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Perform interconversion between units of temperature and heat

The energy content of a piece of bread is 170 kJ 170 kJ i) dadd 3 52 g pall 48Ul AL

What is the energy content in nutritional calories (Cal) (Cal) 43l & jady ) 5 fiaa 54 La

711280 Cal a

40630 Cal b
40.6 Cal (03
20.8 Cal d
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Calculate the amount of heat released by a substance as its temperature changes

A 15.0 g piece of cadmium metal absorbed 32.() cal Shall e 32.0 cal gl 31 e 15.0 g LahS dadad Cocaiia
of heat. The final temperature was 62.7°C and the specific as2adSll A gill 5)l5ally 62.7°C ddlgall 5))all da o calS
heat of cadmium equals 0.231 J/(g.°C). 0.231 J/(9.°C)gsluss
What was the initial temperature? LAy 5)all A culS 13l
38.7°C | a
24.1°C b
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Describe how the same amount of heat affects the temperature of different objects of
the same mass

The same amount of heat is added to a 10 g sample A clall S e 10 g ket dne ) )l A juds il

of each of the following metals. If each metal is initially 20.0°C & 3B Jslaslay) slal) daj cals )
at 20.0°C, which metal will reach the highest 5 da el ) dea EN -
temperature?
The metal il specific Heat 4 sill 5 ) )
Beryllium a s 5l 1.82 J/(g.°C)
Calcium a saad\S]) 0.653 J/(g.°C)
Copper _«adll 0.385 J/(g.°C)
Gold el 0.129J/(g.°C)

Beryllium a s 5l a

Calcium a saadlS]) b

Copper il c

Gold =il
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Calculate the specific heat capacity of a sample given its mass and temperature

change
A 355 g sample of unknown substance was heated & 22.4 °C (ja daglaa e Bala (30 355 g i€ i (pda 3
from 22.4 °C to 43.6 °C the substance piece absorbs
AL e 6.75 kJ Adaad) (DIA s2lal 038 cuaialy 43.6 °C
6.75 kJ of energy.
Using the table below, which is the substance? fhalall 8 e oolal Jgaall Laddni
Substance cadll sl a syl sl saLdll
Gold Silver Aluminum Iron
Specific heat 0.129 0.235 0.897 0.449 de gl 50 al)
J/(g-*C) Me."C)
Silver iadll a
Gold il b
Aluminum assial¥ c
Iron 2aaa) d
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Differentiate between the system, the surrounding and the universe

When you hold ice cubes in your hands iy G i) adad dlewal Ladic

-
l:“‘h,f

Croad) ) i) adad opa B ) jad) Ja

Heat is transferred from the ice cubes to the hands.

gl adad ) aa) (e ) ad) Jai

Heat is transferred from the hands to the ice cubes.

il adad ) ) e 30 jad) JRSE Y

Heat does not transfer from hands to ice cubes.

31 all 3 s il gl dylas

The melting of ice is an exothermic process.
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Identify direction of heat flow (For Exothermic and endothermic processes)

Which of the following is correct regarding the diagram

and figures (1) and (2) below?

{ Figure (2) JS23 ‘ Figure (1) J<

(2) 5 (1) Gy Sl sl 3laly Lo inaa s Laa

Enthalpy

eslaal

#15J) Products

The graph shows that the reaction is exothermic
and is used to warm cold hands in figure (1)

p2aady phall e deli) of Al sl painsh
(1) JS2D 8 onn)ld) (pall A8l

The graph shows that the reaction is endothermic
and used to warm cold hands in figure (1)

piady hall Gale delith) of ) ol munsd
(1) JSab 8 an)ld) ool sl

The graph shows that the reaction is endothermic

and used to cool the leg of a person in figure (2)

paandy Hhall jale Jelal of Sl i) maagl

The graph shows that the reaction is exothermic

and is used to cool the leg of a person in figure (2)

paindy Hlhall 3l Jelal) o Sl pesl) gt
(2) =& 2 el Gl uyal
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Compare and contrast potential energy diagrams of exothermic and endothermic

reactions in terms of general shape, enthalpy of reactants and products, activation
energy of forward and backward reactions, and enthalpy of reaction and its sign

Which of the following is correct regarding the two ealial (251) Sl e Lo e b Laa éi

figures(1 and 2) below?

dalud) saall

A Actrvated complex ;’ ::L. 2 “
+ 3 Activated complex
Qo Q@
CO(g) + NO,(g) Sl M
- CO(g) + NO,(q)
53 | e By
™ ) alatial! alyl)
* 0 C) g3 Reactants
| A + &
CO,(g) + NO(g) [+ T
] | CO,(9) + NO(g)
aletaat) ,\;1: -R;;(-mng; ------------------------------------------------------------------------ ;fodu(“ e
e S L) e D —— -_— Je i) o C——
Reaction progress Reaction progress
Fiqure 2 JS&J1 Fiqure 1 JSA01
In figure 1 the reactant molecules collide with enough aliall 26818 Alay cllelinad! Gl alam 1 JS3 o
energy to overcome the activation energy barrier 8 A s v sl Gy Janin)l e jala e
and form higher energy products
2 Sl & dastl Aills e sl 1 S8 dasal) 3l

The activation energy in figure 1 larger than activation
energy in figure 2

C

hall sl 2 JCan 3 Jetall

The reaction in figure 2 is exothermic,
shall pale 1 JSAI 3 Jeladl Ly

while the reaction in figure| it is endothermic

In figure 2 the reactant molecules absorb enough energy caliall 4418 a8l cdle linall clija i 2 OS2 3
) 3l el algs J€n g Japtiall Al Gala e

to overcome the activation energy barrier and form higher

energy products
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Write thermochemical equations for the changes of state (vaporization, fusion,
condensation and solidification)

?SJ\JLU Lol :‘\:\.‘UJ'I ‘L‘I:‘L“J‘ é\

Which of the following processes are endothermic?
C,HsOH(l) — C;Hs0H(g) !
NH3(g) — NH3() 2
NaCl(s) — NaCl(l) 3
CsHqz(1) + 803(g) — 5CO3(g) + 6H;O0(]) 4
1and?2 251 a
2and 3 352 b
land 3 351 c
d

2and 4 442
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Perform phase-change calculations using enthalpy of fusion, vaporization,
condensation and solidification

What is the heat released in freezing 4.50 g water? Solall (e 4.50 g 2eas 2o danlll 5l jlaia W
( Molar mass of water=18.02 g/mol) (18.02 g/mol = ¢lall Adgall 31<) )

Phase Changes for Water
sl Ul ol s

AH,p = +40.7k)

AH gog = —40.7kJ

Enthalpy
PRI ppreet]

A4

i H,0m

AHp = +6.01kJ
AHoq = —6.01KJ

1.50 kJ a
27.04 kJ b
10.16 kJ c
183.15 kJ d
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Define molar enthalpy of fusion and solidification, and explain the relation between them

Which of the following daaia 401 clddal) o
relationships are correct?

AHgolig= — AHgs | 2

AHvap = + AHcond b

AHgolig = — AHyap ¢

AHgs = + AHcond d
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Perform calculations using enthalpy of combustion

What mass of methane CH, (by grams) must burmed

in order to liberate 3564 kJ of heat?

(Molar mass of CH, =16 g/mol)

25 iy A (laball) CH, i) S L

5all o 3564 kJ

(16 g/mol= CH, J &5 21l

Substance sl Chemical formula &sias)) Aiwall | AH oy (kJ/mol)
Methane (il CHy(g) -891
16 g
32¢g
64 g
96 g
11
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Calculate, using Hess's law, the AH of a reaction

Using Hess's law and the changes in enthalpy for the

following reactions:

e lall gl ginall 8 eyl o Op6 Lot
Ak

Cis)T02(g) — €Oz

1
Hzg) 5 Oz > H20q)

CH4(g)+202(g) d COz(g) + ZHZO(I)

AH = —393.5K]

AH = —285.8K]

AH = —890.8 K]

What is AH;r for the following reaction?

A deloll AHF il L

Cis) T2Hy(g) — CHyg)

—74.3 kd/mol

-212.3 kd /mol

-181.2 kd/mol

—-233.4 kd/mol

12
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Calculate the Enthalpy of a reaction, using the standard enthalpies of formation,

Using standard enthalpies of formation below,

what is the AH,,, Value for the following reaction ?

¢ olial Aull) (Sl Bl pm b Laddnut
§ ) Jelisll AHpyy 4ad L

ZZHS(S) + 302(g) - ZZHO(S) + ZSOZ(g)

50;(g)

ZHO(S)

ZnS substance salall

-296.8

-348.3

-206.0 (kj/mol) AH

-270.6 kJ a

-593.7 kJ b

-878.2 kd ¢

-901.3kJ d

13
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State Hess's Law —Describe the rules to be followed to apply Hess's Law

o2 O 2 S
Olglas 34s 51 bl glas  Jolid) & slgu 45U Aad AH Jolid) 3y @
JoUdl e ox @) lgladt o Gl g ase BEWN 315kl Jelidl 3 A1) 1kl dab o G5 AHL felidi 5> @

Study the diagram and deduce sl 8Bdal) giiind g JS) o)
the correct relationship for Jelail) o A cibuwal
calculating the heat of reaction.

A— D AH =72

AH — AHl T AHZ B
AH = AH, + AH, b

AH

AH, + OH, + AHy ¢
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Identify the standard enthalpy (heat) of formation of a free element in its standard

state
In which of the following equations, does the change in enthalpy Bha Usle (ghall Gonall J sl 058 Al calad) __5i <
equal standard enthalpy of formation? Al el
1 — k a
ENz(g) + OZ(g) - NOZ(g) AH = +33.2 ]
1
2NOg) + O35 — 2NOy g AH = -116.2 K] c
NZ(g) + ZOZ(g) - 2N02(g) AH = +66.4 k] d
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Calculate the average reaction rate using the experimental data

In the reaction : 2HI(g) = Iy + Ha(g) 2Hlg) = Ipg) + Hyg) el &
the concentration of HI is (0.045 M at the beginning of the cdelal gy 2ie 0.045 M HI S5 yls
reaction. At 3.00 s the concentration of Hl is 0.030 M. 0.030 M HI ;€5 JI€3.008 50 2035

What is the average reaction rate over the given time period? ¢ Lagleall Aoyl 5pall DA delall ey biesia b

+0.005 mol/L.s a

— (0.005 mol/L.s b
+0.015 mol/L.s c

- 0.015molL.s 4
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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

Why the collisions between the reactant molecules success delid dgall Glija o cilasbeall caas 13k
to produce products in the following reaction? £ 0N Jolinll 3 zslgall 2 lu) 8
A, + B, — 2AB

0 3 ‘ :
8 & - - @

Because the molecules collide in the correct orientation, Al Loy ¢ s a8 aaliam Slijall o a
and they have sufficient energy to react Je lantl 281N
Because the molecules collide in the incorrect orientation, Al gl ¢ p daladl olan) & b Slisial) o b
and they have insufficient energy to react Jeloll 46lS e
Because the molecules collide in the correct orientation, Aala Lgaals ¢ prasaa oladl] B adliat Ciliial) o
. ) Cc
and they have insufficient energy to react Jdelall 44618 ye
Because the molecules collide in the incorrect orientation,  dilkll lgalg ¢ : alall slady! & paleas Sl o d
and they have sufficient energy to react Jelall sl
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Describe the relationship between activation energy and rate of the reaction

s o La i) g A0l ABUal) cidaladia (g2

Activated complex Activated complex

T Reactants T

> >

o (=]

24 g

QL v

(=4 =

w w

= s Reactants

€ =

O Products ] Products
2 =

o o

o o

Reaction Progress — Reaction Progress ——

S8 gt ABUa A1 (¥ o) 2 A el
i i A Al (Y g ) 2 B Jeli

2S) Japdii A8 4 (N E ) 2 A Jean)

AShidddbd Ne W 2 B el
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Explain how the exponents in the rate equation for a chemical reaction relate to the
coefficients in the chemical equation

The rate law for a certain reaction: o el deyud) )58
is Rate = k[A][B] Rate = k[4][B]* »
if the concentration of B is Doubled, and all other conditions remain il gAY gyl (S cug B S el 1Y
unchanged, how does the reaction rate change? ¢ el doju s (i
Decreases to a quarter of the initial reaction rate value A depudl A ) ) S a

Quadruples (increases 4 times) gl b
Decreases to half of the initial reaction rate value A0y dejudl dad Ciad I Ji c
Doubles e lan d
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Use the method of initial rates to write rate law of reaction

Using the experimental data in the following table e linll do pall 58 Lo o Ul Jooadl 8 Ay el cilila) adns

What is the rate law for the reaction?

2NO(g) + 02(g) — 2NO0y(g)

Alaty) de ) Sy 5 ) 3 A il
Initial Rate Initial concentration Initial concentration Trial
(mol/(L.s)) [0,] (M) [NO] (M)

0.0041 0.020 0.030 1
0.0164 0.020 0.060
0.0328 0.040 0.060 3

Rate = k[NO][O,]
Rate = k[NO]?[0,]?
Rate = k[NO][0,]?

Rate = k[NO]*[0,]

2]
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Explain the function of the specific rate constant (k) in rate law equation

Decomposition reaction of H,05: iH,0, el Jeli
2H303(aq) = 2H30(aq) + O2(g)

is first order, and the graph below shows relationship deju O ALl JGH Ll a)l) gy (A s

between the concentration and its rate of decomposition, 1.50 mol/L (gsluss [Hp 03] (35S Ladie o)S g 4S54

when [H,0,] equals 1.50 mol/L Tk Zucsill dejedl oyl Aasaal) Sangll s b Les (g

Which of the following is the correct unit of specific rate

constant k?

Initial Reaction i,-u:-[_;vod.]siaé‘ Fr
" Rate v. [H,0,] 1 02 '
? 3
x 3%
& 0.600 g 2 10.600|
[y =
e jx E 0.00
85 0400 / 2E
TE
£ 0200 / D 0200 ‘
"
= 0
= ¢ 100 200 3.00
= 100 2,00 300
[H,0,] (moliL) [H,0,] (mol/L)

L/(mol.s) a

L*/ (mol*.s) b
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Calculate the instantaneous rate of reaction from experimental data - calculate the
concentration of a reactant using the instantaneous rate of a reaction

- ) Jelil
2NO + H2 —= N2O + H20
Sl el il 4l
Rate = k [NOJ2 [H2]

doe ¢l de )l <l
k=2x102 L2 mol2s'!

ol cleliiall 38 5 aie dhalll Jeliil) de ju Gl

[NO] =0.02 M 3 [H2] =0.04 M

3.2 x 103 a

6.4 x 103 b

8.2x 103 c

9.3x 103
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Calculate the instantaneous rate of reaction from experimental data

el w0 3B Ol cmale 13)
CH;;CHO(K, - CH.;(EJ + CO(g)

R= k[CH,CHOJ? PN

(oY st 365 42l UL dadd Sl shall sa Lamzuls

ASIY Ae et IRV S
(mol/(1-s)) [AI(M)

2.70 x 107" 2.00 x 10~ 1
10.8 x 101 4.00 x 10 2
8.00 x 10~ 3
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Describe chemical equilibrium using reactant and product concentration-time graph
or particulate diagrams

Which of the following is rue for a chemical reaclion al

equilibrium?

gy | T __,:'_..5_- S Jolil maa b Lee i

Both the forward and reverse reactions stop i ) SNy ¥ JelED (e DS a

The rale of the forward reaction equals the rale of ad Jelall ds g gylea Ll Jelall ds s b
reverse reaclion

The concentrations of the reactants and products equals Jhea sld danlil) oyl dleliodd oylD S5 c
ZEMQ

The concenltralion of the products more than the Alelind 30 K5 s Sl dasll 00 K0

concentration of the reactant
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Write chemical equilibrium expression for a heterogeneous equilibrium system (Keq)

In the following table, what is the correct equilibrium (o3| Jelill maaall GV Gyl Haad La o JGI Joaadl A

constant expression for the corresponding reaction? AR
YN Gl s Jolall
[ H.][1;]
e Hz(g) + 12(g) = 2HI(g) A
Na,CO,](CO,][H,0 ™

[ = agwj]’} ]| 2NaHCOs(s) = Na,COyls) + €COAlg) + H0(g) | &
CH,][H,0
M CaCOsl(s) = CaOls) + CO,lg) D
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Calculate the equilibrium concentration of a reactant given the concentration of other
reactants, products and equilibrium constant at a certain temperature

The reaction N204, 7= 2NO2(g)  reaches s N dar N20gpy &= 2NOzq) el
equilibrium. If the equilibrium concentrations are: te IRV e DSIAl cal 1A Y
[N,0,] = 0.0185 mol/L [N204] = 0.0185 mol/L

4.32 s Jelall 13gd Ko )Y culiy
Keq is 4.32
What is the equilibrium concentration of NO, in mol / L fmol /Lsxss NOp IOV 585 Lé

0.2343 a
0.2827 b
0.0132 ¢

0.9854 9
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Explain the effect of changing temperature on an equilibrium system

What is the effect of lowering the temperature on €l o 31 e 5 ) all 4 o s 3L

the following equilibrium?

CHyg#Hy0p = CHyCHO  AH = -151K]

The equilibrium shifts to the left Joudh 3 o) 3 a
The value of K., does not change Keg At i b
Produces more CzH; 93 i CoHy e 23 c
Produces more CH;CHO CHyCHO (e 234 d
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Explain the effect of changing the volume and pressure on an equilibrium system

According to Le Chatelier’s Principle, when ) OB JE aaall uh ladie iyl Tasal g
volume increases, equilibrium shifts to the right in e L) @ Al ea L sy 3 el dgn
only one of the following. To which of the 1 gulay A
following retractions does this apply?

Hag) + lag = 2HIg 2
2C0() + Oz = 2C0y °
Sig + 0219 = SOz ©
PClsig = PClyg + Clyg |
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Explain the effect of changing the concentration (Adding reactants or removing
products or adding products) on an equilibrium system

In the equilibrium below, How is the increasing of Ny Cuagiall Jle 35 Baby pf s bl oY) "

the concentration of N, gas affects the equilibrium? Sl el e
N,(g) +3H,(g) 2NH;(g)
The equilibrium shifts to the left Jbadl g5 GIEY) aage 21
The equilibrium shifts to the right Ol g3 OIRY) auaaga i
Increases the concentration of H, Hy 385 (e a3
Decreases the concentration of NH; NH; S5 e
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Explain the effect of a catalyst on an equilibrium system

What is the effect of a catalyst on a chemical reaction in equilibrium? Tl Al A :lrui Jeli o Glisdl Ha
Speeds up the forward reaction sl .;«‘-n'ﬂ el ds g e 1
more than the reverse reaction 'O A

oSl ol s 5e

Changes in the amount of product formed Ayl A3l salall duaS B i .o B
Speeds up the reverse reaction I &l Jolitl) o e s
more than the forward reaction o C

_!..'.J}.'n ol Ze g S

) Alla g JS5 Je i) Juay
The reaclion reaches equilibrium more quickly el ol e O D

Sl 05113 Gl § ekl Gl (il 50




