccevueeee Product and ... reactant molecules.
At higher pressure, there are ...................... Product amig .55 ... .22 reactant molecules.
The overall effect is a reduction of the number of molecules in the reaction chamber from ................... o .=

Decreasing the volume or increasing the pressure has a relationship with the number of gas particles of reactants and products.

Compare the number of moles of gaseous reactants in the equation to the number of moles of gaseous products.

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

If the number of moles of gas is the same on both sides of the equation, changes in volume and pressure have no effect on the

equilibrium.

[ Question: "I

2NO._(g) = N,O,(g) + 57.2 kJ
(brown) (colorless)

The equilbrium between NO, and N,0, is described by the equation
What is the effect of increasing the volume of the container?

*
n the particies.
L R e T R R R R

On the color: j
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In which of the equilibrium reactions below, does b J Jelal eleg ana JiB (505 colial oY) cdlelis gl 2
a reduction in the volume of the reaction vessel result in totil A iy o 55 Y
a displacement of the equilibrium to the right and the -

amount of product increases? (A5 s ds )0 2ic)

(Et constant tEﬂ"IDEI'EtHfE)

PCls(g) = PCl5(g) + Clx(g)
CO(g) + 2H,(g) = CH;OH(g)
HAg) + Clalg) = 2HCI(g)
2N,Hy(g) + 2NO,(g) = 3N,(g) + 4H,0(g)

What is the effect of decreasing the volume of the Salial ) dakal e Jeldl) elej ana Jii 56 L

reaction vessel on the equilibrium systems below?

CO(g) + 3H2(g) = CHa(g) + H20(g) 1

H,(g) + Cly(g) = 2HCI(g) 2

The equilibrium in both 1,2 shifts to the right Caadl dga 2 91 (e JS A OIEY) 213

The equilibrium 1 shifts to the left and the total Sl &g dae 2oy Hladl dga 1 IV # 1

number of gas moles increases

The equilibrium 1 shifts to the right and the total Ol EVsa 222 Jiug Cpadl dga 1 OBV #1550

number of gas moles decreases

The equilibrium 2 shifts to the left Dbl dga 2 O3V # D
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Regarding the equilibrium systems given in the table below. bl Jgaall & 3ulell oY) dadaly sl Lad
Which of the following is correct?
H(g) + Clx(g) = 2HCI(g)
250,(g) + 02(g) = 2504(g)
N2Oy(g) = 2NO:(g)
2N2Hy(g) + ZNO,(g) = 3N2(g) + 4H.O(g)
Increasing the volume of the reaction vessel
V. 4 )Y aaly) Wl cle Al
shifts the equilibrium 4 to the left Fe sy § LIRD Sel) S e T i e )

Decreasing the volume of the reaction vessel Oeadl T Y1 da)) e Jelill clog ana LG

shifts the equilibrium 1 to the right

Increasing the volume of the reaction vessel

Osadl (M 3 V) Aal)] s Jolll clog paa 55L)
shifts the equilibrium 3 to the right

Decreasing the volume of the reaction vessel sl 02 oY) Aal) s Jolial) o paa i
shifts the equilibrium 2 to the left
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29 CHM.5.4.02.003.02 Explain the effect of changing the concentration [Adding reactants or removing products or adding products} on an equilibrium system Textbook + fiqure 12 91,92

Changes in concentration
The number of collisions between reacting particles depends on the concentration of the particles, so the chemist can change the
equilibrium by changing concentrations.

Adding reactants

Raising the concentration of any reactant increases the number of effective collisions between reactants and upsets the equilibrium.

The rate of the forward reaction increases

CO(g) +3H, (g) € CH, (g) + H,O(g)

What is the effect of adding more CO in the previous reaction?

Removing products

What does Le Chatelier’s principle predict the equilibrium will do in response to a decrease in the concentration of water?

Adding products

If additional product is added to a reaction at equilibrium, the reaction will shift to the left. If one of the reactants is removed, a similar

shift to the left will occur.

CO(g) + 3H3(g) = CHa(g) + H20(g)

Equilibrium shifts to the right. Equilibrium shifts to the left.
© > CO(g) + 3H,(g) = CHa(g) + H20(g) 6 3H2(g) - CHy(g) + H20(9)
@ Add a reactant, Remove a reactant.

R :
emove a product Add a product.

©  CO(g) + 3H;(g) = CHalg) + © CO(g) + 3H2(g) 2 CHalg) + HzO(g

Figure 12 The addition or removal of a reactant or product shifts the equilibrium in the direction that
relieves the stress. Note the unequal arrows, which indicate the direction of the shift.

Describe how the reaction would shift if you added H,. If you removed CH,.

If CHs is removed from this reaction :
Cﬂ{g} '1"" 37[:{3'.-3"1 =}'- {:H,;_,:g_': + Hgﬂ;g}
Which of the following will happen?

a. the equilibrium shifts to the right b. the equilibrium shifts to the left

c. [H;] and [CO] increases d. no change in equilibrium position
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Which of the following factors shifts the equilibrium
in the reaction below to the right?

CO(g) + 3Hx(g) + CHi(g)

Adding a desiccant to the reaction vessel

Increasing the concentration of methane

Decreasing the concentration of CO

Decreasing the concentration of H,

SRV 2L s TGN algall s
eosadl dga sl Jolinl A

+ H,0(g)

Jell sloy A chine Jalo Ailia)
Sl 355 2l
CO S5 Qs -

H, 385 Ll

In the equilibrium below, How is the increasing of

the concentration of N, gas affects the equilibrium?

Na(g) +3Hy(g) &=

Nz Camg sl Sl 55 83l 35 &S colial IV 3
TORY) Has e

2NH3(9)

A —The equilibrium shifts to the left

Dbl sad GIEY) aiage 71 — A

B — Increases the concentration of H,

Hy 385 e 2% —B

C —The equilibrium shifts to the right

Opaall 533 V) auage #hu = C

D — Decreases the concentration of NH;

NH; 35 g J - D

In the following equilibrium reaction:

What is the effect of removing O, from the
reaction vessel?

The concentration of both SO, and SO3; does not change

The concentration of SO, decreases

The concentration of SO; increases

The concentration of SO, increases

2S502(g) + O2(q)

rSEl ) Y Jelis
= 23503

?._L::Lﬁ.“ ﬂrlﬁj e 02 i.“_ﬂ _;Si s

S035S0; e 38 385 muyY Q
SOz Sriuats Q
SO; X&54% O

SO, £5mx O
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30 CHM.5.4.02.003.06 Explain the effect of a catalyst on an equilibrium system Textbook

Catalysts and equilibrium

A catalyst is speeds up a reaction, but it does so equally in both directions. Therefore, a catalyzed reaction reaches equilibrium more

quickly but with no change in the amount of product formed.

What is the effect of a catalyst on a chemical reaction in equilibrium? O e 2 SleS JolE o liadl sl
Speeds up the reverse reaction Sl &) el s pu e Ey¥
more than the forward reaction )

Sy e I iﬂu._]g.LﬁIlJ.‘.ﬂ
The reaction reaches equilibrium more quickly ek o g -

Speeds up the forward reaction S pale¥ Jolial dopus e 2
more than the reverse reaction
Changes in the amount of product formed L pSall A3l solal) daaS 3 i
Which of the following increases CH;CHO production in O Jelis A CH3CHO ~Ll 3ol ) (s08s b Lea 41

the following equilibrium reaction? ea il

C,H,(g) + H,0(g) = CH3CHO(g) AH" = —151k]J

Decreasing temperature  5)lall d5y0 mes [ ]
Adding a lot of water  ¢lall (e ahall A3l | 2
Adding a catalyst Hlaa Jale 48l

3
Adding a desiccant e Jale A8l [ 4
S

Increasing temperature Hhall d3)) a3,
1 and 4 4,1
1 and 2 2,1
3and 4 4_9 3
4 and 5 554
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