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Textbook + table 1 + Example problem 1 + Practice
CHM.5.5.01.001.07 Perform interconversion between units of temperature and heat pep

problems
. . M . * s ® . w e ' " - " .
How much energy in joules is supplied by a ?170 Calg 35 o) A b Ly 55 A (1) s San gy 40D e L
breakfast containing 170 Cal?
170 J O
7.11x10%J O
1.7 x10%J )
7119 O
Which of the following statements is true about the eolial Jganll o CASAIL Blaty Lead daaa o G Shlald) __;‘
— e figures in the table below?
e e
5.0 x 10° J
Y X
The energy in X is greater than in Y Y 2 leia sl X > A3l
The energy in Y is 3.6 x 10° J 3.6 x 10° J (slLi Y _3 &
The energy in X is 355 Cal 355 Cal (gls X 3 dsul
The energy in Y is greater than in X X B leia Sy > A3l
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Which of the following contains the highest *Cal Azl cildl S eS8l Lo g i Lee v

nutrifional Calories?

Learning Outcomes Covered

o CHM.5.5.01.001

10 Cal

9600 1

1000 cal




Textbook + Example problem2 + Practice problems+

3 CHM.5.5.01.001.09 Describe how the same amount of heat affects the temperature of different objects of the same mass
check your progress

A 355 g sample of unknown substance was heated
from 22.4 °C to 43.6 °C the substance piece absorbs
6.75 kJ of energy.

Using the table below, which is the substance?

Substance alll sl a sVl 3l
Gold Silver Aluminum Iron

Specific heat 0.129 0.235 0.897 0.449
d.

Iron sl
b. ! _ ;

: Aluminum e :

.

Silver auadll
d.

Gold —adl
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The following table shows specific heat of three

metals:

bid BB dac o3l Sl s AN Jeaad)

Metal Slal Fe

Pb

Zn

specific heat dac o3l 551, 0.449 J/(g-°C)

0.129 J/(g-°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?

Zn Pb Fe
| N | ) D |
1 2 3
Zn Fe Pb
|y | —p
1 3 2

e 10.0 g ) canaly, 100°C L) 58 U< e 1.00 g o5 13)
colial JSAN 3 LaS Jaalas (12935 DS 3 25°C e HL,O

= i
Pb | zn
2 1

Fe Zn Pb
| =) g
3 1 2
£ = ~- F
Zn Fe
L [ [
2 1 3




Equal masses of of the four metals given in the table slial Jgantl 2 Baglell G )N bl e Faglaa
below were left to sit in the Sun at the same time and for Cal3lall a5 Le L Agiadl AN yedSly Sl ks | B
the same length of time. What is the order of the four e Al I BV e LS ha Aapa Bali3)
metals according to its temperature increase from

smallest increase to largest?

P LA ] gy Pl el sl o i all Metal
Calcium Strontium Lead Magnesium
0.647 0.301 0.129 1.023 J f{ g.°C ) Specific Heat &l 550

Learning Outcomes Cowvered

o CHM.5.5.01.008

.
The lowest is calcium, then magnesium, then poadi il 25 aliasll & asreieall 25 aga IS ga JEY)
lead, then strontium

b.
The lowest is calcium, then strontium, then Caball o5 againall 5 agadi Sl o a sl dISH ga B
magnesium, then lead

c.
The lowest is magnesium, then calcium, then TSV IUR | L RO A PN | PPV | 1| P SRS - | VR JBY
strontium, then lead

d. :

;
‘The lowest is lead, then strontium, then magnesium, poneadl€I 5 o gaaainall W3 agadidadl W5 aliall ga JEY)
i




CHM.5.5.01.002.02 Calculate the amount of heat released by a substance as its temperature changes

Textbook + Example problem2 + Practice problems

CHM.5.5.01.002.03 Calculate the specific heat capacity of a sample given its mass and temperature change

Textbook + Example problem 3 + Practice problems

When a 360 g piece of hot alloy is placed in 425 g
of cold water in a calorimeter, the temperature of the
alloy decreases by 205°C, while the temperature of the

water increases by 18.7 °C.

What is the specific heat of the alloy?

Specific heat of water= 4.184 (J/g.°C)

DR MI

0-129 J/(3-°C)

0.235 J/(g.°C)

0.380 J/(3.°C)




ime. what Is the mass ol the piece ol ron (9) whose
temperature increases by the same amount as the
piece of aluminum?
uaall pasialyl saldll
lron Aluminium Substance
........... 47.049 Mass i<l
0.449 | 0.897 Zue gl 3lal
Specific Heat J/(g. °C)
30.0°C 30.0° C AT
b.
C.
d.




If 250 g of ethanol at 75.0°C loses 4655 J of heal, Sl 50 5 75.0°C ) dap Jli) e 250 AL 0 pieCe of cadmium metal absorbed 37, cal ) );ﬂ 2 cal }m\ﬂ\ Jﬂ V! 15 w o
what is the final temperature of ethanol? sl 4ol 5l dajo Wi . 4655 . :
(Speciic Heal of ethanol - 2.44 J/ 3. °) 244)(0.%) p it i of e, The finl temperature wes 6.7°C and the specf sl gl 6.7C &gl i
heat ofcadmium equals 0,231 40 C 02310 Cgha
Loning Oucrnes Cowrd What was the el femperare? f s €
o CHM.5.5.01.008
82.6°C 8.7
o
! 67.4°C 24.1°C
59.5° 9.3°C
d.
45.8°C
3.4°C
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CHM.5.5.01.004.02 Differentiate among the system, the surrounding and the universe Textbook

Because you are interested in the heat given off by the chemical reaction going on
inside the pack, it is convenient to think of the pack and its contents as the system. In
thermochemistry, the system is the specific part of the universe that contains the
reaction or process you wish to study. Everything in the universe other than the system
is considered the surroundings. Therefore, the
universe is defined as the system plus the
surroundings.

universe = system + surroundings

What kind of energy transfer occurs during the
exothermic heat-pack reaction? Heat produced by
the reaction flows from the heat pack (the system) to
your cold hands (part of the surroundings).

What happens in an endothermic reaction or
process? The flow of heat is reversed. Heat flows
from the surroundings to the system. When barium
hydroxide and ammonium thiocyanate crystals,
shown in Figure 7, are placed in a beaker and
mixed, a highly endothermic reaction occurs.
Placing the beaker on a wet board allows heat to

flow from the water and board (the surroundings)
into the.beaker (the system). The temperature Figure 7 In this endothermic reaction, the reacting
change is great enough that the beaker freezes to mixture draws enough energy from the water and the wet
the board. board to cause the wet board to freeze to the beaker.

According to the principles of thermochemistry described, the universe is defined as the

combination of:

A. The reaction or process being studied only. B. The system plus the contents of the heat pack.

C. The system plus the surroundings. D. Everything that is not considered the surroundings.
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b CHM.5.5.01.004.03 Identify direction of heat flow (For Exothermic and endothermic pracesses)

Textbook + fiqures 8 9

In the endothermic reaction shown below,

What is the heat flows direction?

pywgall OUluwgsl Clyglg oot Wl dusSgyub o buls
a mixture of barrium hydroxide and ammonium thiocy

crystals

b 24/
awet board

Learning Outcomes Covered

o CHM.5.5.01.004

From the mixture to the universe

From the wet board and water to the beaker

From the system to the surroundings

b w_,a!' Hhall paldl Jelell v,‘
Sehall e slaal e

o8 Bl G
Ay o gl e

Lad )l g

In the highly endothermic reaction described (barium hydroxide and ammonium thiocyanate
crystals), the heat flow causes the wet board (part of the surroundings) to freeze to the beaker

(the system). This indicates that, for this endothermic process:

A, The surroundings are gaining heat from the system. B. The system is releasing heat into the
surroundings. C. The temperature of the system is increasing significantly. D. The system is

absorbing heat from the surroundings.




CHM.5.5.01.004.04 Compare and contrast potential energy diagrams of exothermic and endothermic reactions in terms of general shape, enthalpy of reactants and products, .
o ) ) o Textbook + fiqures 8 ,9 + check your progress
activation energy of forward and backward reactions, and enthalpy of reaction and its sign

The Heat-Pack Reaction
- The Cold-Pack Process
at 1o
surroundings Heat from
surroundings
B —
Raares . IR S R [ SOS— NH;"(aq) + NO; (ag) --------------enmueu-
= eactants 5 P ‘
- = rocucts
£ AH=-1625k) -
o £ AH =427 k)
) """"""""""""" 2F@;05(s) --oovvmeetoninnaens }~-NH,,NO3(S) ..... T o ——
Product Reactant
Exothermic Reaction Endothermic Process
AH<O0 AH >0
L Which of the following is true regarding the figure Folal UL (Blaty Lad e Al Lea (&
below?
1 ‘“"Z‘:;ﬂiof‘g‘ _I----4Fe(s) S —
= alelazl) algl)
3
3
|.. --—-2Fe,04(s) —-- S 3>
Product | ””””””””””””” 2Fe:°3(5) ””””””””””””
10l
The sign of enthalpy change is positive dansa (bl (gohinall A aanll 55LE)
This reaction is used in the Cold—Pack 53,01 aLasl) ‘g Jelall 1 andng
The reaction is endothermic 5hall sale Jdelall
ALl salasl) f Je il 1ha c.a;'\:,._-_'.

This reaction is used in the Heat—Pack
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the equation: A

| Which of the following is correct about the reaction with
» € ,shown in the diagram below?

ol JSEN, gl A € sAldaall 53 Jolal g Lasias ddld e )

L AH > O AH > 0 A
L. Hprodutu =~ Hru_u‘targt; H!_,’._.‘ < H it N
T Hi. Heat flows from the system to the surroundings Bl A ABD Se SRS 5 ) ad) i
;T — m
=
= _.{ AH
\‘,;_ 1
p------------- ----—--Y--
A. |only 7 ki A
B.1 and ll only B 1151 .B
C. Il and lll only SBmsn c
D. 1 and lll only S8msi D

Which of the following is correct about the reaction with JEEN it gall 4 — € Addlaall 53 Jolill Jea Buaa ANEN fa ‘51
the equation: 4 — € ,shown in the diagram below? Toldal
I AH > 0
"' Hpr'odu('l.‘: < Hr‘eactnnts AH > 0 'I
Ill. | Heat flows from the surroundings to the system HE_-..J_;,. < H_gwn N
AR ) Iaall Ga JREE 3 1_adl m
) SE— ~ S——
=" I
= AH
K
~y
‘ol ‘
I.__ A e
A. 1only haié | A
B. 1 and Illl only LE Nyl .B
C. Il and il only LEN s .C
D.1 and Il only Lid |51 .D




Which of the following is correct regarding the figure below? folinl JSAL gleis Land Taa Al ,__g‘

The reaction is an exothermic slall a)la Jelall

Heat to surroundings gl 5yl pall

The enthalpy of the products is less than the enthalpy of the reactants el Jsall (5l (gginall (1o sl gl sgadl
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8 CHM.5.5.01.006.10 Write thermochemical equation for the changes of state (vaporization, fusion, condensation and solidification) Textbook

4Fe(s) + 30,(g) — 2Fe,0,(s) AH =-1625Kk]

NH,NO (s) — NH*(aq) + NO3(aq) AH = 27k]

H,0() - H,0(g) AH, =40.7k]
HO(s) — HO() AH, =6.01k]

HO(g) — H,0() AH_ =-40.7k]
H,O() —» HO(s) AH_ =-6.01K]

solid

DR MOHAMED ABDELSALAM 0502500589

Phase Changes for Water

AHap = +40.7 kJ

AHong = —40.7 kJ

Enthalpy

AHps=+6.01k) |
l AHqoig = —6.01kJ




Which of the following represents the cold pack process? 5L salesll 8 a3l Adeal) Jiad L Lae __,4

8L 83leS
INSTANT
GOLD PAGK
o< | 108 L1on
2 2 /
. |
| NH4N O35
—¥-——— Inner bag of water

alall o W10 usS

¥ TR A L
SINGLEUSE ONLY

a.
NH,NO3,, — NH;'.NTI.' +NO;, Ay <= 0
b.
i NH,NO;.,, + 27 K] — NH;E"‘IJ + NOz,,
c
NH;NO;,, + 27 K] — NH;:NI + NO3,q, + 27 K]
d.
NH,NO;,, — NH;[uq] + NU3:HF_|_I AHpy, = —27K]
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Which of the following statements is not correct according to the
diagram shown below? el S o e s 6 00 @
“A H,0(0)
AHyy
%
£1 Aon
4 Hioo Y
AH,,
AHge
H,06) v
A. The AH values of the molar enthalpy of vaporization and the Ay )y A g ) ol H o 065 A
molar enthalpy of fusion are positive Ay ppaid
B.  The AH values of the molar enthalpy of condensation and | sl i ) sl g Al 4y § ) sl A ad 0165 B
molar enthalpy of solidification are negative e
C. The molar enthalpy of solidification and the molar enthalpy of Al 1 sl g ) gl Al g i €
fusion have the same numerical values but with opposite g o] W 8y gl gl ) ol Al
signs
D. The molar enthalpy of condensation and the molar enthalpy of | Al s Sl Lyl § ) all sl Al g ok D
vaporization have the same numerical values with same sign e iy Al AL )




Which of the following statement is correct according to the
diagram shown below?

Solial JS&I P Jilais) dauaua Adal) @i jlad) i

o
AH,,,
B3
;.c;; ?l A"Icor\d
3
H,00)
AHfus
AH$O|IU
HzO(S)
A. The system energy decreases as ice melts and then o A Al il lguall sl HURL) A3 &5 A
evaporates
B. The system energy increases as water vapor condenses saaad b plall Jlia S e AU B WX B
and then solidifies
C. The vaporization of water and melting of ice are considered 5 )l ta il mll puay slall A8 clles i C
as exothermic process
D. The condensation and solidification of water are 30l )M saand y plal) S wililes 2l D
considered as exothermic process

DR MOHAMED A:




CHM.5.5.01.003.05 Perform phase-change calculations using enthalpy of fusion, vaporization, condensation and solidification fiqure 10 + Practice problems + check your progress

Using the figure below, how much heat in (kJ) is required to x5 43U (kJ) Basss Blal) 4 Lo colial ¢

evaporate 156.1 g of water at 100°C? £100°C 5ha dap vie sl o«
(The molar mass of water is 18.02 g/mol) (18.02 g/mol (g5l cLall 4,

Learning Outcomes Covered

o CHM.5.5.01.003

i 353 i
<
236
. 185
d.
347
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Waler is sprayed on oranges during a frosty night. If jlita Jawgia S 13 32Ul Il Da Jgd e ol )

an average of 29.5 g of water freezes on each 2959 p Ay K ke sy g ol
orange, how much heal is released? fipaldl sl L8

(18.02 g/mol = ¢Lall 25l A5SH )

( molar mass of water = 18.02 g/mol )

:'"-"""""""""""""'“"“““'“““““'"""“-----------------------1: Phase Changes for Water
kJ A
9 84 ——————————————— HzO(g) ————————————————
66.6 kJ AHap = +40.7 kJ
o)
EO AHcond — _407 kJ
3195 kJ £

21636 kJ | A= —601K

DELSALAM 0502500589




10

(HM.5.5.01.003.04 Define molar enthalpy (heat) of solidification, AHsolid Textbook

The molar enthalpy of solidification (A H,, ;4 ) is defined as the amount of heat energy
released when one mole of a substance changes phase from a liquid to a solid at its constant

freezing point and a constant pressure. &

The molar enthalpy of solidification is equal in magnitude but opposite in sign to the molar
enthalpy of fusion (A Hg,.), which is the heat absorbed when one mole of a solid melts to a

liquid:

-&H\'u]id = _iﬁHi'u_.\-

H,O() - HO(s) AH_, =-6.01k]

solid

Some 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
orchards or fields with water. When the water freezes, energy (AH, ) is released and
often warms the surrounding air enough to prevent frost damage.

DR MOHAMED ABDELSALAM 0502500589



11 CHM.5.5.01.006.09 Perform calculations using enthalpy of combustion

Example problem 4 + Practice problems

What mass of propane (C;Hy) in unit (g) is bumed to

release 9983.5 kJ of heat?

i s 1 0) g (C:H) ol 26
il 0 985K )

C3H3 (g) T 50: [g] e 3001@] t 4H30{g]

The enthalpy (heat) of combustion of propane -2219 kJ/mol &  AH . Sl @l iha)

-'J-\‘Hc:‘qnh =-2219 le.fmn\ (4409? g.l.lmul Slagell Adadl AT,
Learning Outcomes Covered

o CHM.5.5.01.006
198.0
b.
154.4
: 110.3
d.
66.20

Using the equation below, how much heat AHeomp inl 56 AHeomp 4l 5l 4 L ol il

is released by burning 154 g of CH, methane? ¢ CH, ot
(Molar mass of methane is 16.04 g/mol) (16.04 g/mol & (juall 15l 1)

CH4(@) + 20,(g) — COx(g) + 2H,0(1) + 891kJ

Learning Outcomes Covered

o CHM.5.5.01.007

da.
4.50 x 10° kJ
b.
5.20 x 10° kJ
[
6.70 x 10° kJ
d.: :
5 8.60 x 10° kJ |
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What is AHcomb represents? }-)

[ ITmol+0:; — ............ AH = AHcomn ]

o O
l element or compounﬂ [—nny mole number ]

Which of the following equations represents a molar combustion equation?

- ZNOg + Oz — 2ZNO;y)
. 25“3{3} + ﬂ;m — Igﬂj{g]
. CsH12006(s) + 0025y — 6C 2 + 6H20y

. 2Hzigy + Oz — 2H20

What is the complete thermochemical equation for the combustion of methane CHy
if you know that AHcom, =—-891 kJ/mol?

. CHugy + 202y — COzg + 2H20q, + 891 kJ
- {-.1H.1.tg'| + anfgj + 891 kJ — {_101“;} + 2H:0m

- (102@, + 2H: 0y, — f.1H.1.{g:| + ID;{E, + 891 kJ

. COyg + 2H200 + 891 kJ — CHyg + 203y

DR MO




What mass of sucrose C;,H,,0,; must be burned

in order to liberate 8466 kJ of heat?

8466 kJ Ctu}] \43):. i 9_1]\ C12H22011 )3)5‘43\ s L

U
Molar mass ~ adgall &< AH oy Formula dxall Substance salall
342.3 g/mol —5644 k] /mol CiHy0p Sucrose g Sl
513.5 9
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12

CHM.5.5.02.002.01 Calculate, using Hess's law, the AH of a reaction

Textbook + Example problem 5 + Practice problems

Using thermochemical equations, 1,11 and (Il below,

What is the AH® value for the following reaction?

ClFg) + Fy(g) — ClF3,

20F, ) — Oy + 2Fz 4

w n'.i.:l- "IJ ] J.l :L'JLP‘JI i_.ﬂl'.:u:ﬁrl i kel asds ol

t Ao Jolell AH® dad Lo
AH =7

AH = —49.9 K|

2CIF,

m T Dl-:gl - clzofsl + 0F2:a‘.

AH = +205.6 K]

1 3
ClF3g) + Oz(g) — imzﬂrg: + iﬂFm;g:

AH = +266.7 K]

Learning OQutcomes Covered

& CHM.5.5.02.002

d.
+422 K
b.
+394 kJ
el :
: -139 kJ :
d.
-188 kJ
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How much is AH of the following reaction?
CO,g, 4 2H318) o CH:;OHIU

Use the thermochemical equations (a, b and c) shown below

f AN Jouidll AH Aad La
CO,) + 2Hy,, — CH30H;,
sl Aada gall ¢ 5 b ca ) ad) Anileas) Y slaall aadi)

a. €Oy +3 05, — COyy AH = — 284 k]
HZ‘.;I + —:'Oztgn - H;0y, AH = — 286 k]
¢.  CHyOH,, +3 0y, — €O,y + 2H;0, AH = — 727 K]
-1297 kJ
+1051 kJ
-129 kJ
+157 kJ




What is the value of AH for the following reaction? ¢ Au Jelall AH a8 L

ZHZS(S) + 3 02(3) - 2 HzO(l) 5= 2502(5)

Use thermochemical equations (a,b and c) shown below: 2ol damsall (Co b ¢ @ )Ahall Al iV slaall axdiad
a. S t 0z = SOz AH = —296.8 K]
1
b. Hzg) +5 02 = H20( AH = —285.8 K]
c.  Hyg + S — HaS AH = —20.6 K]
—1124 kJ

—603.2 kJ

—1206 kJ

—562.0 kKJ
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14 CHM.5.5.02.001.01 State Hess's Law - CHM.5.5.02.001.02 Describe the rules to be followed to apply Hess's Law

Textbook

enthalpy change for the final reaction.

Unfortunately, laboratory experiments to produce sulfur trioxide and determine its AH
result in a mixture of products that is mostly sulfur dioxide (SO,). In situations such as
this, you can calculate AH by using Hess’s law of heat summation. Hess's law states
that 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

Chemists use atheoretical Wayto determine AH when:
1- The reaction is too slow.
2 The reaction occurs under conditions difficultto duplicate ina Iaboratory.

3- The reaction produces products other than the desired ones.

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.

1- Hess law

2- Le Chatelier's Principle

3- Gipps law

4- Henry law

25(s) + 30,(g) — 2S0,(g) AH=?

Step 1 Chemical equations are needed that contain the substances found in the desired
equation and have known enthalpy changes. The following equations contain 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]

Step 2 The desired equation shows two moles of sulfur reacting, so rewrite Equation a
for two moles of sulfur by multiplying the coefficients by two. Double the enthalpy
change AH because twice the energy will be released if two moles of sulfur react. With
these changes, Equation a becomes the following (Equation c).

c. 25(s) + 20,(g) — 250,(g) AH = 2(-297 k]) = -594 k]

Step 3 In the desired equation, sulfur trioxide is a product rather than a reactant, so
reverse Equation b. When you reverse an equation, you must also change the sign of its
AH. Equation b then becomes Equation d.

d. 280,(g) + O,(g) — 2S0,(g) AH =-198 k]
Step 4 Add Equations ¢ and d to obtain the desired reaction. Add the corresponding
AH values. Cancel any terms that are common to both sides of the combined equation.
25(s) + 20,(g) — 250,(g) AH = -594 K]
250,(g) + O,(g) — 250,(g) AH = -198 k]
250,(g) + 25(s) + 30,(g) — 250,(g) + 2S0,(g) AH =-792K]

500589




13

CHM.5.5.02.006.03 Calculate, using the standard enthalpies of formation, the Enthalpy of a reaction, AHrxn

Textbook + Example problem 6 + Practice problems

sidi A (kifmol)
Substance

NO2z) 33.2

H;04, -285.8
HNO; o) -207.4

NO,, 91.3

What is the  AH,., value for the following reaction?
3NO, () + Hy0() = ZHNO3 (g, + NO (g

Learning Outcomes Covered

[ I

CHM.5.4.02.006

o o

DR M({ -

fAl delull AL, et L

* =2
AH,, =7

a.:
: ~137 kJ

b.

-506 kJ
C.

+136 ki
d.

+ 368 kJ




CHM.5.5.02.006.02 Identify the standard enthalpy heat) of formation of a free element in its standard state Textbook+ fiqure15

{ What is AHy represents? J ;',‘ standard heat of formation

[ element + element — 1 mol compound AH = AHy¢ ]

[ any mole number] [_any mole number J

Standard Heats of Formation

Bt D o Table 5 Standard Enthalpies
AH3 (NO,) :
Y I N1(g), Oxfg), 565 of Formation

1 Compound \ Formation Equation | AH7(kJ/mol)

©°

=

3 H254g) Ha{g) + S{s) — H:S(g) =2

T 1 1

N AH; (50,) HF{g) 71400) + 340 — HAg) =
SO«Ag) Sis) + %Oz(g) — 50s(q) -396
SFglg) S(s) + 3F;(g) — SFela) —-1220




Which of the enthalpy changes in the following
reactions does nof represent a standard heat of

formaion A, ?
Learning Outcomes Covered

o CHM5.502006

! 11 :
E 5 H2|5:|+j Fz[s‘ _"HF[BI ﬂHf= _2?3 kl
3
St 7 Oyg 0y
B!
N0y 3 O+ MOy

S 1 3Fyg = Sy

Al el el g il g

A} S e

Which of the enthalpy changes in the following

reactions represents a standard heat of formation

(AH)2

Learning Outcomes Covered

o CHM.5.5.02.006

al
% Nyg + Ong —» NOyq , AH=+33.2kJ
b.
COg + 3 0ng —» COyg , AH=-283kJ
C.
23(5) + 30119) —— 2503[9) s
d.

2Fe,Oy —» dFeg +30y, , AH=1625kJ

AH=-792 kJ

Bhs Juy LU Dlelall 3 glall ginall A Sy

"(AH) b

DR MOHAMED ABDELSALAM 0502500589




hich of the AH values given in the following reactions il ol Bl ) el ¥ SLoxdll AH 3 5 L_si

presents the standard enthalpy of formation ¢ NO, Sl ﬂH;r
H ; of NO. compound?

1| NOg + 03 — N0y + Opp AH =199 K]
7 1

ENZ(g) + Oz(g) - Noz(g) AH = +33.2 k]
3| Ny +205 - 2O, AH = +66.4 k]
4 1

NO(g) +502(g) - NOz(g) AH = -58.1 k]

DELSALAM 0502500589
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CHM.5.4.01.020.01 Calculate the average reaction rate using the experimental data

Textbook + Example problem 1 + Practice problems

5 . i / D
o A 9 5y
L L) o) Laessc)
- . -
.
»
“ * “ S
.
« B o 4
¢ w s e * x
. ° e « 4 .
: al” 3 "' y » & :
4 & - . *
. < < &
Reaction: fij > &

Average Reaction Rate Equation

Alreactant]
At

Average reaction rate = —

quantity
unit
symbol meaning
Rate reaction rate mol/(L.s)
k specific rate constant different units
[A] reactant concentration mol/L or M

In the gas—phase reaction :
I, + Cl,>2ICl

[1,] changes from ().400M at (.00 min to 0.3840 M

at 4.00 min.

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

per liter per minute?

I, +CL>2ICl &=+

0.3840 M ) 0.00 min xie 0.400 M csa [I,] sty
4.00 min 3

AS0¢eal) |y ey Jelitl) de puo Jasgia Lo

¢3ady (K1 alll

+=0.004 mol/(L.min)

— 0-004 mol/(L-min)
+~0.01 mol/(L.min)

— 0.01 mol/(L.min)




Using the experimental data in the following table, Daads Jelall deju Javsgia SIS 13 ¢ JGI Jyaall 3 g el bl Landsis
if the average reaction rate for the reaclion, expressed in 0.05 mol/L.s (gl 35Ul NO o¥sa 20wy aie
moles of NO formed, is 0.050 mol/L.s , what concentration of 90.100 5 2: NO 383 Le

NQO would be present after 0.100 s?

N»(g) + Os(g) = 2NO(g)

[NO] (M) | [0:] (M) [Nz] (M) Time (s) =30
0.000 0.300 0.500 0.00
0.250 0.450 0.100

0.005

v

o

o
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CHM.5.4.01.002.03 List the two conditions, according to the collision theory, that must be met for a collision between reactant molecules to be effective in producing

new chemical species

Textbook + fiqures 3, 4

. Carbon e
: Nitrogen . ‘ ‘ ' ‘ ’

@ Oxygen —> Bt i
Collision Rebound

Incorrect orientation

QDea® @ @+

—
Collision Activated complex Products

Correct orientation

(b

® ) J
oL ¢

e - <—
Collision Rebound
Incorrect orientation
—_— — — —
Collision Rebound

Correct orientation
but insufficient energy

Table 1 Collision Theory Summary

1. Reacting substances (atoms, ions or molecules) must collide.

2. Reacting substances must collide in the correct orientation.

3. Reacting substances must collide with sufficient energy to form an activated complex.
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CHM.5.4.01.022.03 Describe the relationship between activation energy and rate of the reaction

Textbook + fiqure 5, 6

The higher the activation energy, the slower the rate of reaction, and conversely, the

lower the activation energy, the faster the rate of reaction,

Energy of Reaction

— Energy ﬁ

— ot

Activated complex

Activation
energy

released
by reaction

Products

s Reaction progress ﬁ

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.

————— Energy ﬁ

Energy of Reaction

‘ ' Activated
‘ complex

@

CO(g) + NO5(g)

T Products
Activation
‘ . energy Energy
absorbed
TR by reaction

C0,(g) + NO(g)

|

Reactants

m— Reaction progress sl

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-
enerqy products.

What is the relationship between activation energy and chemical

reaction rate ?

1- Direct proportional
2- Inverse

3- The same

4- No relation

&M 0502500589




Which of the following is correct regarding the two

figures(l and 2) below?

Eneray of Reaction e Ll S8 Lk

Activated complesx m adaall
. 1]

P e ®
COg) =+ NO(g)

53 | =

z -

23 |l

I CO,(g) + NO{g) l l
aleled) stall Reactans T
— e LS e —

Reaction progress

Figqure 2 <501

In figure 1 the reactant molecules collide with enough
energy to overcome the activation energy barrier

and form higher energy products

The activation energy in figure 1 larger than activation

energy in figure 2

The reaction in figure 2 is exothermic,
while the reaction in figure] it is endothermic

In figure 2 the reactant molecules absorb enough energy

to overcome the activation energy barrier and formm higher

energy products

Energy

i

Tolaal (Zsl)onlsail Blaoy Laad mosa L Laa éi

m_uu-._n amall
-® « ¥

Activated comples
COigy + NOL(g)

Readctants
e - O»

CO.lg) + NOg)

T T T T T T T T T T T T s et
— el g —
Roaction progress
Figure 1 5501

ealamll Aaals S5l oTie i) -.;it\:u_)a. sl 1 A g

esh Al (soiaa sie molgill (S5 tantnll dElla Gala e

2 O 3 daatall Al e agl 1 OSSN 8 daatall ASl.
«5;3) )l _‘_JLE: __',‘S...'.'J|‘__’_'|J:=l£ﬂ|

Shall sale 1 JSEN 3 Je ol Loy

- = "»

alanl] FLElS JBLs aTile Linadl -..;:".:u__}:_h. el 2 SN 43-
oSl Al 3 males S50 daatmll Al Gala e




Using the two figures below, which of the following is correct? fruna bl I IPPILE RNt ) PREL IS

et ecin

doiiial| samall Bl daal
Activated complax Activated camglex

Llalasl) sl

—— PN - —

Riaction progress

[ Jiadl
fiqure (1)

3 JEd
Flquere {23

- 1
. 1
- i
- : [
] Energy is released in figure (1) while energy is absorbed (2) JEan A adh, i Lag (1) JS20 8 aith llan [
: i
1 in figure (2) I
- i
- [
- I
. 1
e o o nll

Energy is released in figure (2) while energy is absorbed (1) Jean A Al S Ly (2) Jazn A FEIVNE 1IN
in figure (1)

The activation energy in figure (1) is greater than the activation (2) J5ahl A Doyl s e Pry (1) Jeill A& Dainll ddlls
energy in figure (2)
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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

aA + bB — products

The general rate law for such reactions is described below.

The General Rate Law

rafe = k[A]'"[B]" [A] and [B] represent the concentrations of rf:actants A
and B. The exponents m and n are the reaction orders.

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.

Only if the reaction between A and B occurs in a single step (and with a single activated

complex) does m = a and n = b. That is unlikely, however, because single-step reactions

are not common. For example, consider the multi-step reaction between nitrogen

monoxide (NO) and hydrogen (H,), which is described by the following equation.
2NO(g) + 2H,(g) — N,(g) + 2H,0(g)

This reaction has the following experimentally determined rate law.

rate = k[NOJ’[H,]

If the next reaction occurs in a single step and with a single activated complex

| The rate law for the reaction 2NO(g) + O2(g) — 2NO»(g)}

Soom=2 n=

LSALAM 0502500589




When: When the reaction between A and B occurs in one step and with
m=a,n=b? only one activated complex.
Does the reaction: aA + bB — products No, because one-step
always occur in one step? reactions are not common.
One-step Reaction: A — B [ Reaction Rate: Rate = K [A] J
The reaction: aA + bB — products { Reaction Rate: Rate = k| A]™[B]" ]
o, E Q

What is the rate law for the reaction 2NOg) + Oz — 2ZNO2 that is first order

lin O: and third order in terms of reaction order?

a. Rate = k [NOJ*[02]

D) C
b. Rate = k [NOJ*[O;]

¢. Rate = k [NOJ*[O2)?

d. Rate = k [NO][O;]

O Io" p

DR MOHAMED ABDELSALAM 0502500589
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CHM.5.4.01.006.02 Use the method of initial rates to write rate law of reaction

Textbook + Practice problems

=

Use the experimental data in the following table.

What is the rate law for the reaction?

- S Jpand) 3 A aal) ) aasac)

¢ e liall de ) 0538 Lo

aA+ bB - C aA+ bB - C
Experimental Data 4w il clilyl)
Ay el Y1 5SS Y1 5SS ]
Initial Rate Initial concentration Initial concentration Trial
mol/(L.s) [B] (M) [A] (M)
8x1078 2.4 1.2 1
4x1078 1.2 1.2

7.2x1077 2.4 3.6 3

Rate = Kk[A]~

Rate = k[A][B]

K[A][B]?

DR MOHAMED ABDELSALAM 0502500589




Using the experimental data in the following table, Ce il de sl (38 Le o I Jpanll "_ pppedll L Ldn

whal is the rate law for the reaction?

aA + bB — products

AR5 deph A s Ao Sl Ll
Initial Rale Initial concentralion Initial concentration Trial
(mol/(L.s)) (8] (M) (4] (M)

300107 0.273 0.273 1
3.00%107 0.273 [ 0.546 2
6.00=10 0.546 0.546 3

Rate = k[A]

Rate = k[A][B]

Rate = k[A]?[B]

«BDELSALAM 0502500589
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CHM.5.4.01.005.02 Explain the function of the specific rate constant (k) in rate law equation

Textbook

The General Rate Law

(Al and | esent th ntration 3
rate — k[A]'"[B]" [A] and [B] represent the concentrations of rq:ctams A
and B. The exponents m and n are the reaction orders.

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

Figure 15 on the previous page.

The symbol k is the specific rate constant, a numerical value that relates the reaction
rate and the concentrations of reactants at a given temperature. The specific rate con-
stant is unique for every reaction and can have a variety of units including L/(mol-s),
L?/(mol*ss), and s~'. A rate law must be determined experimentally as illustrated in

The rate law shows that the reaction rate is directly proportional to the molar concentra-
tion of A. The specific rate constant, k, does not change with concentration; however, k
does change with temperature. A large value of k means that A reacts rapidly to form B.

specific rate constant k

Unique for each has different units does not change
reaction of measurement with concentration

changes with
temperature

DR MOHAMED ABDELSALAM 0502500589




Initial Reaction
Rate = [reactant]*™" of 56 V zo Rate v. [H202]
mel / L5 D
: . /.‘ & (.Y - \ s
\ ' - \ Q / X
For a zero-order reactant, changing which the rate does not depend < -1 5 07 é e - (] 0.600 /
its concentration does not affect the means on the concentration of this \ L / ~ o\ f T @ §
\ rate of the reaction, JR reactant. ) N4 } i i
- 4 ’ L g Ve * 6 = 0400
‘ (0 / AR } ﬁ g /
reaction order 2 3 4 vd eV T c = /
) 0 o 0.200
Mgt M2 M35 LJ ) mel S .
K unit -
L/(mol.s) L*/(mol’.s) L¥/(mol’.s) E 0 100 2.00 3.00
rate unit mol/(L.s) [HZOZ] (moI/L)

Lo el de pull (gl
Rate = k[4][B]* »

b S RYI Cig il IS g call) B S5 513
Elelal doju jum S

The rate law for a certain reaction:
is Rate = k[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 A0 depudl daf oy J) J

Quadruples (increases 4 times)

Decreases to half of the initial reaction rate value

Doubles el




The following decomposition reaction: Al SEal sl

2H;0x(aq) — 2H;O0) + Oxlg) 2H:0z(aq) — 2H0() + Oz(g)
is first order, and the graph below shows Ao Oy ALY ol Sl ml gy A A5yl e
relationship between its rate of decomposition 1.50 mol/L (sl [Hz0;] 0o Loie <3S 45838
and its concentration, when [H; 0,] equals 1.50 mol/L K ooyl ol cyltl Aauaall Ssagll b L Lee ol

Which of the following is the correct unit of the specific
rate constant k?

Initial Reaction RSN e L G e
1 TH, 0,0 i
B
% S
UEN0 1%
iz 12
Y i3
$3 a0 H
TE *
£ oo B
-
£ 100 200 300
[H;0,] (moliL) [H;0,] (maliL)

L/(mol.s)

Ib.
L?/ (mol.s)

-

What is the unit of the specific rate constant k for a reaction that has the rate law:
Rate = [A]*[B]?

Q. 8 b. L.</(mol-.s)

c. L. /(mol’.s) d. 1./(mol.s)




The chemical reaction : . . 2 pibasl Jelill
2ZNO(g) + Oz2(g) = 2NO2(g)

has the following rate law Rate = k[N01?[0,] Rate = k[NO]?[0,] ) de,udl (35 o)

if the concentration of NO decreases by half, what ¢ dolall depd By Dle ccaall JINO 5850 aat 1Y

happens to the reaction rate?

a.
Reduces to one—half caeadll U adn
b.
Becomes double el el
-
1 1
c.: i
: Reduces lo one—quarter 2l A i :
] ]
1 1
1 1
| | |
o o o N
d.
Remains the same 38 LaS B3

Assume that a general chemical reaction has a rate law of Rate = [A]’[B]’ and the
ate of the reaction under known conditions is 4.5 x 10™* mol/(L.min) if the
concentrations of A and B are doubled and all other reaction conditions remain

constant. How will the reaction rate change?

a. the reaction speed increases by a factor of 4 to become 1.8 x 107 mol/(L..min)

b. the reaction speed increases by a factor of 8 to become 3.6 x 107 mol/(L.min)

>. the reaction speed increases by a factor of 16 to become 7.2 x 10~ mol/(L..min)

d. the reaction speed increases by a factor of 32 to become 1.44 x 107 mol/(L..min)
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CHM.5.4.01.020.08 Calculate the instantaneous rate of a reaction from experimental data - calculate the concentration of a reactant using the instantaneous rate of a

reaction

Textbook + Example problem 2 + Practice problems

23

CHM.5.4.01.020.08 Calculate the instantaneous rate of a reaction from experimental data

Textbook + Example problem 2 + Practice problems

The rate law for the reaction: A + B + C — products
is :

Rate = k[B]?[C]

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

What is the instantaneous reaction rate?

A+B+C—Fs : delall de )l Gg3l8
s
Rate = Kk[B]?[C]

k=6.92x10 "7 L?/(mol?.s) ;s 13)
[C]=0.315 M¢  [B]=0.230 M¢ [A] =0.175 M
faball) Jelail) de &

8.77%x10"7 mol/(L.s)

6.41><10"7 mol/(L.s)

5.01x107° mol/(L.s)

DR MOHAMED ABDELSALAM 0502500589




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 102 (L?%/(mol2+s)).

2NO(g) + Hs(g) — N,0O(g) + H,0(g)

Calculate the instantaneous rate when the reactant concentrations are
[NO] = 0.00200M and [H5] = 0.00400M.

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

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

DR MOHAMED ABDELSALAM 0502500589



CHM.5.4.02.001.05 Describe chemical equilibrium using reactant and product concentration-time graph or particulate diagrams

Textbook

reactants, and products during the reaction of nitrogen and
hydrogen lo form ammonia.

Which of the following is correct? Baactast and Praduct Cancentration v, Time

o) e e Al alyatly Alalaid! syl 805

—

Comcentration
PP

Learning Outcomes Covered

o CHM.5.4.02.001

At equilibrium, the concentrations of products decrease

The graph below shows the change in the concentrations of Aanllly Alel@all olgall 3815 slal ?_',1:.;55 sl ylad
Ligad | 2B g puglly mg il Jals Dls

Al 8 Al dodl 3805 Al

el 3 Alslid) dadd) 3815 il

| 05 i ) e

a.
The concentrations of the reactants increase at first
R
b.1
: The concentrations of the reactants decrease at first
(]
L
C.
At equilibrium, the concentrations of products increase
d.

aatlill algadl 315
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CHM.5.4.02.005.02 Write chemical equilibrium expression for a heterogeneous equilibrium system (Keq)

Textbook + Example problem 2 + Practice problems

Q.4: dijiall dotailll b gVl yules 4US Equilibrium expression's writing for systems that are at equilibrium

Mark(s): 5/5

Locznen H2(g) + I2(g) = 2HI(g)
[HIT e ¥
[ Na,CO][COIH;0] | 2NaHCOs(s) = Na;COs(s) + CO4(g) + H,0(g)
[NaHCO,)*
[CH,][H,0] CO(g) + 3H,(g) = CHy(g) + H20(g)
[CO][H:]S g 2(8) = 4(8 2U(8
[CaCO;] (s) = (s) (g)
(CaO] CaCOsls CaOls) + CO,lg
a A
b.
B
c
d.
D

DR MOHAMED ABDELSALAM 0502500589




What is the equilibrium constant expression ¢l Jetall S el e L

for the following reaction?

Cis) + HiOp =  CO + Hy

Learning Outcomes Covered

o CHM.5.4.02.005

[CO ][H; ]
[c1[H20]

[CO ][H, ]
[H20 ]

[C1[H,0 ]
[COI[H;]

[H,0 ]
[COT[H;]
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CHM.5.4.02.006.02 Calculate the equilibrium concentration of a reactant given the concentration of other reactants, products and equilibrium constant at a certain
temperature

Textbook + Example problem 3 + Practice problems

The reaction 280, + Oy = 2503 reaches

[SO,] - 0.0170 mol / L
[05]= 0.0230 mol / L
Keqis 4.32

[0, = 0.0230 mol / L

Learning Qutcomes Covered

o CHM.5.4.02.001

equilibrium. If the equilibrium concentrations are: e OlEY) xie SSIAN Cals

[SO.] = 0.0170
4.32 g Jelal gl Kog ¢

What is the equilibrium concentration of SO; in mol / L fmol /L 5aa4 SO; 1 gl5Y!

a.|
; 0.00536
b.
0.0411
c.
0.6850
d.
0.9970

DR MOHAMED ABDELSALAM 0502500589




The reaction below reaches equilibrium at a certain lemperalure chima Bylpa days e Y0 Alla ) olidf Jolih Joas

ONbCly y, = NbClyy + NbCI

3(g) 3{a)

. Kog = 6.90 =107, If the equilibrium concentrations are: 1A Y SlE enlg 13 K, = 6.90 =107

NbCl; = 0.450 mol/L,  NbCI; = 0.0380 mol/L

What is the equilibrium concentration of NbCI,? ENBC, I 8 385 L

Learning Outcomes Covered

CHM.5.4.02.006
CHM.5.4.02.0
CHM.5.4.02.021

o o o O

e
e
1.69 mol/L
5.65 mol/L

DR MOHAMED ABDELSALAM 0502500589
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CHM.5.4.02.003.04 Explain the effect of changing temperature on an equilibrium system

Textbook + fiqure 14

Exothermic Reaction

Equilibrium shifts to the left. (o0

© CO(g) + 3H,(g)-= CH.{g) + H,0(g) + heat

Equilibrium shifts to the right.
© COlg) + 3H,(g) —= CH.(g) + H,0(g) +(heat

Endothermic Reaction

Equilibrium shifts to the right.

€© heat + N,0,(g)
gy
( heat )

= 2NO,(g)

Equilibrium shifts to the left.
O (heat) + N,0,(g) = 2NO,(q)

The chemical equilibrium system used to produce ethane C;Hg is:

Which of the following increases the ethane C,Hg production?

C2Halg) + H2(g) + (heat) a0 = CzHx(g)

Alaill C,H, 35l [ 1
Adding C,H, to the system
allaill e Hy all)

Removing Hs from the system

198 CoHg O 73] 3 aaascall SleasSll olm ) alas

$CrHg GUY) z 13 e 3s L Las (S

1

Shadl a0l 3
Increasing temperature

Decreasing volume

anall (WlEs 4




The reaction in the equation below is endothermic. Ehadl abe slial lalaall & e lisl)

Which of the following is comrect?

N2Oy(g) = 2NO2(g) AH° =57.2K] Pmaia Al L gl
ol s P

Learning Outcomes Covered

CHM.5.4.02.006
CHM.5.4.02.010
CHM.5.4.02.021
CHM.5.5.02.006

[T T R

e
i
1
1
: 2 0l ey Jhl plas b JeliD sley puay e
i
: Placing reaclion vessel in a boiling-waler bath the color 2 appears
]
i
1
e o o o -
T _nhe.w 4-! JelEl eley By s
Placing reaction wvessel in ice the color 2 appears
el g I s s plaa 3 JelEl pley pay 2ie
Placing reaction vessel in a boiling-waler bath the equilibrium shifls lo the left

Quill Laa Y1 210 D b A kg oy i

Placing reaclion vessel in ice the equilibrium shifts to the right
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CHM.5.4.02.003.03 Explain the effect of changing the volume and pressure on an equilibrium system

Textbook + fiqure 13

What will be the result if the volume of the

reaction vessel is decreased for the reaction?

The concentration of the product increaes

The equilibrium shifts to the right

The equilibrium does not change

The equilibrium shifts to the left

Hag) + l2(g)

¢ 23 Jolidh sle g paa (i dadii Lo

e

— 2H|(g)

38 5y

el g ) Y A

O O O O

When lowering the piston in the figure below, what

happens to the next equilibrium reaction?

]
CO(g) *+ 3Hyy)

Gaaay 13ke slial €N 3 Jand 1) Guall Jaza ic
g Aul olEY) Jelal

CHyg) + H2O (g

—_—
-—

A —The equilibrium shifts to the left

Dbadl a3 GV aumge #0 — A

B — Increases the concentration of H,

Hy S5 e uy B

C —The equilibrium shifts to the right

‘)_m_;]_ _l 3;_':_‘)5:1‘2.1 C_—“‘:'B"“Cb:‘:‘_ C

D — Decreases the concentration of CH,

CH, 3S3 Ja: - D




Regarding the equilibrium systems given in the table below. Lelial Jgaall o Bulsl Sl ekl gl Lad

Which of the following Is comect?

P _}ir_ has -T
Hi(g) + Cly(g) = 2HCI(g) 1
250,(g) + 0s(g) = 2504(g) 2
NzOu(g) = 2NO:(g) 3
2Nz Hy(g) + ZNOu(g) = 3N:(g) + 4H0(g) [ g
Learning Outcomes Covered
o CHM.5.4.02.021
a.
Decreasing the volume of the reaction vessel cpadl T A1 Aali cud Jelitll plag aaa (Ll
shifts the equilibrium 1 to the right
b.
Decreasing the volume of the reaction vessel Sl 12 R al] s Jo il eloy o il
shifts the equilibrium 2 to the left
g ., .
1
cl
i Increasing the volume of the reaction vessel
] el I 3 S Al e Jalitl) slag ana 35
: shifts the equilibrium 3 to the right
1
i
e o -
d.

Increasing the volume of the reaction vessel

Ledl 1 4 0 dal) e Jolill ooy a5l
shifts the equilibrium 4 to the left ST P A




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

Texthook + fiqure 12

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 drection of the shift

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

CO{(g) + 3H,(qg) == CH,(g) + H,0(g)

(Colg)

12} CO(g) + 3H,(g) —= CH.(a) +:'Hl6[’gj-r \ © CO(g) + 3H,(g) = CH,(g) + H,0(g) ~>—
S A (H,0(g)

Equilibrium shifts to the right. Equilibrium shifts to the left.

©  COa) + 3H,(g) = CH,(g) + H,0(q) i) . :'cotgji,w 3H,{g) = CH,(g) + H,0(g)

to the left in the reaction below except

N2Oy(g) = 2NOx(g) AH" =57.2K

Increasing the pressure

Lowering the system temperature

Reducing the concentration of NO,

Reducing the concentration of N,O,

All the following changes cause the equilibrium to shift — Jelall 3 Ll dga 1) G5V 2L Casd 4060 Sl moan

Laall sal)

,nlﬁll E_:.I):b adn. FE

NO; 85 Jii

N2Oy 385 s
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Which of the following increases CHyCHO production in Sl el A CH\CHO £ 3k J oo b L 4'
Ihe following equilibrium reaction? Al
CoHy(g) + H0(g) = CHiCHO() AH = ~151K]
Decreasing temperature sl 350 (et |
Adding a lot of water  ¢lall e el dila) | 2
Adding a catalyst Glas Jale ddla) | 3
Adding a desiccant cataa Jule 43l [ 4
a.
1 and 4 451
b.}
i 1 and 2 251
C.
3 and 4 4,3
d.
4 and 5 554




All of the following changes cause the equilibrium to Jelall 43 Dl dga ) oY) Lyl st 4060 Sl yaatl) IPEN

shift to the left in the reaction below except ae ol

CO(g) + 3H2(g) = CHy(g) + H,0(g) AH' = —206.5k]

Raising the system temperature ALl 5la sy ¢3) O
Adding a desiccant to the reaction vessel Jeldll ¢ley A China Jale L) O
Decreasing the concentration of CO GO 551k O
Decreasing the pressure Ll Jie O

DR MOHAMED ABDELSALAM 0502500589



30

CHM.5.4.02.003.06 Explain the effect of a catalyst on an equilibrium system

Textbook

Catalysts and equilibrium

Changes in concentration, volume, and temperature make a difference in the amount of
product formed in a reaction. Can a catalyst also affect product concentration? A
catalyst 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. To maximize efficiency, industrial chemists try to produce the most
amount of product in the shortest amount of time possible. As a result, many industrial
processes involve both finely tuned equilibrium conditions and catalysts.

Which of the following factors will MNOT lead to an

increase in the amount of substance produced’?

Chatlail saldl S sals y N

we2ss b Gahsll (1) el

Learning Outcomes Covered
o CHAM. 540
o CHM
r CHBLS 402021
A
Adding CO to the system Aasll €T )
b.
Removing CH;OH from the system Al e CHAC a3
C.
Adding Hz to the system Asall o Els)
d. o :

Adding a catalyst to the system

Al s sl

s o S S S ]




