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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




How much energy in joules is supplied by a breakfast

bar containing 240 nutritional calories?

SR dag s 2D Japdly WD ke L

T 240 Cal =  goas #
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CHM.5.5.01.001.08 Describe the relationship between the specific heat capacity of a substance and the resistance to change in

temperature

Texthook + Table 24 Practice Problems

7,89

CHM.5.5.01.001.08 Describe the relationship between the specific heat capacity of a substance and the resistance to change in

temperature

Textbook + Table 2+ Practice Problems

7.8

Equal masses of metals given in the following lable were left o

sit in the Sun at the same time and for the same length of time

| Silvar i.sal | Iron yaall | Gold_aib

ol Jgmall 852l Sl e duglg S Slp

Al Baadl ey cudgnll i A enddl

Aluminium r.t‘:-“h" The metal jl |

| 023549°C) | 0.4499°C) |  0.129 J/(g.C)

Which metal is the highest increasing in the temperature?

Aluminium

Gold

Iron

Silver

0.897 .J_,-'[g_'C} Specific heat Lzl sl |

flall a b aaly el ol il gl

LRI
Bl
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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




The same amount of heat is added to a 10 g sample  .&0ul ol € . 10 @ yatie fe N slall S0 i il

of each of the following metals. If each metal is initially 20.0°C & 3l (813000 Blall days calS 1)
at 20.0°C, which metal will reach the highest fia dage el 1 ey 31 U L
temperature?
The metal 3l specific Heat = 5l 5 ) sl
Beryllium a sk ! 1.82 )/(g.°C)
Calcium p sl 0.653 J/(g.°C)
Copper _dadll 0.385 J/(g.°C)
Gold walll 0.129 J/(g.°C)
Beryllium pski !
Caleium Py Ly
Copper ulaill
P O O
]
1
]
- Gold il
i
1
e o -




CHM.5.5.01.002.03 Calculate the specific heat capacity of a sample given its mass and temperature change [extbook + Table 2+ Example problem?2+ Practice Problems 8,9,10

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)

0.129 J/(g.°C)
b.
0.235 J/(g.°C)
0.380 J/(g-°C)
al
= 0.450 J/(g.°C)

DR MOHAMED ABDELSALAM 0502500589




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.5.5.01.002.02 Calculate the amount of heat released by a subslance as its temperature changes Textbook + Example problems 3 + Practice Problems 12,13, 14

How much heat is absorbed by 3.00 kg granite boulder 3.00 kg 1g3kS Cagball e S lguaias Al 5 3348 e
as temperature changes from 10.0°C to 45.0°C? 45.0°C 0 10.0°C e Lghs days a0 Lesie
(Specific heat of granite = 0.803 J/(g.°C) (0.803 J/(9.7C) = uiljall e pll 552l )

8.4x10* J
b.
84 J
1.1x10° J
d.

114
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What is the amount of heat (J) absorbed when 125 g 125 g s o Laie lgaliaial o3 Al (J) 3ladl jlaia L

of aluminium is heated from 25.0 °C to 105.0 °C? ¢ 105.0 °C 1 25.0 °C 5ha da0 (e a0

The specific heat of aluminium is 0.897J/(g. °C) 0.897 J/(g. °C )= apaialBl de gl 5))all

Learning Outcomes Covered

¢ CHM.5.5.01.008

d.
2690
b.
5860
C.
4650
al
1 8970




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 | il 2 gaialYl Laall
Gold Silver Aluminum Iron
Specific heat 0.129 0.235 0.897 0.449
Iron )

=
=
3.
=
=
3
!

Gold Cal
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5 CHM.5.5.01.001.04 Describe how chemical energy related to the heat lost or gained in chemical reactions (Exathermic and Endothermic reactions) Textbook + Figures 7, 8,9 15,16, 17

11 | CHM.5.5.01.004.03 Identify direction of heat flow (For Exothermic and endothermic processes) Textbook + Figures 8, 9 16, 16,17

CHM.5.5.01.004.04 Compare and contrast potential energy diagrams of exothermic and endothermic reactions in terms of general shape, enthalpy

9 Textbook + Figures 8, 9 16,17
of reactants and products, activation energy of forward and backward reactions, and enthalpy of reaction and its sign

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 Cold-p i o

; . Farass i Heat from

reaction or process you wish to study. Everything in the universe other than the system [ surroundings
is considered the surroundings, Therefore, the .. ... ¢ ¢ | NH,*(aq) + NOs(ag) ----------- e——
universe is defined as the system plus the = Products

. =
surroundings. £ AH = +27 kJ

universe = system + surroundings

) T S N—
Reactant

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).

Endothermic Process
AH >0

What happens in an endothermic reaction or

process? The flow of heat is reversed. Heat flows TR H TS Fmnickcm

Heat to
surroundings

T Lo M -

Reactants

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

AH=-1625k)

Enthalpy

.......................... 2Fe;05(5) «---vrvvnetennnannnns
Figure 7 In this endothermic reaction, the reacting Product

change is great enough that the beaker freezes to mixture draws enough energy from the water and the wet Exothermic Reaction

the board. board to cause the wet board to freeze to the beaker. AH<0




N’

In the endothermic reaction shown below, sbiaf sl Hlall saldl Jolill A
What is the heat flows direction? Cohall Jud slal b
povigall Sllwgsl Dol pgr )Wl JuiSayid (o ol
a mixture of barrium hydroxide and ammonium thiocy
crystals
wb) 29l
a wet board
Learning Outcomes Covered
o CHM.5.5.01.004
A A 0 O 0 P B 0 N5 A B S AL R0 RN SRR R SN SRS S B N S sk
1
a.;
i From the beaker to the wet board and water slally byl #l ) RGN
1
B A A A AU A A A A IO A A R AR AR AR AR AR N R A A AR AR
b.
From the mixture to the universe Gl N Ldall e
C.
From the wet board and water to the beaker ol o) shally ) gl e
d.
From the system to the surroundings Laddl ) Al o
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Which of the following statements is incorrect About the heat Pl 58l Jga dagnia pa A0 & lall

pack?
dislw dalesS
Heat pack
L
e
Learning Outcomes Covered
o CHM.5.5.02.004
da.
Heat flows from heat pack to person cold hands i) pas il gay ) sl 5oLl e dadl” -
b.i
: Heat flows from the surroundings to the system Al I lasaall e datt
C.
Heat pack is the system and person cold hands is surroundings O P T L T P- - [ XYPINE -1
d.

The reaction in this pack is exothermic 30 all o ik salsl

i \“-‘ J




L Which of the following is true regarding the figure

Tolial JCAIL Blass Lad moaa b Lea (4
below?

Reactants

—-4Fe(s) + 30,(g) —— -
alelazl) algl)

— Enthalpy ——

2Fe,04(s) -
Product

— b g s

2Fe,04(s)

Eun

The sign of enthalpy change is positive ansa (ball saaall 3 sl sl

This reaction is used in the Cold—Pack a3 SaleSH & Jelall 13 aadnd

The reaction is endothermic Hhall als Jelall

This reaction is used in the Heat—Pack

Al saleSh 3 Jelall s aadneg

 Which of the following is correct about the reaction with | fGsl Jsil ml i 4 - € adalaadl 53 Jelill Jsa buaa 2000 Sa !
the equation: A4 € ,shown in the diagram below?
1. | ___AH>0 | AH >0 A
L Hyroducts < Hreactants H_ o < Hows .
. Heat flows from the system to the surroundings Bl ) AED Se JES 5 ad A
I —— o
=3
g = AH
i
:,;‘ 1
- o----—--Y--
A. lonly __dld ) A
B.1 and Il only k& 151 .B
C. Il and lll only Emsn .c
D. 1 and ll only ,

bmsl D




L Which of the following is correct about the reaction with Sl magall 4 — € Addladdl 53 Jolil Joa Bomua AN S (6
the equation: 4 — ¢ ,shown in the diagram below? Faldal
I. AH > O
Il. Hprodltct: = Hreﬂcfnurs AH > O -l
1ll. | Heat flows from the surroundings to the system HE_-.-‘,;. < H gorian il
ABI A Bl S RS 31 ) m
| S S
= g I
=
- AH
S 3
—y
<
I» e T -
A. lonly hid | A
B. 1 and Il only Lik 151 .B
C. Il and Il only LB I 11 .C
D. 1 and Il only Lid | 51 .D

Which of the following is correct regarding the figure below?

=i
g E )
S A
3.
——alelazl) 5lgl)
Reactants

The reaction is an exothermic

Heat to surroundings

Calial U1l (3lany Lo zeasa Al o

e Elgd) e

5yhall )l Je bl

Tl ) 5al

The enthalpy of the products is less than the enthalpy of the reactants Ao linall 2lgall (g3hall (gginall e i sl (gl (gnnall




10

CHM.5.5.01.006.01 Define enthalpy (H) Textbook

Enthalpy and Enthalpy changes

The amount of energy lost or gained can be measured in a calorimeter at constant
pressure. (given the symbol qp) .

Enthalpy (H) is the heat content of a system at constant pressure.

You cannot measure the actual energy or enthalpy of a substance, you can measure the

change in enthalpy.
The change in enthalpy for a reaction is called the enthalpy (heat) of reaction (AH,y, ).

AHrxn is the difference between the enthalpy of the substances that exist at the end of
the reaction and the enthalpy
The sign of the enthalpy of reaction of the substances present at the start.

AHrxn = Hproducts - HreactantS

DR MOHAMED ABDELSALAM 0502500589
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7 [CHM.5.5.01.006.07 Define enthalpy (heat) of combustion, AHcomb while determining on what basis it is defined Textbook + Figure 7 14,15
12 |CHM.5.5.01.006.09 Perform calculations using enthalpy of combustion Textbook + Example problem 4 + Practice Problems 20,21
13 | CHM.5.5.01.006.07 Define enthalpy (heat) of combustion, AHcomb while determining on what basis it is defined Textbook 18,19
16 | CHM.A.5.01.006.08 Perform calculations using enthalpy of combustion Textbook + Example problem 4 + Practice Problems 20,21
CHM.5.5.01.006.08 Write a thermochemical equation for the combustion of a compound, while including the sign of AH and identifing whether
18 Textbook + Example problem 4 + Practice Problems 17,18, 21,22

reaction is exothermic or endothermic

The enthalpy (heat) of combustion (A H,. ) of asubstance is the enthalpy change for the complete

burning of one mole of the substance

Standard Enthalpies
Table 15.3 of Combustion

Sucrose (table sugar) Ci3H73044(s) —5644
Octane (a component of gasoline) CgHig(l) —5471
Glucose (a simple sugar found in fruit) CeHy504(s) —2808
Propane (a gaseous fuel) C5Hslo) —2219 |
Methane (a gaseous fuel) (Halg) —891 )

Combustion Reactions

Combustion is the reaction of a fuel with oxvgen
In biological systems, food is the fuel. Figure 11
shows some foods that contain glucose and other
carbohydrates that are readily converted to glucose
in your body.

You might heat yvour home or cook your food by
burning methane gas . The combustion of one mole
of methane produces 891 k] according to this
equation.

CH _(g) + 20,(g) — CO,(g) + 2H,O(1) + 891 K]

Some rockets are powered by the combustion of
hyvdrogen

H,(g) + 2 O,(g) — H,O®) + 286 kJ




™
{ What is AHcomb represents? J—-./\|
[ 1 mol + OI B AH = AHcomn ]
s qF

[ element or compoum;—] [—nny mole number ]

Which of the following equations represents a molar combustion equation?
. 2ZNOg + Ozgy — 2ZNO;y

. 25032 + Oz — 2503

. CsH12065) + 0025 — 6C00g + 6H20 g,

. 2Haig + O2gy — 2H20,

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

. CI.L;(;) + Zﬂz{g) — CG](;; + 2H,0q, + 891 kJ

Which of the following equations does not represent 3 ia) Jelis Jid Y A0l eyaladd)

combustion reaction?

DR MOHAMED ABDELSALAM 0502500589



CH4f.fI] + 202(,—;] -3 CDZM] + ZHQG“} + 891 kJ
25
CeHig(y + ?ﬂz{g) — 8CO0y(g) + IH0¢) + 5471 k]

1
Hy(g) + 502{.5?} — Hy0() + 286 kJ

27 kj + NH4N O35y = NHyq) + NO3 (a0

«BDELSALAM 0502500589




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

in order to liberate 8466 kJ of heat?

8466 kJ Ctu}] \@3):. a 9_'.1\ Clezzou ‘”)SJ\ s L

Molar mass &gl AL<)) AH, oy Formula iwall | Substance sl
342.3 g/mol —5644 k] /mol Cy,Hy,0;, Sucrose 3354

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

release 9983.5 kJ of heat?

im i () g (O o) S s
f5ial o0 9985.5K) £

The enthalpy (heat) of combustion of propane 2219 kd/mol & Al Sl @l iha)

AHeyy = =2219 kJ/mol (44.007 gymol slagl iyl AL

Learning Outcomes Covered

o CHM.5.5.01.006

Glisl e AHemp 45 Sl 48 L colal Ll
FCH, (ol &

Using the equation below, how much heat AHeomp

i released by buming 154 g of CH, methane?

(Molar mass of methane is 16.04 g/mol) (16.04 g/mol & (uall 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.i 1
; 8.60 x 10° kJ |
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How much heat is released by the combustion of 50 g 50g Gl e daslll §hall 4wl L

of hydrogen gas? oy ugdl G2 e
( molar mass of H,=2.0 g/mol) ( H: =2.0 gfmol 13yl 3k<l)

Hx(@) +50,(@) — HyO() + 286 kJ

29458 kJ

14300 kJ

572 kd

DELSALAM 0502500589




CHM.5.5.01.006.10 Write thermochemical equation for the changes of state (vaporization, fusion, condensation and solidification)

Textbook + Table 4+ Figure 10 19, 20

15 |CHM.5.5.01.006.05 Write thermochemical equation for exothermic and endothermic reactions Textbook 18,19, 22
4Fe(s) + 30,(g) — 2Fe,0,(s) AH =-1625K]
NH,NO,(s) — NH*(aq) + NO;(aq) AH = 27K]
Phase Changes for Water
A
--------------- HZO(g) -~ mmase e

H,O(l) — H,0(g)
H,O(s) — H,0(l)

AH, = 40.7K]
AH, = 6.01K]

H,0(g) — H,0())

AH_ =-40.7 k]

Hzo(l) — HzO(s) Ame = —6.01 k]
AH =- -
'n_'lp COnNG
&th = _ﬁHnulid

DR MOHAMED ABDELSALAM 0502500589

Enthalpy

AHyap = +40.7 kJ

AHong = —40.7 kJ

AHps= +6.01kJ |
' AHso“d = —6.01kJ




Which of the following represents the cold pack process?

85b 83leS
INSTANT
GOLD PAGK
~ N ‘7(:
4 »
:
| o NH4N O35

AN S A
SINGLE USE ONLY

53 SalaSh 8 a0 Adaal) B s Laa 5!

—+———— Inner bag of water

alall o 513 g

NH,NO3;;, + 27 k] — NHy,. + NOg .,

NH,NOs,, + 27 k] — NHj,q, + NO3 o,

H{ag)

NHyNO;,, — NH;I:W_, +NO;

+27k]

AM,,, = —27K]




Which of the following statements is not correct according to the
diagram shown below? el S g | s 8 00 )
A H,0(p)
Ay
%
£1 Ao
B H,00) \
Ay
™
H,00) v
A. The AH values of the molar enthalpy of vaporization and the Ayl 5 a0y Al Al )l pH o 65 A
molar enthalpy of fusion are positive - ik
B.  The AH values of the molar enthalpy of condensation and | sl ad s i ) sy AR &y § )l AH ad 105 B
molar enthalpy of solidification are negative e
C. The molar enthalpy of solidification and the molar enthalpy of Al sl A )l ) g o €
fusion have the same numerical values but with opposite g o A 0 el g )l A
signs
D. The molar enthalpy of condensation and the molar enthalpy of | Al s U Ly § )l sl Al g ok D
vaporization have the same numerical values with same sign Ay A gl A




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

ollal JS&N o 1ilais) dauawa Al @i lal) (o

o O —
AH,p
B3
-§ El. AHcond
3,
H,00)
AHfus
A,"solld
Hzo(s)

T

. The system energy decreases as ice melts and then
evaporates

o A ol mlil) jlguall aie Al A &5 A

. The system energy increases as water vapor condenses
and then solidifies

saaad ol glall i K e S Bl w3 B

as exothermic process

. The vaporization of water and melting of ice are considered 5l 3otk cille pBl jpas slall A clles bl C

O O m »

. The condensation and solidification of water are
considered as exothermic process

3__all 5ath saead g plal) BS5 el Liat D
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Regarding the diagram below for the chemical reaction Gy 3 AC (el Jelill slial (Sl nslls (3las Lk

A—C that happened in pack, which of the following is € o b L éi el &
correct ?
_l
1 %
2 5
= AH
B
Explanation il salasll & 55
Type of pack
(A) Aleliiall o gall (5 ol (o ginall o 381 (C) Al o gall (g ) ol o gimall Y HEw 1
Because enthalpy of products (C) more than enthalpy of reactants(A) Hot
AH <0 Y Al 2
Because AH < 0 Hot
(A) debind) S all g Al o yinall o O8 (C) 2l o) pall (g1l s sinal) Ty 3
Because enthalpy of products (C) less than enthalpy of reactants(A) Cold
AH >0 oY sl 4
Because AH > 0 Cold

1




Which of the following processes is exothermic? 5 sall 35 jUa 5485 400N Sl (g

| A Al

The vaporization of water

It i lgaail

The melting of ice

i eldl e, (K5

The condensation of water vapor
\Y; el aaas

The freezing of water

d.

| and Il 1]
b.

land I 1"
C.

Iland IV Vs
d.! :

Il and IV IV s




Which of the following processes are endothermic? 55 adl dale L0 Siglaall

C3Hs0H() — CzHs0H{g) '
NH3(g) — NH3() !
NaCl(s) — NaCl(l) 2
CsHyz(1) + BO,(g) — 5CO,(g) + 6H00) | *
1and 2 211
2and3 342
1and3 isn
2and 4 452




17 [CHM.5.5.01.006.06 Calculate the enthalpy change for different thermochemical reactions Textbook + Example problem 4 + Practice Problems 20, 21
Using the figure below, how much heat in (k) is required fo sl 4l (K)) fuags ) 4 La bl ¢ Vit e et eleased nfreezng 430§ veter? e 09 e B e
(Mular mass of waler=18.02 gfmol) (18.02 gmol = elll iyl 30 )
evaporate 156.1 g of water at 100°C? $100°C sys day o ol S——
(The molar mass of water is 18,02 g/mol) (18.02 g/mol sl slal & 4 ow
Ay 4407k
‘g_. } AM = =40.Tk)
§ o
Al w +B.01 k1
| =
Learning Outcomes Covered P e e e R MRS M E R R SR mRRmEmanE s R 1
o CHM5501.003
: 1.50 kJ ;

185

347

27.04 kJ

10.16 kJ

183.15 kJ
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Joia o 1Y Bl I DS JERD o ol ) o
29.59 p iy K e sl g¥ ol
tiackd el 1 L

Waler is sprayed on oranges during a frosty night. If
an average of 29.5 g of waler freezes on each

orange, how much heal is released?

(18.02 g/mol = ¢l &dsal LS )

( molar mass of water = 18.02 g/mol )

------------------------------------------------------------------------------------- Phase Changes for Water
9.84 kJ A
____________________________________________________________________________________________________ HO(g) ---------------
66.6 kJ Abyap = +407 k)
- = AH gy = —40.7 kJ
3195 kJ £ | d l
g 1 | 4 -=- HO(l) -----Tcemmenns
21636 kJ AHps = +6.01kJ ||
I AHggiig = —6.01kJ
--------------- H50(s) -—-—t---—-————
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What is the heat absorbed in vaporizing 9.01 g water? Teldl e D.01 g 48 tie Laledl 5lall luia e

( Molar mass of water=18.02 gfmol) (18.02 g/mol = Ll &dsall 3E<1 )

) Al ol i
Phase Changes for Water

s HaOtg)

AH = +40.7k)

Enthalpy

il A g

AHopy = —40.7 k)

L HOm

AHp, = +6.01kJ
AH g = —6.01k)

HzO06) X

3.00 kJ
b.

366.70 kJ
C.

81.40 kJ

i 20.35 kJ
DR M(

TIillltlLy




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

xthook+ Figure 13 + Example problem 5 + Practice Problen

23,24,25,26

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

l

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 k)
#1051 kJ
-129 kJ
+157 kJ




What is the value of AH for the following reaction? ¢ Aul Jelall AH das L

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

Use thermochemical equations (a,b and c) shown below: 2ol Aaiagall (Co b ¢ @ )dhall Al eV alaall axdiad
a. S + Ozxg = SOz AH = —296.8 KJ
1
b. Hz(g) + 502 > H20() AH = —285.8K]
c.  Hyg +Sg — HaS AH = —20.6 KJ
—1124 kJ

—603.2 kJ

—1206 kJ

—562.0 kKJ
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Using Hess’s law and the changes in enthalpy for the e il (ghall sraal & clually e el Ladis

following reactions afial

2C0¢g) + Oy = 2C0y  AH = —566.0 k]
Na(g) + Oz(g) = 2NO(g) AH = —180.6 kJ

What is AH for the following reaction? 200 Jolall AH dad Lo

—746.6 kJ
b.
-466.0 kJ

-192.7 kJ




20

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

Textbook + Practice Problems

27,28, 29,30

sl AHp (K)/mol)
Substance
NO2 ., 33.2
H; 0, -285.8
HNO3 ., -207.4
NO,,., 91.3

What is the A, value for the following reaction?

Learning Outcomes Covered

CHM.S
CHMLS.
CHM.5.
CHMLS.E

o 00

3NO, g, + HyO() — ZHNOg (g, + NOg,

+136 kJ

+ 368 kJ

e Jelall AH, Aes L

DR MOHAMED ABDELS

&LAM 0502500589




Using the values of standard enthalpies(heat) of formation AH L, Gasd Lo coliol Gl a8l 5)lpn o Lazanid

below, what is the .ﬁH:.,m value for the following reaction? ?v_i';u el

C,H,,0,(s) + 60,(g) — 6CO,(g) + 6 H,0()

Cngzoqs] HzO(“ COz[g} substance silal
-1273.3 -285.8 -393.5 (k}/mol) ﬁ.ﬂj—

~1901 kJ/mol

~2803 kJ/mol

-594 kJ/mol




Using standard enthalpies of formation below, o alal dalal CpsSll 5la aib lacdn

what is the AH_, value for the following reaction ? ¢ Jall Jelall AH y, fad L

22“5[53 + EOE(EJ i ZZDO(S} + 2502(3)

50z Zn0y InS substance sl
-296.8 -348.3 -206.0 (kifmol) AH

| ~901.3 kJ
b.
~270.6 kJ
| -593.7 kJ
e




CHI5.5.02.006.02 Identfy the standard enthalpy (heat) of formation of a free element in its standard state Textbook+ figure 15 + Table 5

21,28,29

_ ) .
{ What is AHr represents? J >

standard heat of 'ormalion

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

[ any mole number] [_any mole number J

Standard Heats of Formation

+33.2 - G NO.(g} =
AH1(NOD Table 5 Standard Enthalpies
------- 0.0 ----------------Niplg), Oxlg). Sts) of Formation
= Compound ‘ Formation Equation
E
% H2S{g) Halg) + Sis) — H:Slg)
7 AH3 (50 HF{g) TH:a) + 3F i) — HFig)
SOsg) | Sis)+30:(a) — SOs(g)
SFglg) Sis) + 3F{g) — SFela)

-396

-1220

AH7(kJ/mol)
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Which af the enthalpy changes in the following A el J gl i s e g Which of the enthalpy changes in the following s Jiah 2 cMelall i ghal cgindl 3 i
reactions does nol represent a standard heal of PAM d pfia e reactions represents a standard heat of formation (A H¢) Qs
formaion A, ? (AH) 2

Learning Outcomes Covered

o CHM5.502006

Learning Outcomes Covered

o CHM.5.5.02.006

2l
=]
»3
-

+
B3 —
—a
v
=
1
==
3

=
=
=,
n
|
| o
-3
A
=

N
e
X
+
2
=)
=
P
)
>
I
1
+
o
-
o
i

3 : E ;
S +§ Oyg = 3055 0; = -396K]

COg+ ;09 —»COyy ,AH=-283KJ

1
N0 +5 Oy = N0

0t3 M =-81K 25+ 30y ——» 2505 , AH = -T92KJ

S+ 3Fy = Fig K, = -1220 OFe,0yy —» 4Fey +30y, , AH = 1625k
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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) + 0305 = NOy + Oy AH = -199 K]
7 1

ENZ(g) + Oz(g) - Noz(g) AH = +33.2 k]
3| Ny + 20, - 2NO, AH = +66.4 K]
4 1

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

DELSALAM 0502500589




What is the standard enthalpy (heat) of formation ":"Hl" $80; <.l ﬂﬂ']'r il S0 Bl
for 80, compound?

25(s) + 30,(g) — 250x(g) AH = —792 kJ

=792 kJ

-396 kJ




Which of the following equalions represenis Jaa 2aly el dsghall Gl Aliladll o Al Y aleall 1.;l
a thermochemical equation for the formation of 1 mol tiaall lolla b snalis 50 80y o

of 80, from its elements in their standard states?

Learning Outcomes Covered

o CHM.55.02.006

d.
250, + 0z, — 2805, AH = —198 k]
b.i
: 3 i
] 5[;3 + EDm;] - 503(5] AH = =396 K]
C.
g a
35(s) + 5 0z(g) = 3503 AH = ~1188 K]
d.

25, + 305, — 2505, AH' = —792 K]




22

CHM.5.4.01.020.01 Calculate the average reaction rate using the equation of average reaction rate

Textbook + Example problem1 + Practice Problems

46, 47, 48, 49

23

CHM.5.4.01.020.01 Calculate the average reaction rate using the equation of average reaction rate

Textbook + Example problem1 + Practice Problems

46, 47, 48, 49

Average Reaction Rate Equation

Average reaction rate = —

Alreactant]
At

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 .1 0.00 min aiz 0.400 M e [[5] e
4.00 min &

aSlgiall 1y c¥ger delill de pw bawgia L

eaady JSI il

+=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




In the gas - phase reaction 1, +cl, —— 2101 I; + Cl; —— 2ICI Silal Jelall &

[1;]changes from 0.400 M at 0.00 s 0.00 5 22 0,400 M oa |y 2ol 585

to 0.300 M at 4.00 s. 4005 L30.300 M Y
What is the average reaction rate over )

molfl.s fa daglaall syl 35l Dla Jelall s Jagia ba
the given time period expressed in mol/L.s?

0.0250
b.
0.0350
0.870
d.

0.690




CHM.5.4.01.020.02 Compare the concentrations of the reactants and products during the course of a chemical reaction
24 Textbook 46, 47
(assuming no additional reactants are added)
25 |CHM.5.4.01.001.01 Define reaction rate while identifying its unit Texthook + Figure 2 46, 47
f quantity
unit
. X p——— symbol meaning
Rate reaction rate mol/(L.s)
. “« & * 3 . . .
v " S Kk specific rate constant different units
»
¢ ° . ®
S » .« « E 3 [A] reactant concentration mol/L or M
w - 4 'S « ¢ w
s < ¢ -
L & . s - » a v : s . ~. N
s . 4 e T w '3
® v & P a r -

Reaction: [ = {p

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.

Figure 2 shows how a reaction proceeds from reactant to product over time. Notice that
the amount of the reactant decreases as the amount of product increases. If you know
the change in a product or a reactant during an interval of time, you can calculate the
average rate of the reaction. Most often, chemists are concerned with changes in the
molar concentration (mol/L, M) of a reactant or product during a reaction. Therefore,
the reaction rate of a chemical reaction is the change in concentration of a reactant or
product per unit of time, generally expressed as mol/(L - s). Brackets around the for-
mula for a substance such as [NO,] represents the molar concentration of NO,.

Reaction rates are determined experimentally by measuring the concentrations of
reactants and/or products as an actual chemical reaction proceeds. Reaction rates
cannot be calculated from balanced equations.

Average Reaction Rate Equation

Alreactant]

Average reaction rate = —

At

DR MOHAMED ABDELS




27

CHM.5.4.01.002.02 Explain why a collision between two particles is necessary for a reacion to occur

28

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+ Figures 3, 4 + Table 1

Textbook+ Figures 4, 5, 6 + Table 1

49, 50, 51

49, 50, 51

. Carbon e

Nitrogen

. Oxygen

(b
@« &« & Q
e «~— —> —_— -
Collision Rebound Collision

Incorrect orientation

Incorrect orientation

°
&

Rebound

@ «°

()
@ a«®

©
@® @ +@ @ a®

Correct orientation
but insufficient energy

Correct orientation

— - —
Collision Activated complex Products Collision Rebound

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.




When the orientation of colliding molecules is correct, as shown in Figure 4¢, a reaction
can occur. An oxygen atom is transferred from an NO, molecule to a CO molecule.
When this occurs, a short-lived entity called an activated complex is formed, in this case
OCONO. An activated complex, sometimes called a transition state, is a temporary,
unstable arrangement of atoms in which old bonds are breaking and new bonds are
forming. As a result, the activated complex might form products or might break apart to
re-form the reactants.

Why the collisions between the reactant molecules success Ao lndl Mpall Sliie S oledloalll Caaas 13D
to produce products in the following reaction? T AEN Jelmll & aolall o] | b
Ay + - —_— 2AB

S 2 § & &

[ - -
" n
" n
a. n
E Because the molecules collide in the cormrect orientation, ABlall Lgaaly o oo aladW) B acleam il jadl o E
: and they hawve sufficient energy o react e L] J1SI :
" "
" n
" "
e o s -
b.
Because the molecules collide in the incorrect orientation, Al lgaaly o flalaldl sladl B axloam Saliagall o
and they hawve insufficient energy to react e Ll SIS et
C.
Because the molecules collide in the comect orientation, Ak lgaaly o oo sladWl B acleaa aljadl oY
and they have insufficient energy to react Jelol] LS e
d.
Because the molecules collide in the incormrect orientation, Alall lgoaly o Ldaladl slashil o adla Sl el o

and they hawve sufficient energy to react e linll SA1Eh




51,52, 53

26 | CHM.5.4.01.022.03 Describe the relationship bebween activalion energy and rate of the reaction Textbook+ Figures 4, 5, 6 + Table 1
29 |CHM.5.4.01.022.03 Describe the relationship between activation energy and rate of the reaction Textbook+ Figures 4, 5, 6 + Table 1 51,52
30 | CHM.5.4.01.022.04 Interpret exothermic and endothermic reactions using the collision theory Textbook+ Figures 4, 5, 6 + Table 1 51,52

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

. €= Activation

energy

_________ o

Energy
released
by reaction

l C0,(g) + NO(g)

CO(g) + NO(g)

Reactants

Products

— | Energy ﬁ

@0

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

@

COlg) -+ NOog)
Products
Activation
@ O =
absorbed
T by reaction
C04(g) + NO(g) 1
T L
s Reaction progress ﬁ

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.

What is the relationship between activation energy and chemical

reaction rate ?

1
2
3- The same

Direct proportional

Inverse

4- No relation
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Which of the following is correct regarding the two Tolaal (Zsl)onlsail Blaoy Laad mosa L Laa ‘__55

figures(l and 2) below?

O

Eneray of Reactivn e L S e Enevgy of Reaction e e Aals

Activated comples m —— * Botiol) amall
3 Activated comples
. R

COg) =+ NO(g)

COigy + NOL(g)

1 gt
Products

Energy

i

Reactants

Energy

e | —

-G
. e - —®

CO,(g) + NO(g) L COLg) + NOg)
leled) alall Reactens T Products sl
— o LS e — I ——— .‘J..:u;ll e ——-
Reaction progress Roaction progress
Figqure 2 <501 Fiqure 1 JS.511

In figure 1 the reactant molecules collide with enough lamll A1 AEla: Sl lnLll Sulha adleas 1 JISEW B
energy to overcome the activation energy barrier asl as, (Siean ic adlgill (S5 Jasimil A3Ua Gala e

and form higher energy products

The activation energy in figure 1 larger than activation 2 OSEN 3 Jasinll A8la e I QTN T &2 Jasimll A5la

energy in figure 2

«5;3) )l _‘_JLE- 2 __',‘S...'.'J| ‘__’_'l el
SLall Gale 1 JS2N 3 Jelall Loy

The reaction in figure 2 is exothermic,
while the reaction in figure] it is endothermic
mlasll 8IS AU SaBle Winall Sl anad 2 OSEN 3
oSl Al 3 males S50 daatmll Al Gala e

In figure 2 the reactant molecules absorb enough energy
to overcome the activation energy barrier and formm higher

energy products




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

it o

doiiial| samall Bl adaall
Activated complax Activated camglex

FTPTPEI RN T]

—— PN - —

Riaction progress

[ Jiadl
fiqure (1)

3 JEd
Flquere {23

1 i
L} i
[} |
1 . |
1 Energy is released in figure (1) while energy is absorbed 2) ._;E.‘.'.'-fj-'u.l.'.h‘_..ﬁ.‘; Ly (1) _'ﬁ.ﬂ'lfji.l.'.is_',lhﬁ i
1 1
] in figure (2) i
[} |
1 |
1 [
L} i
e o el

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




Regarding the figure below, which of the following is comect? L T 41_. Laa _';I ool JEAT, gl L

| incicates products while 2 indicates reactants Belodd o 2 A0 s baiy oy e 1 40 Sy

4 indicates activation energy while 5 indicates energy ALY e 5 AT S laiy Letll il e 4 A0

absorbad by reaction ol bpacias Al

1
1
1
1
1
1
1
1
1
1
1
[

4 indicales activation energy while 5 indicales energy ALl e 5 a0 Ly baly et Al e d A0 s
released by reaction Jalioll e Al
| indicates activated complex while 2 indicales reactants A linall dlgall a2 Gl T lady Jeliall el ] a0 s




represented by the graph below?

Energy of Reaction Je Lzl L

COfg) + NO,(g)

Energry
A0 et

&0

CO,(g) + NOig
4
Sl d
Reaction progress
4 3 2 1
oyl il 4l el e dadd) G
= o el oyl
Products Aclivation energy Energy released by
Reaclanls
reaction
el e L AL Lol Ul Il
Lled 3, sl g 10l i) —— s
Energy released Activation ener Producls
Reactants W by o
reaction
Joind 4l 2yl ol g dald) )
Aelad Jyd , =
Activation energy Broducts Energy released by
Reactants
reaction
Jelill e daald) A1) i Lsnl 2k
= Lalinl syl o
Energy released by Products Activation energy
Reactanis
reaction

R MOHAMED &B
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