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Energy

Energy :-isthe ability to do work or
produce heat

Energy cooks the food the vehicles that
transport Electric energy manufacture
movement and thought requires energy

It exists in two basic forms:
potential energy and Kinetic energy

Kinetic energy is energy of motion.

the kinetic energy of a substance is
directly related to the constant random
motion of its representative particles
and is proportional to temperature

Potential energy is energy due to the
composition or position of an object
The potential energy of a substance
depends on its composition: the type of
atoms in the substance, the number and
type of chemical bonds joining the
atoms, and the particu- lar way the
atoms are arranged.

energy change for skier on downhill
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calaall aast sy) : ) 8 Energy and Chemical Change &yflas)l olpgillg &8Ual)

(2u)y=0 ol @ Yol (oilall) aslall boas (y9ild
Law of conservation of energy first law of thermodynamics

i Y g Gaaied Y \gdst g QAT ) IS ¢ ABURY Jgati 0 (iSay Al 1 Asles gl (Al Jo Ui (o)
In any chemical reaction or physical process, energy can be converted from one form to

another, but it is neither created nor destroyed ‘
@433.3&33\,35}15&‘,‘9 diliasst) Aalaty $ gl

T

Chemical systems contain both kinetic energy and potential energy

wa ) Ao Qlisl b giu sie 48Ual) Y gal A L
What are the energy changes when a book falls on the ground?

~ddd LR el sie 48Ul e gl 4 L
What are the energy changes when a piece of wood is burned ?

ABUaY) Y g Aila 9 gl gil) Adana 3 il ) e plall (30 Laaic
water rushes through turbines in the hydroelectric plant Energy change

=T111) ¥ TETENPN VAR VIR TR WX WO =P Ry PETPIIE DUUR VIR VIR WE WY = G (T Aal) oy
L A8 Y

ST a gyl S sady S Gl y sgall Lags Vashs CaHg sl 6 oy R
B By b gl Jaal o) B A Al gl ABUa ) A g s lall g 599 Sl pas] (A U gSa

propane gas CzHg combines with oxygen to form carbon dioxide and water. Potential

energy stored in the propane bonds is given off as heat

reactoin equation Je il dataa
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Chemical potential energy  au\wasli\ o9l ad\lb -

Energy stored in the chemical bonds Balall Aibrast) Jag g )11 (8 45 Al A8UN A
plays an important role in chemical reactions. .4zt Dol 3 laga )99 qali Lgia)

A B gl 8685 Gy gyl g (g 8D ) 3 i 5 e il CagHg gl Amilaansl) aa ol A8l
L by

the chemical potential energy of propane results from the arrangement of the carbon
and hydrogen atoms and the strength of the bonds that join them.

81 adl dualall cdle L) g 5 ) jadl 3 jUall coleldal) 8 Al aua gl d8Ual Ciaay 13

How does the chemical potential energy of a system change during an endothermic and
exothermic reaction?

5_)jall dalal) cdle il B_)padl 5 jlal) cdle L)
endothermic reaction exothermic reaction

:@m\m\z\géuu\gsymkn

Distinguish between type energy in the following examples.

Sl @ .C 5 ) B (Shaiia bl A
a stock-car race an avalanche of snow two separated magnets
Graidand F Ay B cliadll Juab |E #.D

a burning candle separation of charge in a battery a mountain stream
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Energy and Chemical Change awlbwadl) wlpaillg adlall

3 ) ) ) CALW aad) (e JiiS ABUa A
It is energy flowing from a warmer object to a cooler object.

B obad) &l e g (- lsStad) (& s Sl CgHg R WA TRV (BN @
Energy in gasoline converted and released when it burns in an automobile engine?
& paid ol el o o L g ) gtSall o ag i ) (S g3 AiliasSl) auda gl A8l (a8 G J Ty
BB ga B Gl (LS HY) b 4 il Ailassh) puda gl ABUa (e TS e S oSy B sl
When gasoline burns in an automobile’s engine, some of octane’s chemical potential energy is converted to
the work of moving the pistons, which ultimately moves the wheels and propels the automobile.

Measuring 8)\y=)\ pu\ud -

1C A slall ¢ya 10 31 ua A d ad )t Aa U1 31 ad) daS A _adll

A calorie (cal):- the amount of energy required to raise the
temperature of one gram of pure water by one degree Celsius (1°C).

ABUall 3 jUal) Jeldil) 1aa slall g ¢ g S daaaS] AU T g8 amaadl A G gaall g Sl ey ja alaai
When your body breaks down sugars and fats to form carbon dioxide and water, thes

exothermic reactions.
heat energy units 4 ) 4ual) Claa g

[ Jsally clan sl L gal) AUSE (3 g 5 ) ) ABUl) i ]

The Sl unit of of energy and of heat is the joule (J)

o5\ sl g)bﬂb@\w\)’.‘d\aﬁﬁﬂd\u
How does the nutritional Calorie compare with the calorie? What is the relationship
between the Calorie and a kilocalorie?

L'Jba.“ PN u.uL"é Clda g
Unit of energy

A8 ) ol Jsad
Cal cal y

1J= ..vivivvveee.Cal e— (1 cal= .............])
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Express 250 cal in duag 250 cal (s
J.B Cal .A

< jrally AR (g gl 283 10. 46K] 75 JeSslad) S (e 1g @ 2 n
When combustion of one gram of sugar releases10.46KJ . How many Cals are released?

KJ 52a 53 cibllaf 30 30 2 ylaha La 52, 3Cal A8Ual .\Jthdsl.ﬁélkgn
An exothermic reaction releases 52.3 Cal. How many KJ of energy are released?

Bas o) 038 oy Jygail) Jalge & L 2. 5cal st ED Jadly Wt e Alall 3asaa Baa g e
B i g J sl

Define a new energy unit, named ED = 2.5cal. What conversion factors relate this new
unit to joules? To Calories?

Compare and contrast temperature and heat. 50 adl g 3l adl da o i JilBg o8
Heat BN Tepmreture  5luadl 40 4 jBal) 42 g
e JEiy ABUal) QL&) (e JS& 4 48 jal) Bl Jaral (bl A 2 sgial)
S0 S8 )80 Y salal) Balall Lga (19 A Cilagaual Concept
energy that is in the process of measures the average
flowing from a warmer object to kinetic energy of the
a cooler object molecules of a material.

unit 3l

ol 31
measuring device
bl 4L
measurability
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o)l aasl sl) : 36w g Energy and Chemical Change &uuwaud)l olpsillg &8\l

e 1) Js:ﬁ\ s A0l Jms ol

Which sentence describe the adjacent shape

Ygél'ﬂ':“‘J:‘s‘Xgéuw\ 3.6x10°J csswyuﬁ‘um‘

Energy of X > Energy of Y Energy of Y =3.6x10°J
355 Cal g gbesi X (-2 4kl x‘_,éte.hpwgéaéw@)

Energy of X =355 Cal Energy of Y > Energy of X

Cal L3 @ ) (o dpaS ST e o sing b Laa
Which of the following contain the highest nutrrtional Caloroies

10 Cal @ 9600J @ 1000cal 86.5KJ @

298k (25°C)aic Bacoill Byly=dl A specific heat aucgill 3)l)=l\ -

Substance Specific heat
J/(g-°C) JA\J@\HSJ\JA&%JA@JSLJM\SJ\JAJ\@S‘;_A

Water(l) 4.18 Baa) g A jalu da a Balal) (e
Ethanol(l) 244 It is the amount of heat required to raise the
Water (s) 203 temperaturg of one gram of substance by one
degree Celsius?
Water(g) 2.01
Beryllium(s) 1.83
Magnesium(s) 1.02 ~
Aluminum(s) 0.90 ( o \gilds
Concrete(s) 0.84 SY) Lo 5l 50 ad) dllial Al Balal)
EETEG 0.80 What does the highest specific heat
Calcium(s) 0.65
Iron(s) 0.45 ' Bl daja ) ’Jm HE @
Strontium(s) 0.30 Show less change in temperature.
Bsallr\i/jrrng) 00.22044 | oy Jsdy ik g ) 5l a)) sy @
: - The substance gains and loses heat slowly.
Lead(s) 0.13 |
Gold 0.129 Fyad 2

4.184/g.C  slall e 5l 551 adl o) (ad 1ika
What does the specific heat for water = 4.184J/9.C mean?
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JHEN (e 109 31 da 2 gt a sk Laa JAS) slall (e 100 B0 Ao a8 JiS) 8 s a3k - i 0t BTG
Explaine why it takes more heat to raise the temperature of 10g of water than 10g of ethanol.

AN s Lagd sl (pa depaS g Ao dadad puy 45l
Comparing between a piece of concrete and water have the same mass.

Specific heat 4 il 3 ) ) Substance 3akall
4.184]/g.C water stall
0.84]/g.C concrete Aiiewy) daldl)

3&‘3%3&3@J44&'J\JA&+J4@J5J,\S§aﬁl.hcli;gla@_ﬁ E
Which one needs more energy to raise its temperature by one degree Celsius

sl (e gy M\@@MY\&A}J\M;J&&
Why concrete pavements heat up faster in the summer than water.

Auiloll gl 3398001 3)1)=ll &uns s\ul
Calculating heat released or absorbed.

q=CmAT

ddiaal) g Adlhial) 31 adl dsaS Lgale adind A Jal gal)
Factors on which the amount of heat released or absorbed depends.

................................................ 3 . Evad-Altiti--«sdaulall- 25\ Evad-Altiti--wslaalall

Aaladl) g) ALY § i jad) daS Lgle aaind 301 ol gadl (e b Lan 51 [N
Which of the following is a factor on which the amount of heat released or absorbed depends?

® @ ®

Specific heat 4 5il) 3 )l volume  axall mass ALl

st (D (D) @ s®© ®sOB® @Ds@s60®
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33.8C° Y 25.8C° o pssial¥) (e 500g 51n a3 &b e U1 55 all i)
(C=0.893/(g.C)
Calculate the heat needed to raise the temperature of 500g of aluminum from
25.8°C t0 33.8°C. (C=0.89J/(g.C)

20 K ey g5 ) s ad i Latie 1 050K (aiaisg70 g WALS Bala (e Al Ao i) 3 ) ad) s [
Calculate the specific heat of a sample of a substance that has a mass of 70 g and
absorbs 1.050 KJ when its temperature is raised by 20 K

¢ Ayilgdl) plall 5 o Ay 3 (985 4S8 10Cal 48a 20°C 51 a dp 3 dis pladl 30200 g (alkal 1)
(4.18 J/g . C°) slall due 4il) 3 ) al) ) Lale
If 200 g of water at a temperature of 20°C releases an energy of 10 Cal, what will be
the final water temperature? Note that the specific heat of water is (4.18 J/g.Co).

(6 gt (333 30 ABES () Lale 25C (32330 (3 200mI 50 a & pa g Jsn sbslly A ) 48U Gunss)
C=0.14J/g.C° «13.6g/ml
Calculate the energy required in kilojoules to raise the temperature of 200ml of
mercury by 25C, noting that the density of mercury is 13.6g/ml, C=0.14J/g.

1.96KJ o<ias 1.0 mol JS &) Wl ( In=115g/mol ) asai) Gnal 4o 6l 3 ) jal) s P2
313.6 K (1299 K (a (A Ladie
Calculate the specific heat of indium metal (In=115g/mol), noting that every 1.0
mol absorbs 1.96KJ when heated from 299 K to 313.6 K.
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(slagall aast 3l 3 48 Energy and Chemical Change &)l olpusillg aélall

da 0 A el o cuale 13 Bl (e 5475] cualiald 2000 WALS 4 ggaa Bala (e Ade it [T
Balall B (38 yal) Jgaadl o a8l 5C° (g sbews i) A
A 200 g material is heated the temperature increased by 15°C when absorbed 5475J energy.
using the adjacent table to detrmine this material

Specific heatdzs sill 51 adl Substance 33l
4.184 Water sLal)
2.44 Ethanol Jsiay)
1.825 Beryllium  asslisd)
1.023 Magnesium  a gauiiall
Ethanol  Js Water ;w@
Beryllium agsbi sl @ Magnesium aM‘@

Bk g Auadi B gl § (uadd) dadil ciad udadl) g pand) g A g o gaie oY) (e A sleia (IS Carida g
AV (e I SAN G Y g AT s A 3 a5 NN b (38 pal) Jgand) o Jadine Badaa dula
&Y\ UJ‘ ;\QJA

Equal masses of aluminum, gold, iron, and silver were left to sit in the Sun at the same time

and for the same length of time. Use Table to arrange the four metals according to the
increase in their temperatures from largest increase to smallest

Specific heatds sil) 3 ) al) Substance 3kl
0.129 gold Au <l
0.449 iron Fe
0.235 silver Ag 4
0.897 aluminum Al agsial)
Au > Ag > Fe > Al Au>Al>Fe>Ag@
Fe>Al>Au>Ag® Au>Ag>Fe>Al©
O e 81g.. il wis-gisn e
Sazalyol olay g ol 3 \a T oY
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cslogall sast 5y - ) 8 Energy and Chemical Change &)l olpusillg aélall

\ N
|gn|}ﬂmytleurrn:mals Heat (q)
St?r?;l\)

e A

Thermometer

Calorimetry y2uoll -

o2 Adllaial) o) duaiaall 3 ) adl dsaS (bl addicy 1y & J g g
Al ol Apilast Al oL

It is an insulated device used for measuring the amount of heat

T R absorbed or released during a chemical or physical process
Bomb Calorimeter

Insulati

Jelss 5,0
U'L‘ g.$9'.‘.$- - I .
Sl 3l
(alea))

Sealed reaction
chamber
containing
substance and T

oxygen (the bomb) dand m LJ‘J‘“ dad 1) 3&}.« ian |
The importance to know the calorific value of foods

el )_all ;gﬁss\wu,sgéM”mmw@u
What are the Characteristics of a calorimeter in thermochemistry experiments?

Jo Ul (ha Al B ) o) et adal o)) o) Jiall Baa Ayl @
Is an insulated device stops flow of heat produce from the reaction
(ALY ) e § Cual (3 ) COeld - Alaslise @
Principle (a bomb calorimeter) Combustion reactions carried out in a calorimeter

value of food — 4axkadd 4 ) jall dadl) 48 e

Jogxo Ha) ucgill 8)l)=ll wasi
determine the specific heat of an unknown metal |
slal) A4l :
Ti
Ty
m
C
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ool aas] 3l) : i) Energy and Chemical Change &uilums)) olpsilly a8\l

reaal) G Lagea I 3 slall (a  steal) anal) gy o [EEY
Why does the known volume of water form an important part of the calorimeter?

L5 S plaRul (Sa 8 1 a5 58 (el gl S o83 (S Jle
Why is a foam cup used in a student calorimeter rather than a typical glass beaker?

A1A13 CAL) Ul gy Jb oAbl £lally 5 sgll 51 Ltl) o sa i S Sy St [EL
Explain why preferable to wash the tea or coffee thermos with hot water before
filling with the hot tea or coffee.

ca Al 451 e g S ALl slal) SIS (pua i) JA1S daida g die AT 51 A e Sl AL LAY Sy Y
hot tea does not lose much of its heat when placed inside the thermos, the hot water
transfers part of its heat to the thermos

65 D QS (o £ siuaall jraall Jga Aamaa b il al)
Which of the following statement is incorrect according to the foam — cup calorimeter

All reactions takeplace at constsnt pressure bl bkl it Agh ce U e il @
Used to determine specific heat of unknown metal asixa & 318 4o 43l 3 ) jadl yaadl aaddiey
The data to be collected is the specific heat 4o 5l 3 ) ad) 8 lgaaa oy Al cilibal) Jiadi @
Worked in the open atmosphere Glhl o) sgd) A Jary @

51all dajd Gl 22,6 C° 23 slal) (14 3907 (8 2487 WAL (uladl) (pa daks e o
39.9 C° duilgdll lal) da 3 o)) Caale 131 (ulail) dadadl Aijaiy)
A 248g piece of copper dropped in 390g water at 22.6°C. Calculate the initial temperature
of the piece of copper, if the final temperature of water was recorded to be 39.9°C.

substance salall specific heat 4 gill 3 )
0.385/(g. C°) Copper wsadll
4.184J/(g. C°) water stall

335.6C" @ 39.9C @ 295.7C 375.5C @

90 CO \gd,lua 4a a9 2m Lealis 448l 9 50 CO gd s A a9 m (A s¥) ALS yaal) (e (linkd

) AY O3 (385 sie cpiadal) 5 ) ja A9 La Jgira sisan IS B Linag
Two pieces of iron, one with a mass m original temperatures was 50.0°C and the mass of
the other 2m original temperatures 90.0°C , are placed in an insulated calorimeter. what
Is the temperature of the two pieces when thermal equilibrium has been established?

© 0507135671



oyl aast sl : St 8 Energy and Chemical Change &)l olpusillg aélall

ey slal) 30 a A 3 Cadli 8 £la 4250 (5 5iag (ulS (B Gl g 3600 LALS AL 4y 318 dadad

Lo gl 5 al) of Lele UM 4o ol 5 ) jal) Lad 205K habay Al 3 ) ja A o coiaddil g 18.7K
4.18J/g.K stall

A piece of hot metal with a mass of 360g was placed in a beaker containing 4259 of water.

The water temperature increased by 18.7K and the metal temperature decreased by 205K.

What is the specific heat of the metal knowing that the specific heat of water is 4.18J/9.K?

O.380J/(g.c°)@ 0.450J/(g.c°) @ 0.235J/ (g.c°) 0. 129J/(g.c°)@

Using the Sun’s energy Auuouill as\inl\

eadd] (ya ABUaY) 3AY Ul slal) Jadey Jle
Why water is sometimes used to harness the energy of the Sun

s AY) 358 3 alaiad (e Y AR (a gl a5l uandil) Al aladiad) Juay Jie
Why is it preferable to use the sun's rays to provide the world's energy needs rather
than using other fuels?

(Jle) dpaddd) i)y ghai AL L) cudl Jal go
factors have delayed the development of solar technologies

Sun shines for only a part of each day psd JS Badaa B yich adaudi (uaddl” @
Lgole AaBlud) (uadd) Aa il A o sy OSWY) any (368 a gl aS) i @

clouds often reduce the amount of available radiation.
High cost dalsil) plis ) @

Photovoltaic cells aWgd 9)gSI\ LA

plLigS (A1 B pdilea (uadd) dadi) J ga

convert solar radiation directly to electricity

. 1 L5 snae /\
BOF. SROUNE, SR T T
|‘ Jie) Gualad) clabiadl da DU ABlal) 48 gi Jaatins ¥

but they are not used extensively for ordinary A8UlLy o luadl) 3) 5 3 930 A gua g gl LDIAY)

energy needs. )
B o g g 5 5510 LA g 1) S (Y el supply power for astronauts in space

| Sl 3 adl a4, 4 e |
' That is because the cost of supplying
electricity by means of photovoltaic cells is high

compared to the cost of burning coal or oil

12
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Sl “Laka Lgal g 50 _all 8 jUa AW <) sl 25\
determine which of the following change represent endo thermic and exothermic reaction

i g ySaal \Qﬂgé Ll Gudad A

Heat the tea in a microwave oven
A3l AN & ankll Ja) 5~ B

Burning natural gas in a furnace
M‘M‘Mkﬁc&&éﬁ#‘)‘m‘ .C

Melting ice on a pond in the sun

heat measurement  8)\y=)\ ywLud '

35 Qe b JEES Ladie et WU o o ca B A1 hal) cas b gh g e plA iuly i Jle
Explaine why standing under a hot shower ,feel relaxing and Whenyou jumpintoa
cold pool, you mightshiver

Calculate the 2.45 Cal in joul? (J) Jdsall3aa s 2.45Cal 4Blal) jake Gua m

1.03x10° @ 1.03x10* @ 2.45x10° 5.86><104@

Equation for Calculating Heat is Blad) Gluad daadial) ddalaal) La
¢ = mxqxAT m = ¢ XqxAT @
q = mxcxAT @ AT = mxqgx c @

L 48Uad) (34 52000 c—aiald 50C0 I 35C0 ¢ 50g WS A sgaa 53ka 5 2 Aa 3 cual 13
A sgaal) Balall e 5l 5 ) jad)

A 50g of an unknown substance increased from 35°C to 50°C and it absorbs 5200J

of energy, what is the specific heat of the unknown substance

6.93J/g.C° ®© 3.22J/g.C° © 1.41J/g.C° 0.913J/g.c:°@

clalal 1 5 5 guall (B J gl Ban gy Aildal) e
Calculate the energy in joules?

1.84x10° @ 1.84x10° @ 1.1x10° 4.4><108@

13
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ool 3as] s\ : 3w Energy and Chemical Change awlums)\ wlpeillg asln)

s B3a) g Ay gla A 5 A pLadl cha a1 al a5l da &) e ) 2kl s [EEY

The amount of energy required to raise the temperature of one gram of pure water
one degree Celsius is called

L) gl ®© 50l © Jsal) ) ®

Chemical Energy and the Universe (989 awluoud)l as\inll '

Al Sl Al s g Ailanl) el (5315 Al 51 ad) il Al 3 -2y ) sad) slaanst) O
Thermochemistry is the study of heat changes that accompany chemical

reactions and nhase chanaes.

importance iwma)

Al salsl) 3 cla gl udd 2 ag8el 1
a heat pack heat meals fuels
Jelid) g g3

Type of reaction

< th uaLA

value of AH and determine the type of reaction Jo Uil g o8 paady Lgie g AH asf

£33 jUal) el i) B Adlu ¢ 9S8 Lady dualall cle i) B 4a g0 AH XN BLE) 0S5 e

Why is the sign of AHrxn positive in endothermic reactions while it is negative
in exothermic reactions?

14
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sl | L) : 3G Energy and Chemical Change awlbwadl) wlpaillg adlall

.

Sy agalain (pa JAS) AgilpanSt) cdle i) oL 3 ABUAY ol i Aol jay ¢ gaign O it

(e ) Al 31 gal) o Adoliial) 3) gall 3 33 9 sal) AUkl

Chemists are more interested in the study of energy changes during chemical
reactions than the amount of energy in the reactants or products.

(H )33kl § Bagagall 4ush 3 ) jal) daS 4 jra Jialisall (e 43V 49
Because it is impossible to know the total amount of heat (H) present in

substance.
6‘93;&\93)#\0.«1,&05*45\‘2\ dalall (g ) Al s 5inal) gl Aladl) AUl (uld Sy Y 49
s Al
The actual energy or enthalpy of a substance cannot be measured, but the
change in enthalpy can be measured.
el Joldnl) g Adhaial) of duciaal) 8 ) o) s s AH Il @ siaal) B i) @
The change in enthalpy, AH, is the amount of heat absorbed or released
during a chemical reaction.
ol i i Balall (e dal g Jga (B A A Bl H g sl s gisal) @
The enthalpy, H, is the energy stored in one mole of a substance at constant
pressure

(AH ) o s ginal) b il g (H) ol s sinal) o e (B
Distinguish between enthalpy (H) and change in enthalpy (AH)

Examples of exo and endo thermic reaction 83 uall g dualall ¥l e i) ,

Cold pack 32kl salasl) Hot pack dialud) 3Lt
NH4NO3() + 27K] — NHI(aq) + NOg(aq) 4Fe() + 30, — 2Fe;03() + 1625K]

15
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lalall st 3 - Sl 8 Energy and Chemical Change &y clpgilly a8l

Je Wl £ oig 50 adl JULH pasl g Balasl () ¢S g Jausall g aUSEY pass

Determine the system, surroundings, and universe of the material, determine
heat transfer, and type of reaction

gial pa 35 AN Aland) o) JoUl o (g 5ig (198D (G 55 58 -: a1 @
The system is the specific part of the universe that contains the reaction or process
you wish to study

oy a8l (B el JS - haall @
The surroundings everything in the universe other than the system

universe = system + surroundings buaal) 4 alall) = ¢ o<l

Compare between Heat-Pack and cold-Pack. ALl g Bl Balasl) (p 4 e
Heat-Pack 4aluli ssasl)  cold-Pack 82kl sakasl) 4 4a g

type of reaction JeWill ¢ ¢

sign of AHnn  AH 34
equation reaction JeWill dsla
heat flow Bladl Juas)

graph 43uall ;e gy A 5 any

A TS A a8 § ool ga¥) b i Gk £ p sl S 5000 O Jold 61 e Ui JRTY
Loalslls 7 oll) el plally Jisa

Explain why When barium hydroxide and ammonium thiocyanate crystals, are placed in a

beaker and mixed, When placing the beaker on a wet board, the board sticks to the beaker

| JoU) 138 ¢ ja) ai il g Al 341 qeay St [ECS

Why should caution be taken when this reaction take place
bl 5 (gl die 3l Liaad) Bauad 3ala a g gl il g Bala Y
£ ) alad) o
Heat flow direction  Jelal 1da &3 ) al) JU) ¢ ¢S

16
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69. Under what condition is the heat (q) evolved or absorbed in a chemical reaction
equal to a change in enthalpy (AH)?

120C° iy 5 ad) 3135 Lasie 220] Galay s 50g 43S 1 e 530 51 a1 L[5
What is the specific heat of a metal that has a mass of 50g and absorbs 220J when
the temperature is increased by 120 C°

0.0725J/g.C°® 0.03673/g.C°© 0.0667J/g.C 0.0932J/g.C°@
Which of the following describes a cold Pack? Bkl dalasl) sy (A Laa gi

Indothermic reaction and Ep>Egr <o liial) d8Ua cha yuS) gl gil) A8l ¢ 959 5 1 all (ala ‘_jeuf:@

Exothermic reaction and Ep>Er cdleliial) 48l (pa yS) geil gil) d8Ua ¢y 65 9 3 ) all 3 d;u:,®
Exothermic reaction and Ep<Er <Sleliial) 48l e J8) geil gil) 48Ua ¢y 65 9 3 ) all 3 b Jolis

Indothermic reaction and Ep<Egr <dleliial) 4Ua ¢pa JB) gl gil) Al ¢ 959 3 ) all (ala Jolil

48 ) LS 1)) Ipbsa 24C (A alua 20C0 (3 dalw A8 4 B plall (uadd) cuidw Ciwall alif 3a) A
4.184J/g.C stall e 5l 3 ) all o Lale Jgally dBUal) j)aha Le 4x107g slall (o ) A1 40000 (s g8
On a summer day, the sun heated the water in a swimming pool from 20 C° in the
morning to 24 C° in the evening. If the pool contains 40,000 liters of water, 4x107g,
what is the energy in joules, given the specific heat of water is 4.184J/9.C

6.7x108J @ 3.5x108J © 4.2x108J 12.7x108] @

S A 3 B e AN Adaad) o) Jo i) Jady ) Gl ¢ 3o
the specific part of the universe that contains the reaction or process you wish to
study is the

hiaall @ universe ogs-‘\@ systematléﬂ\ change sl @

surroundings

B 1 ) (g3l Laa 14409.6] W ke Al isa s ;IS b 293 sall sLall (i) &y ja 512l JS&
87.6C (N 25C (e slall 31 a3 gl ) (N25C (e shall 318 da 2
e sl JaNa plal) ALS Lab 4,1847/(g.C) s.5esd sall Ao 5 31 jadl o) cale 13
During an experiment, the water inside a calorimeter absorbed 14409.6J J of
energy. The temperature of the water increased from 25°C to 87.6°C.
Knowing that the specific heat of water cwater = 4.184 J/(g-°C), the mass of the
water inside the calorimeter is ...............

1709 @ 80g @ 55¢ 41.99 @
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Jia did 781 A0 (ulS 5 533 sa) Clilian 5 555l fn gt ) S 5 40 oy S ¢ jalaie
¢ A jaadi L ulsSI 7 o) Gaaili slally

When barium hydroxide and ammonium thiocyanate crystals,
shown below are placed in a beaker and mixed, Placing the
beaker on a wet board causing the wet board to freeze to the
beaker. Why?

w&\é\cgﬂb;l.diQASJ\JAJ\MjSJ\JAﬂUALA&m&Ja@

Endothermic reaction occurs and heat flows from the water and board into the beaker ‘

g slall A oSl e Bl Al JEIE 9 5 ) all (ala Je i ¢ gas
Endothermic reaction occurs and heat flows from the beaker to the water and board

u.um\ui\ CJ-“\J QM\CFSJ\JM\MJSJ‘MJJ&&W&J.\A
Exothermic reaction occurs and heat flows from the water and board into the beaker @

zolllg slall (N Gl (e ) pad) JaiiN g 5 ) jall 3 jUa Jo s &igaa
Exothermic reaction occurs and heat flows from the beaker to the water and board

ALY J| dady g1l Il g Zqal
8l Jasdl i g8 Sl il dwosllg
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ayll duilioasall Sa¥slooll : 2Ll paudll
Thermochemical Equations

Thermochemical Equations  ay)ly=)\ awluouS Ods\asl)

() A ) et o Sl g gl s
Feeling exhausted after a hard sport activity (WHY)
A8Ual) Z LY anad) Jaka daaad A (31 ey el oo gl
That tired feeling relates to combustion reactions that occur in the cells of your body,
C¥ala) e pESHAH ¢ sibeanst) (raday A (dyilial) COIC W (e aga 5 3 43Ul @ s )

Al AxilbiasS Calae add Lgad Qi Al ApilpanSt) c¥alay ) a9 Anibassl)

The change in energy is an important part of chemical reactions, so chemists

include AH as part of many chemical equations.
equations are called thermochemical equations when they are written as follows)

4FE(S) + 302(g) — 2F6203(S) + 1625 KU VR UL CYaU LuU Ot
NH,NO3(5) + 27 KJ — NHJ 0 4 NO3(aq) oo

What are the terms of a thermochemical equation? 4 lad) dciliast) alaal) Ja g pdi 2 La E
A ) AilasS Lalaa (Jas A0 ¥ slaal)
Which of the following equations is a thermochemical equation?

@) 2¢,H + 70, - 4€0, + 6H;,0 AH = 1560 K]

Fe(s) + Oy — Fe;05() AH = 3926 K]
C3Hg(g) + 502¢ = 3CO05¢ + 4H,0() AH = —2220 K]
2CgHyg + 250, > 16C0y) + 18 H,0(y AH = 5471 K]

2nd g ngyUT0 Sl 2 il b i
i, sqhiq Sasdi eaansel
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Changes of State al\x)\ O\pas .

************** HOg) - R .

- [ Glucedsesaly SREAGBUE A b A ¥ sadl 205 )
Molar enthalpy (heat) of vaporization the heat required to
vaporize one mole of a liquid

4 dla Bala (pa Jga dal g sgeal da DI B ) el  caud A Y gal) Jlguady) ) o
_—:: AHgng = —40.7k) Molar enthalpy (heat) of fusion (AHfus )The heat required to
3 \melt one mole of a solid substance Yy
v
-------- 5o HOW

AHg,s= +6.01k)
AHSOlid = —6-01 kJ

Which of the following is correct relation? dasaia U cBMal) 4
AHvap = 'AHfus® AHvap = 'AHcond@:) AHsolid = 'AHcon AHvap = AHcond @

Aasaled AH Aad s 400 el i
Which of the following processes have positiveAH value ?

A H>0q0) — H2O(g) land Il @
1 H20 ) — H20q) I and 111
J11 H20 g — H20q) Iland IV @
AV H20gq —H20g) I and 1V @

Al Llee Jia 4l cila g 1 o1 IE2
Which of the following represents the correct diagram for a vaporization process?

t © 1 © 4 + ®
i H. O mquid 5:: H. O ligusd i" H.Olgas < H.Oiga
E aN»0 g AH<0 g AH >0 E AH <0
- ]
E E
H,O(sohd) H, O (sche) H.O cqund | H. Ditiguid
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15280 LSl S lgal) Aslaca it A0 A ) ot i [
Which of the following equations represents the fusion equation for carbon dioxide?

COZ(s) — COZ(L) AHfus =-9.02 k]

COZ — COZ
©

COZ(s) — COZ(L) AHfus =9.02 k]

AH;ys = 9.02 Kj

@ COZ(L) — COZ(S) AHszS =9.02 k]

Saxil) g LA Al 085 Ly A ) Cyslanl) S i ga AH 01555 Jle
Explain why AH (+) for fusion and vaporization and for condensation and
solidification AH (-)

................................................................................................................................................

................................................................................................................................................

(" thermochemical equation and state change Al sl &y ad) ilasSl) e¥ataal) )
describe the following equation ) Cilaaally adad) jga g slall A Chia g (S
HZO(I) — HZO(g) AHvap =70.7 K]

H,0 — Hy05  AHgg = 6.01K]
J

B JLEYly (AT g A0 pall CEH 5l Aagb g gl Al sall LA 5 ) 1 La e [
Why is the value of the molar heat of vaporization equal to the value of the molar
heat of condensation and differs by sign?

SJW\‘JQMJ;\:\JJA\M\SJ‘}M@JM@J&\J@AY\’&JU&MJ&G 63
Why is the value of the molar heat of fusion equal to the value of the molar heat
of solidification and differs by sign

sl A 3 1) 5l o 3 LA 8 ) L Ll s 5 a3 ) 3l e 3Ll
Why do farmers flood their fields with water on nights when the temperature
Is expected to drop freezing?

................................................................................................................................................

B g al) Bt Al (B pLally S JUES ) (s
Why water is sprayed on oranges during very cold night.
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A1 5 ny e o 3 sl 08 g i b o5t e [T
Describe what might happen when theair above the surface of the lake is colder than
the water.
SN 3 Y1 8 sl A B elall (ha B ) jad) SR g cuilsudall U gSa IS 3 o) (pe aeliall slad) i oY
Bl (e adli g8 5 ludall gy il g Jasaall o) gl (ha Sall LB} B judilna s lall (568 2 52 gall £ 5] g
Sy Ads
Water vapor from the lake might condense and form fog. Heat will be transferred
from the warmer water to the cooler air. The air immediately above the water will
be slightly warmer than the surrounding air, and the fog might appear to rise off the
lake somewhat like steam

VSR PRSI B TSk ] 67 |
Sweating helps cool down the body. Explain how sweating is related to state changes.

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

problems related to states of matter and energy 43Uall g 3alall c¥lay ddlatia Ja Jibsa

Al A gall lguai) g AN B )
Standard Enthalpies of Vaporization and Fusion
AHfus AHvap a:"’l:"‘:‘g‘ 3‘51."‘43‘ daLal)
Formula
6.01 40.7 H20 Watersal) q=nx AH
4.95 38.6 C2HsOH Ethanold s
3.22 35.2 CHsOH Methanold sitisal
11.7 23.4 CH;COOH Acetic acid < i) (aea
5.66 23.3 NH3 Ammoniaks s«¥)

ALl da s die plall (10 0.35 MOl i Lgallaly A1 31 el 4as e 68|
Calculate howmuch heat is required to vaporize 0.35 mol of waterat 100°C.

................................................................................................................................................

CH3OH=320/mol o gl & 13 tie ciluall Jsitisall (sa 6.4g el a1 5113 cacnt [N
Calculate the heat required to melt 6.4g of solid methanol at its melting point

...............................................................................................................................................
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il ) Ll a3 e 149, 12K ] Wi 28Ua (17g/mol Yo sa¥) S (e e ity 13
$diml) ALK Lad
If a sample of of ammonia(17g/mol) releases 149.12KJ of energy when it is
converted to a liquid, what is the mass of the sample?

................................................................................................................................................
................................................................................................................................................

................................................................................................................................................

s Al B3all cpa )5 Ja At e 330 51t [
The heat required to melt one mole of a solid substance is the ..........

molar enthalpy of fusion JgeaiD At gal) 3 )l @
molar enthalpy of vaporization AU A gall 30 )
molar enthalpy of solidification Saaill 4 gall 3 ) jad) @
molar enthalpy of condensation SN 48 gall 3 ) o) @

1 a0 daatl) Allaa (JiaS AN N olaal) o]
Select the CORRECT thermochemical equation for the solidification of ammonia.

NHs (g ) NHs (1) NHs(s)> NHs (1) @

NHs (1) NHs (s) © NHs(1)> NHs @)  (©

ke L 5 51 adl a5t cillasd) ¢ 44:.
Determine which processes are exothermic and which are endothermic

C1oHs(s)=> CioHs(l) | CO2(S)=> CO2(g) CsHs(g)=> CzHs(l) Al
)
Consider the chemical reaction N Jeldal) 4
H,(g) +50,(g) > H,0(1) + 258.8K]
Predict AH if H.0O(g) form . slall JA; 0585 13 AH dagil diang 53l L
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AU el (e 4y AT ) raal) i) L
What is the correct explanation for the following equation

CH4(g) + Zoz(g) — Coz(g) + ZHZO(L) + 890 K]

CH4(g) =t ZOZ(g) — Coz(g) + ZHZO(g) T ettt

A8Ual Giaay 13la daa L) JSAY B cpdidl) ade p LY ASU B ) gaas ) jadls slall e dde iy A
adall o daagall 1-4 (e adaliall b AS Al g aua gl
Heat was added consistently to a sample of water to produce the heating curve in
Figure below Identify what is happening in Sections 1, 2, 3, and 4 on the curve

ada sl ALl AW | PE-KE
% Sections physical state
100

33 pof ) A ya

E\Q

N

72 I 2 A
/ 7/

aad) Jadl) Lgtiay 3 Al il lal) ) Alad) e plall i iate guia s dlalal g1 JS
Identify the state(s) of the substance when it is at the stage marked in red on the
heating curve graph.

gaseous state ag\al ZUIA.“@
[ o
---------- g both liquid and gas 4kl g 4 54l G

both solide and liquid 4wl g 4xlual) A3y @

liquid state HEMEUR! (D)

lllll

Temperature
= 2

Heat added

[~ ©
=
24
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Combustion Reactions AHcomb@\yis3 oAc\as -

(Gl gila B Balall ¢pa aa) g Jgal JalS) §) iaY) ol Ailhaial) 5 al) A § Y5 a )
Sy a3 68 1) Sl o B le (3 faY) Jeli
Heat of combustion is the heat released by the combustion of one mole of a
substance in its standard state The combustion reaction is the reaction of
kfuel with oxygen. y

QINYI fualeldi gle dalioi

The combustion of methane Ol (3l a1
(JoLad :L‘é.ﬁ\gehhl\‘”kdihuj Al )
CH4(g) + ZOZ(g) — COz(g) + ZHZO(I) + 89 K]

combustion of gasoline ¢yl @l as) .2
GUaldl) g i) g <l yillal) g <l jlocad) Lgia g S jal) alina 4y Jand
25
CgHygqy + > 02 — 8CO0y) +9H,0() + 5471 K]
The combustion of hydrogen —¢sguu¢d @5 .3
sladl) g A8ald cilelii)) ) sladll & gSa ad 1 da DU 48U 8 3l CpamasY) ga Jo iy Cusa

1
HZ(g) + E OZ(g) — HZO(I) + 286 K]

The combustion of glucose JsSstall (&l 5 4
o) doles s U g ABUAY (ha 8 S ApaS - pual) B 4B jia) oo ity
C6H1206(S) ar 602(g) — 6C02(g) + 6H20(l) AHC = _2808 K]

N

o 51l By el bbb el igall |1
N oY g sl door b\l il (£2)
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Standard Enthalpies of Combustion auwliall aulgoll @lysdl )l

AHcomb M‘ 3alal) o) Llee 350 Al ¢ Ll Lpatl) 3lhais
4ibash | Substance Alaad) oda Guaaldy o glad) Ludill) Ades A

Formula gl e Al b pd) JA Ll Js B

-5644 C12H22011 | Sucrosejgused) L) AG glhig 5eS el (3 ag dua ¢Balaal)
slall g O 9= )

-5471 CsHis Octaneus s) pag 48U B )ga 3 Al Bl ad) o3y
“hwgd SN cliia Jadgy 3 duibiass

2808 | CoH106 | Glucosessssal | || S S0 S0 =2
ATP e g2

2219 CsHs Propanedtsd glisg Lesie g 8 AR () pil) G 552 )

aliyia ATP @) 4 sllaal) ABlal) s

-891 CHas Methanekisal)

The same amount of energy is produced in your body when an equal mass of glucose
Is metabolized in the process of cellular respiration. The process takes place in every
cell of your body in a series of complex steps in which glucose is broken down and
carbon dioxide and water are released.. The energy released is stored as chemical
potential energy in the bonds of molecules of adenosine triphosphate (ATP). When
energy is needed by any part of the body, molecules of ATP release their energy.

77
¢ Gl Jels Jia 4 cile g )
Which of the following represents the correct diagram for a combustion reaction?

A @ A @ 4 r'y @
3 g S s
g AH> E % AH>0 3 AH=>0
£ 0 s AH<0 £ £
fiv = & w
- Products

¢ JsSslall Sl AH = —2808K] &) A5 13k [k
What does it mean that AH. = —2808K] for glucose
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G AaY) e Al 3 ) _ad) s
q =n X AH

(e 278.40 Wil (Al 48Ul 43S e 2877.6Kj L )ata 43k Wite CyH o Gligdl (o 1Mol G@iss
(C=12g/mol, H=1g/mol ) ¢ i szl
When 1mol of butane C4H10 burns produce 2877.6kj of energy. How much
energy does 278.4g of butane produce? (C=12g/mol, H=12g/mol)

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

¢ 4009.5KJ W _\tka 8 ) $Y el al cag Al (16g/mol ) CHy ALis L
AHc = - 891kJ ) Ll

What mass of mehane (CHa4) must be burned to release 4009kJ of heat?

The AHcomb Of mehane is - 891 kJ/mol. ( 16g/mol)

................................................................................................................................................
................................................................................................................................................

CaHg sl 3o dsa 2 g (1Y &l sl Libpasl) Alalaall s byl Alslaal) i)
Write the chemical equation and the thermochemical equation for the combustion
of one mole of CsHs propane.

( AHc = - 2219KJ)

................................................................................................................................................

................................................................................................................................................

¢ dlidlal 5 ¢ S) 31 50 a A CH0 JUlisall Jliug CHy clisall & oS sall (o) a3
Predict which of the two compounds, methane gas (CH.) or methanal vapor
(CH20), has the greater molar enthalpy of combustion. Explain your answer

................................................................................................................................................
................................................................................................................................................

ﬁf’fm'
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S ¥ ) in) prda gy dlalal (o3} Jelal)
The chemical equation for the combustion of octane is
2CgHqg() +2503¢,) — 16C05g) + 18H;,) + 18H,0(;) + 10942 K]

Al gall (31 A Bl A (g8 S
The molar enthalpy of combustionis ........................oei

AH, o = 21884 AH opmp = —5471 ®

© @

AH oy = 5471

AH omp = —10942 @
Latic 3 jAiall J o) ¥ ga 230 9 La 38.6KI/MOI s sbud J 5N Al 5 ) jal) (5 giaal) (S 1) m
200.72KJ 4 sthal ) al) da o ¢y 68
If the enthalpy of vaporization of ethanol is 38.6KJ/mol, how many moles of ethanol
will evaporate when the required temperature is 200.72KJ

2.6mol @ 10.40mol @ 1.30mol 5.20mol @

Jsiliall jlgual 4l sall 351 adl oy Ll qalual ) iliaal) (164G el 4 DU 31 sad) quuas) BB
32g/mol (& Jsitisall duiy ) ALY 9 3.22KI/MoO (5.5
Calculate the heat needed to melt 64g of solid methanol, knowing that the molar heat of
fusion of methanol is 3.22KJ/mol and the molecular mass of methanol is 32g/mol

3.22KJ @ 6.44KJ @ 9.66KJ 12.88KJ @

daaa ol jlad) i A abadal) o el m

_;)“"A """""""" l Study the adjacent figure and choose the correct sentence
df ﬂlH endothermic reaction 3, all pala Joldil) @
oo - AH(+)  Aase aH s (B

Energy of A less than energy of C  C 31 sall 43U (1 J31 A 3 gal) 48U ©

Energy of C less than energy of A A 31 sall 43U (10 J3I C 2 gal) 48U ®

i Gl i il g o) f/

ol szal 39 gis- i oly- S /4
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Phase change for water

o) Bl 2l i ui\uh\ui\ w‘ WCS‘MJJM\ M‘gé'
........ B0 In the below figure. The upward arrows show that.... .........

AH, = +40.7 k)

&3wa#;@ﬂuq.mssmemmms;g@

g
5 ane——w70  the energy of the system increases as ice melts and then vaporizes
ot
e O e ; e sy T T T T TL
ﬂ-H-L ootk S Ay b AL N lgall die AUl Mt.h oaldAl)
anaqa=-601k the energy of the system decreases as ice melts and then vaporizes
Gl day pdand Al plall LAy (ST sie ol 48U 3Ly @
the energy of the system increases as water vapor condenses and the solidifies (freezes).
the energy of the system doesn't change
4l Aslaal) o Iading § S glad) (e 54g () a (e daalil) SJU;S\&.ASLQ
Calculate the amount of energy released when 54g of glucose (CsH120s) burns
according to the equation below
CeH1206(5) + 603, — 6CO,) + 6H,0(;y + 2808 K]
molar mass 4xgal i<t | AHcomb (KJ/mol) dapal) substance salall
( 180g/mol) CsH1205 glucose jss siadl
0.842KJ @ 8.42KJ @ 84.2KJ 842KJ @
% '
53l 0ud a0 ) 2380 st I ool |,
L ]
oqu ghslg a1 (o)
29
W © 0507135671




o)l aasl sl) : 36w g Energy and Chemical Change &uuwaud)l olpsillg &8\l

)Nl egisall g proill alws : gl pll puudll
Calculating Enthalpy Change

Calculating Enthalpy Change S) )l Sgioll (o peill vl

Standard Enthalpy (Heat) of Formation = AHf a&uw\ud)\ (ugsil 3)ly>

Joa CrSE 38 s gl ad) (s giaall (B il gb —p Al CpgSil 3 ) o) gl uad) (s sinal) @

(latm ,25C ) Al Lela (A W jualie (e dpail) g Bl § S jal) (e 2a) g
The standard enthalpy (heat) of formation (AHs°) is defined as the change in
enthalpy that accompanies the formation of one mole of the compound in its
standard state from its elements in their standard states

(Al il 85 A AU LS s g Jila a g sl g abia 3 g3l g Sl (323301 9 ccnlia Dlia aalld)
For example, in their standard states, iron is a solid, mercury is a liquid, and oxygen
Is a diatomic gas

0 kJ/molgsbad A He L (oS Al Lgi¥la, (8 jualial)
Elements in their standard state have a AHs° of 0.0 K

Al dl) G g Hal) g-" dci Yl 0 yalic (pa SO3 (r s &
formation of one mole of SOs from its elements

3
S(s) + EOz(g) - SOg(g) Ach = —396K]

33 G Baga sal Ay gha iy ik Ladie aaal) shal) gLl (2 SO3 ey FHIA L& 525
SOs is a suffocating gas that produces acid rain when mixed with
moisture in the atmosphere.

1/2N2(g) + OZ(g) i NOZ(g) AH = 33. ZK]

RS SEERLIRAISEARATNTS 89
Why are the following reactions not considered formation reactions?
1

1

HgC>N20> CO; CH, | O H>O HI Compound 3alal)
270 -393.5 226.7 1 0.00| -285.8 26.5 KJ/mol ¢sesill 3

Heat of formation
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/AHs value and indication LN A H WAAL Al il

6 ) A LAl s AN il yal) m
Put the following compounds acording to their thermal stability.

CesHeq) CesHe(q) NaBr HBr () compound S all
49.08 82.88 -361.8 -36.29 AHf
less stable! ) il J&Y) More stable 1) kiu) iy

e oSl B 1y apaatd Balall Aty 5u) ANad) 8 a5 59 pal) (e Sl
Why is it necessary to know the physical state of matter in order to determine its
heat of formation?

L) oy oSl B ) A Ladiiiaa (AUl Jeliill AH® cal o7
4FeO + 02 i ZFe203

calculate AH®xn for the reaction Use standard enthalpies of formation

Compound FeO Fe203
AH®s (kJ/mol) -272.0 kJ/mol -824.2 kJ/mol

................................................................................................................................................
................................................................................................................................................

sl Jgaall (b il jall (365 5 1 Latdea CO (<3 5,1a 32
Fe;0; + 3CO — 2Fe + 3CO, AH°,, = 2336.2K]
calculate the standard enthalpy of formation of CO. using AH°s for Compounds are given in the
table below:

Compound CO2 Fe2.03

AH® ¢ (kJ/mol) -393.5 kJ/mol -824.2 kJ/mol

................................................................................................................................................

................................................................................................................................................

P sl dasil i o so ) gy i
10> 5 ol o i il 3 2
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) 96 11.6 9 CHa (lisa 88.4% (4 (155 il 23 68 aalal) ) e 1 kg Wilis e s [EXY
Ali AN ABGY) e e ol Jgaad) Leadiews CoHe
1 kg sample of natural gas is analyzed and found to be 88.4% methane (CH4) and
11.6% ethane (C2Hs) by mass.

16.0 g/mol - 890 kJ/mol= AHc CH4
g/mol 30.1 -1600 kJ/mol= AHc C2oHe
AHH,0(1) -286 kJ/mol -394 kJ/mol= AHs COx()

Al A1 e Al 034 ) i) o Alllaial) A8 Gean) LAY
calculate the energy released by the combustion
Y e Gltal Aslaa (i)
Write the equation for the combustion of gaseous ethane.
Al B ¢ 630 B )y asiona AU Lol 31 5aY) 508 s
Calculate the standard enthalpy of combustion of ethane

Use the reaction below to complete te table  Jgaadl Jlas¥ 40Ul edle i) o sdie

Sg + 80, — 8S0, (AH = —1580)
AH AH; AH,

4Al + 30, — 2AL,0; (AH = —3350)
AH AH; AH,

C+0,>C0O; ( AH=-394)
AH AH; AH,
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Legrhe Ll BV ) (31 o) (s 5y RS 20 Adslacall ) 3 L0 puda gy A1 () gan) s
Complete the following table by placing a \ sign for the equation that represents the
heat of formation or combustion or does not represent either of them

Jia Y G sl (9SS reaction Je\il)
does not combustion | formation

both represent

CH, + 20, — CO, + 2H,0 AH = —890K]

C + 0, — CO2 AH = —393.5K]
C +2S — CS, AH = —88K]

1
€O + 50, — €O, A = —393.5K]

o 1]

f(Culs cAda ATl ) sl g Jolil) b LS 31 sl Anoha (o sy (5 Al s gimall B il ) )
(oLl 4d iy oA jlewall g ) ghadld) o
(SS) 9) Banl g B ghd & Joliill ol o) go A5 dad Jelii oY AH gl adl s ginall B il

iIf 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. j

when hess law use ¢ ot G5 aniicy i

-

sreal) Jlarialy ) jadl (s giaall B i) Gul O laad) i (e gl Ulad Jaadtaead) e ()98 Lasie

when it is impossible or impractical to measure the AH of a reaction by using a calorimeter

lalil) 4 ) pua ) Gubal) Lbialil) 4l ) pua (pa (g2 S0 Joad e pad play Giaay (oA Jeldil) i&
s Al o\;muﬁﬂ\wu\dw\w&mw Cud) jal)
The reaction conversion of carbon in its allotropic form, diamond, to carbon in its
allotropic form, graphite This reaction occurs so slowly that measuring the enthalpy
change is impossible

‘,msgéun*g%d,ﬁé&mamm
Reactions occur under conditions difficult to duplicate in a laboratory
(g 4 llaal) il o) i @'\Jsg.hasam:.m

Reactions produce products other than the desired ones
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LDle U 038 51 A dany Ay ki AL sk () gmilaasl) Jantiay M
For these reactions, chemists use a theoretical way to determine AH.
AH Jolll sass i elilad ¢ gal) B cy y &) i) G ¢y 985 (i i 2 il
Suppose you are studying the formation of sulfur trioxide in the atmosphere. You would
need to determine AH for this reaction.
.25 + 302 — 2803 AH=7?
53 (a Jaghe Lge il JoUN  AH aaadl iy S sl B LY (5 a3 (A Al el o
SO2 iy dpaus] A L) &y 985 Lgalina
Laboratory experiments to produce sulfur trioxide and determine its AH result in a
mixture of products that is mostly sulfur dioxide (SO2).
In situations such as this, you can calculate AH by using Hess’s law of heat summation

b 98 Slaaiudy m
Apply Hess’s law and calculate the enthalpy change of the following reaction:

WAL Sis) + 02 — SO,y AH = —297 K]
LBl 2505 — 25054 + Oyq AH = 198K

................................................................................................................................................

sUaral) ¥ alaall g cillud) Laddiiwe i) eMe il AH dad sl B
determine AH = ? given the following reactions..

Jall Adalaall AH kJ
A ZHzoz () 92H20(1) + Oz ©) ?
B. ZHZ(g) + OZ(g) 9 ZHzo(l) -572
C. Hz ©®) + Oz ®) éHZ 02(1) -188
-196
A. ZCO(S) + ZNO(S) 92C02($) +N 2(3) ?
B. ZCO(g) + OZ(g) QZCO 2(g) -566.0
C. NZ(g) + OZ(g) QZNO(g) -180.6
-385.4
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A. 4Al(s) + SMHOZ(S) 92A 1203 () ar SMH(S) —1789
B. 4A1(s) + 302(8) 92A 1203(3) —3352
C. Mn(s) ey 02(8) 9 MnOz(s) ?

521
1
A. C(s)graphite + 5 02(g) = CO(g) ?
B. C(s)graphite T O2(g) = COz(g) -394
1
CO@g + 5055 — €Oz -283
111
2A + B2C3 - 2B + A2C3 ? AH
3 -1874KJ
2A + E CZ(g) i A2C3(g)
-285KJ

3
2B + ECz(g) i B2C3(g)

$Unrall ¥ alaall g L) Latiiess 0050 enleiatt AH dad ! [0
calculate the enthalpy change of the following reaction

Alalaal) AH kJ
A. 2Nz + 502 =2 2N205 ?
1 )
B. Hy(g) + Eoz(g) - H,0 285.8
C. N2Os(g) + H200)=> 2HNOs -76.6
1 3 1 )
D. >Ny +50; +_H, - HNO; 1741
28.4
A. NO (g) +O(g) = NO2(9) ?
B. Oy =2 20 (g) -495
C. 203(9) => 30:(9) -427
D. NO(g) +O3(g)>NO2(g)+ O2 -199
262
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Uanall ¥ alaal) g e Latiioua Al e Uitl AH Hoad s [
calculate the AH using the following reaction

3N Hyq) + 4ClF3g) — 3Ny(g) + 12HF(g) + 2Cly(g) AH =?
Al NH,, + Oy(g) — Na(g) +2H,0() A, (K)) = —622
NH,(g) + 2CIF;(g) — Ny(g) + 6HF(g) + Clyg)  AHpn(KJ) = —1196
4NH,(g) +30,g) — 2Ny + 6H,0(, A, (K]) = —1530
-2728 < sl

Blarall Y alaal) g ULyl Laddiowe 40U cMle il AH dad o) [EIUY
calculate the AH for 4B() + 302 = 2B203 )
using the following reactions

LAl B20ss) + 3H,0(g) — 30,(g) + B;Hgg) AH; = 2035 K]
2B(s) + 3H,(g) — ByHg(g) AH, = 36 K]

- 1
B H,q) +5 05 —» H,00)  AH, = ~285K]

-2552 <l sl

- 101
iy lay Jo U B ) Aol (b (5 93l ardie -
Apply Hess’s law and calculate the enthalpy change of the following reaction(2 way)

alaal) AH
I?
LAl H,S () + 4F, ) — 2HF g + SFqg ;
S¢s) + 3Fa(g) — SFe(g) —1220kJ
HZ(g) + S(s) d HZS(g) -21 k]
—] 1 —273KJ
of 2 Hzg) T 3 F2) = HEgg

—1745
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4 Glial g 5 il B a8 sl s olh Gudbs paiied)
Aaga U 90 A gl A 5 3¢ Sy, Al gall 4ndi 3 30 Y) L) Ales B G pSlad) (3B o Bakaal)
MP3 e g Ay slal) i sl g i gaalll 5 gl Lda g Apant) 4 g 5K 5 3gaY1 B
Sulfur hexafluoride is used to etch minute and sometimes intricate patterns on silicon
wafers in the production semiconductor devices. Semiconductors are important
components of modern electronic equipment, including computers, cell phones, and

\I\/IPS players )

g pie: om 150m oy g ¢ €y Hg (ol S8 565 51 ol Al it ol il
O S G g ungd)

Use standard enthalpies of formation to calculate AH °.x» for the combustion of
methane.( 2 way )

AH(KJ/mol)
E C3Hgg) + 503 — 3CO0;) + 4H,0(, -2219.2
Ci) + 02 — €Oy -393.5
C 1 -285.8 -104.5
. H,(g) + EOz(g) - H,0(D)

................................................................................................................................................

A Y lacally Usia Y o 31 ja can) [BER
USING THE BELOW REACTION TO CALCULATE AH °rxn FOR THE REACTION.

N2H4(L) + CH30H(L) — HCHO(g) + NZ(g) + 3H2(g)

Je Ll AH K] i
E 2NH3g) — N2ZHyq) + Hyg 22.5
2NH3g) — Ny + 3Hyg 57.5K]
E HCHOy) + Hy@ — CH30H;  81.2K] —46.2
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g pais (e i Gy play (CHA Gl S (98580 a Gl 4000 e sleal) Ciliy BUE
L5Sg G g o)
Use standard enthalpies of formation to calculate AH °rxn for the combustion of methane.(2 way )

AH(KJ/mol)
LA CHy) + 203¢) — €O + 2H;0g)  —890.3
1B| Cis) + 02 — COy 3935
— 1 _
. H,(g) + Eoz(g) - H,0(l) 285.8

AH ad aladiu Crgd Aty e W e S dany 04 o8I B ) A ¥ Maa £ gana 0“-&956&3
Show how the sum of enthalpy of formation equations produces each of the
following reactions. You do not need to look up and include AH values

2NO(g) + O2(5) — 2NO,(y ~ H;0(, + 503, — H; SO,

(5 Sl B AT ang¥ UK e A i ) g I _ppans ) e gy b o301 Je I
) g S )y ) s GG Jait g ) )
The figure below shows the steps for preparing sulfur trioxide. find the change in
the enthalpy of decomposition of sulfur trioxide into sulfur and oxygen

A -
2S) + 2050 Lalaal) AH
28 + Zoz(g)é 280,
AH = —594K]
250, > 2505
28 + ZOZ(g)é 280,
250, 250, + 02
2G@) () 250, 2S5 + 20,y

250, l AH ; —198K] 25035255, + 20,
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Al Je il g i adl s giaall B il sl QUK
Calculate the change in enthalpy for the reaction.

NaCl + H,0 — NaOH + HCI
AH( NaCl + H,0) = 293 K] AH(HCI + NaOH ) = 162K]

AH = —131 K]@ AH = 262 K]© AH = 455 K] AH2 = —62 K]@

A Jeldill g ) jad) g giaall ‘éé),.ﬁ.ﬁ\ ey 108
Calculate the change in enthalpy for reaction
ZCO(g) + ZNO(g) — ZCOZ(g) + NZ(g) ) ) )
A0l Aliassl) 4 )l e alaal) Laddioe
using the following thermochemical equations
2C0(g) + 03¢5y — 2C0;y, AH = — 566 K]

2NO, — N2(g) + 02(g) AH = —180.6 K]

AH=—746.6K]@ AH = —486.6K]© AH = 486.6K AH = 746.6K]@

.. . . 109
SO b il ddUal) A il La (56318 Ladiiiia
Using Hess's Law, what is the energy change that results in SO3?
ZS(S) + ZOz(g) — ZSOZ(g) AH = — 594 K]

250, + 02, — 2803, AH = — 198 K]

AH = + 406 K]@ AH = — 406 K]@ AH = +792 K] AH = —792 K] @

s 5iaally — 912 K] ot celitall s Jal s saal) 48 (158 gl s siaall b il o
— 82 KJ (s 9lu gl 9ill (g ) Al
Calculate the change in enthalpy in which the enthalpy of the reactants is
is - 912 KJ and the enthalpy of the products is - 82 KJ

AH = — 830 K]@ AH = — 994 K]© AH = 4994 K] AH = +830 K] ®

39
e _ 0507135671




claglall 3asl ) : Gl Energy and Chemical Change aylya)) olpaillg aslal)

dasaua al bl o Al kil e el
Based on the figure below, which of the following statements is true?
0.0°C += AICl; Jsds Iy @
| _____ (1)1 Al(s), Cly(g) The formation of AICI; began at 0.0°C

—704°C (A Cleliiall 4uilgdl) 3 ) jad) Ay 3 cuils
The final temperature of the reactants was—704
—704°C. A 75 oill gl 3 ) ad) da o cils @
The final temperature of the products was —704°C.
3Bl gl N AICH; s 543 (D)
The formation of AlICl; releases energy.

=708 AIC, (s)

knowing the AH for reaction Al JelWill AH ¢ cuale BREI

1
COy + Eoz(g) - C0,(8)

AH = —283.0K]

What will be the value of AH for this reaction?
2C02(8) — 2CO(g) + 0,(g) JoUl 13l AH 4ad uain asd

566K] @ —566K] @ 283K] —283K] @

aul1)| Gl g ) g9 28 gl
"2\l dialnqaininn
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5\
<aaleloill figas duldli : yuolyl paudll
Reaction Spontaneit

Reaction Spontaneity Jc\aill Gigas an\al -

(o) Al 281 5 ABUa () el 531 ) Al Sk L 5yl 52 el v L
all exothermic processes are spontaneous ( Ep < Er product more stable )
(Al gdind) ) (ABUa JBY) ) 0 i) JESY) gad Jeldill agdal) Jaal)
The normal tendency of a reaction towards the most stable (lowest energy) (randomness)

Rusting the heat pack (ALl alasl) ) yaal) s

4Fe(s) + 302(g) — 2F3203(S) + 1625 k]
(AL S ) paba mmay Jo Ul Guse v ol

Reversing the equation will be nonspontaneous

AU JAN g ¢y taand Al 3 o) ApibasS Ales 5 AALY dilanl) @
a spontaneous process
Any physical or chemical change that once begun, occurs with no outside intervention
melting ice consider as spontaneous process AL (ala Jelii 7l gl O

Jo Wl 4l A olasady ¢Plale dllia UL @
factors that control the spontaneity of the reaction
Enthalpy ¢l gsiaad) 1
Entropy ( essi¥)) clamal) 4l gde .2

T b Las ol dand) lasal Lasal) {daad) 2 Alalaall g qasd) fana 1 Ateal) Jias
Equation 1 represent the reaction of rusting of iron while equation 2 represent the reverse
process which of the following correct

1. 4FE(S) + 302(g) - 2F8203(s) AH? = —1625 k]
2. 2Fe2 03(5) YV, 4Fe(s) + 302(g) AH® = 1625 k]
The reaction in equation 2 exothermic and (AL Gany ¥ g 8 1 all 3l 2 Adalaeal) B dsl.mt@

does not occur spontaneously

The reaction in equation 2 endothermic (AL Gany 98 ) all pala 2 Adaleal) B d:-l.iﬂt
and occur spontaneously

The reaction in equation 1 exothermic and (AHBL a8 ) padl 3 s 1 Aalaal) B dﬁﬁﬂ‘©
occur spontaneously

The reaction in equation 1 endothermic (AL iany ¥ 9 3 ) all pala 1 Aalaall & Jo Ll @
and does not occur spontaneously
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( ugyd) ag\sfmn.

Slase 4y pag el hagi ) La plal e A8UY) a3 L s O S (AN @kl 228 (B 98 (a9 AN) @
g el oy AN gkl dae 9 4S o) B aUal)
Entropy (S) is a measure of the number of possible ways that the energy of a system
can be distributed, and this is related to the freedom of the system’s particles to
move and number of ways they can be arranged.

A A ¥ ) i s wie Jic [EREH
Why when ammonium nitrate dissociates, entropy increases
2NH4N03(S) — ZNZ(g) + 4H20(L) + Oz(g)

................................................................................................................................................

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

o o
D & @ i
=_&= © =g = © L) =§= (Y
0, He
@ 2z o ! ®
® = _= g — ‘

O8N (A g AN g 310 AN ARy plally el Ladly Al cilbilaad) 4y ) jad) ISsaliall Y ¢ gilal)
The second law of thermodynamics The tendency toward increased entropy

AS = mis S - cvewna S

sM9JEYI gle Ji§i il Jolgall

Factors affecting entropy

Claswall dae 28 B Al s A
Change the number of particles changes in state
8ol da s ,as D dilaadl 0585 .C
Temperature change Solution formation

4l ool AS dad ad g
Predict the sign of ASsystem for each of the following changes

3. Oz2(g) = O2(aq) 2. H20¢) — H 20q) 1. H2Oq) — H20()

6. CH30H(D - CHgOH(aq) 5. C10H8(l) - C10 H8(s) 4. ClF(g) + FZ(g) - C1F3(g)
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L Aalaal) SV (e AS 5y i) (Sary AUl el o BRT:

Which of the following equations cannot predict the sign of AS through the equation only?

Predect AS
AS &
@
' D
L
@2803(9) — 2S02(g) + O2() C6H1206(s) + 602(g) — 6CO2g) + H20)
© NaClg= Na'@g+ Clag) © Few + Zn2F g — Felt g + Zng
3)=)\ as\lallg (H9<)\g Lsug)sIA\

Entropy, the Universe, and Free Energy

ALt ee it g cibalanll Aot & 35 ¢y oS3 o @
the entropy of the universe increases.
ASuniverse always positive Aagalail o AS Al

s ASuniv= aiSsys + maiSsurr

Al gl (2 A sa AS (sS

(AN 3358 Jaaall 5 ) a4 35 81 padl 2l Jeldl) ]
The reaction or process is exothermic.
The entropy of the system increases aUall) g 0 BAG5 2
AIAN Lganan (1985 (a9 AN (8 Bl Wgaalay (A1) 81 jadl 32 jlal) dilasst) cle Linl)
Thus, exothermic chemical reactions accompanied by an increase in entropy are
“all spontaneous

()Yl yloby & dnylpl adliall gle dlo¥l) poyill ablélill saldaell

1ne gevwuermal processes in Earth’s interior are obviously spontaneous.

fumaroles sl ¥l (2 Volcanoes  cxsS)ll (1
geysers dumual) duilal) cililiul) (4 hot springs &atudl asliadl ( (3
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Free energy AG 3y aé\h!\-

-

It is energy that is available to do work Jrdlly ALl dalial) AUl a

NZ(g) + 3H2(g) — 2NH3(g) +91.8

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

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

Jeldtl) el e OV glma LaaNIS 9 AN 5 () ) (g giaall
Enthalpy and entropy are both responsible for the spontaneity of a reaction

AG’=AH-TAS’

The sign of free energy i AG’ dadd

Al Al ALGY) e qal g AU Je il () B
Study the following reaction and answer the questions below

l2s) + Clog == 2ICl(
AGP° = - 5.4KJ/mol AH% =18.0 KJ/mol

AHO Jalad lagi o sal) g& (aSall o) (ala¥) GIEWEN (6} i, E

Which rection forward or reverse takeplace according to AH® value

(SN Jalad i g sall g8 uSall o) oala¥) Gale W o) e, E
Which rection forward or reverse takeplace according to entropy

Apall) Ja g ) ciad LAY uaSal) o) ala¥) JU Ean R s
Which reaction forward or reverse occur spontaneously under standard onditions?

aldail) 13¢d 25C wie AS Aad ud) e, E

Calculate the AS at 25C for this system

gl g Y1 (B Jo il AL aa
CuS + 20, — CuSO0,
Determine the spontniety for the reaction

25¢°

AH® = —91.8K]. AS® = —197 J/K

................................................................................................................................................
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Aouldl) Gig il B Je i) 4lal s
CZHZg + ZHZ(g) — CZH6(g)

Determine whether the reaction at standard conditions is spontaneous or nonspontaneous.

AH=13.69 KJ AS=-0.12KJ/K _

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

................................................................................................................................................

................................................................................................................................................

&MSJ‘JA-“&@JA@LA
Cu,S + S 2CuS
Calculate the temperature

AGsystem =0 AHO system = 25.61 kJ ASsystem =19.7J /K

................................................................................................................................................
................................................................................................................................................

................................................................................................................................................

explaine the negative sign for AG® Alla A JeWit AGO ¢y Jle
C7H5(NO3)3(1,) + 1205 — 14C0y(,) + 5H30, 4+ 3N, 0, + 4l

................................................................................................................................................

2NO,> N0, A Jelial) e
Consider the reaction

Calculate the AH® 25 C° Jelill AHO Guwal
Calculate the entropy ASC (9 AN (A il sl
AGP =-4.7KJ/mol AH®: NO2=33.2KJ/mol AH® N204=9.2KJ/mol

................................................................................................................................................
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Lulats ) Je i) Jrad (AN B ) 2 da 2 081 A L FBKS
determine the lowest temperature in kelvins at which the reaction would be
spontaneous. AHsystem = —14 - 4 KJ , ASsystem = -36.8 J/K

...............................................................................................................................................
------------------------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------------------------

................................................................................................................................................

................................................................................................................................................

AGO=AHO-TAS® Jeliil) 4y

Reaction Spontaneity — Je Ll 4t AGP° AS© AHP°
always spontaneous Ladla Alali - + -
daddial) § ) all cla o A AA
spontaneous at lower temperétu res -+ - <
Adlad) 3 ) adl cla o A AAl
spontaneous at higher temper}:ltl;res -1+ + +
never spontaneous Ll HA 8 Laila + - +

................................................................................................................................................

AL Je i) g AN JuadY) Cha gl et AUl <l LA (o

Which of the following options best describes the entropy of the following reaction?
4NH3(g) + Soz(g) 4 4N0g + 6H20(g) + 3N20(g)

edetinal S > S s esetinal S < S s @
S=0 ausy @ $<O0 @
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(AL B ) all (alal) Alassl) Joldil) muay i g Jal) q‘gé
what conditions does an endothermic chemical reaction become spontaneous?

entropy decreases and temperature increases Bluad) Aa 3 Bali g (g AN el die @
entropy increases and temperature decreases Boluadl da ja (aliy g AN By Ais
entropy decreases and temperature decreases B)ad) da e ekl g g AN (all ais @
entropy increases and temperature increases Blad) da a8al g 9 AN Bl i @

Ladla ABN Eiaay olia) Jgandl & 3 ) o) cdlelinl) o) RRA
Which of the following rections in the table below always spontaneous

alil) ASO system At AHOsystem Jedll reaction
i - A
. t B
+ + C
- + D

Lasa ASIXN B L) 9S8 <l pil) o2a (e (6
Consider the following changes below. Identify the process for which: AS system positive

ClF ) + F2@) 2 ClF3() NH3(g) 2 NHs(ag) @

H>O@ 2> H20() @ H2>O@ 2> H20y) @

1.25%105 J (5 sbens aUa (g 51l (s ginall (b il o Lale Q0K i 8yl Bl b yil) canea
300K/ $& (s A sy
Calculate the free energy change at 290K, if the change in enthalpy of the system is
1.25%105 J and the entropy change is 300K/J

8.7x10%*J @ 3.8x10%*J @ 1.2x10°J 1.2x10%J @

A A8y phally Laila Guaad AENY cileal) of Ao Ay oal Waallall RULEEry 127
C9sl) (o g ) g a3y
The oo law of thermodynamics states that spontaneous processes always

proceed in such a way that the entropy of the universe increases.

Firstdsy ©  second @Ld\@ Third ez B Fourth & ®
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sdasaal) ey Jay des 8l pa

s 8 a Al (58 Bady i g i i (158 ) S al) BELY

L ga g B S @ Al g 3 s @ L2 ga g 8 ina Ll 3 piua @

S TR LIREC TR 129
Which of the following is not directly measurable?

enthalpy change ¢l all s siaall s heat of combustion @lia¥ s, (A)
enthalpy I A s siaall @ heat of formation (il 3 @

s S s oAl g Bala G La B jad) Ay a s oL B ) JSG Jo AdaTial) ABUaY) Aes adind KDY

©® s © 5alal) 4l ®

G La g 5l dalall £ o
The indothermic reaction ..o, Blall palal) Jotint)
Sa g s o)A s giaall A il A s s A Gud
0.0 = enthalpy change There is no enthalpy change
@l gl A s giaa pid Al @ G294 Ul s s i Al @
negative enthalpy change positive enthalpy change

€0.20 J/(9.K) s & 535 s Ll s 40K Wil on a5 Latie 32 J Al paial e 43S L
20g O 004g (O  4o0kg 8.0g ®

¢ Balall (e die cilagand 48 al) 2B Jara by L L (o [l
cvetitiie @ syatian © Al e A ad ploastt @)

. w w . 134
g ) Lbpast Aolaa Sy (s Laa

Mg(s) + 2H30" (ag) + 2Claq) = Mg*?ag) + Hz () +2Cl g+ 2H20 g
Mg + 2H30* + 2ClI"=> Mg* + Ha (g +2CI'+ 2H20 ()

2H2 g) + O2 ) = 2H20 (g)

2H2 @ +O2 9 > 2H:0 o+ 483.6KJ
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sie Baba Al cilagen A al) ABll) a3 [EEE

ik et ) ©

- . 51 adl da 3 add Bl Ay 2 o Bload) A s il
i dSd e Al da e a8

§ GRS 1 g gial A ) om 5 m 2 Jgad S
273 o dandlly © 273 déLal © 273 & ‘fué-“-.' 273 g ®

e 1K 511 C aska a1 510 Ao g1l o s

The amount of heat required to raise the temperature of one gram of any substance by one
degree Celsius (1°C) is

4l Al ded) @ Al a @ Z\.pﬂ\sws\ ) @

?Shﬁﬂ‘u\gﬂg{gﬂ\@ﬁméﬂ‘gsﬁ)ﬂ\&%
kJ @ Cal @ Cal J @

4o ol 31 all 0o sy Cilaag o) [ERE
Which units express specific heat?

Gela JS @ Jig.c @ cal/g.c Jig.k @

i (AasS Jeli A3 ) a8 g o Aaiaal) gl Adllaial) 48Ual) 4ras EEU
The energy that is released or absorbed during a chemical reaction

5_al) ddUal) © 29 AN © dsufmuﬁ OsSall 3 0a ®

Free energy entropy Heat of reaction Heat of formation

Db i e AH3 5 AHT A 585 A5 D ol Gab ¢ sl Lasiiens
Using Hess's law for the reaction A->D, to find the value of AH1 and AH3, respectively.

AH =123
‘ ()
Hy=? AH3=?
: ©)
AH2=67

26KJ, 58KJ @ 33KJ, 23KJ @ 53K, 123KJ 67KJ, 67KJ @
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) 5l g edle i) (s jall s giaall 3 AN ga D G gl
Which of the following is the difference in enthalpy between the reactants and the products:

AT @ AG @ AS AH @

fo_palic Aadly S ja (e ) g Y ga il Lanic sJ\PsJMu.\pW\JiM\&MM
The change in enthalpy that accompanies the formation of one mole of the compound in its
standard state from its elements in their standard states is defined as ..........c.ccccoc.......

oSl 3y e @ @) _AaN) B ) @ i<l 3 ) A a5 @
Heat of formatio Heat of heat of heat of fusion
combustion condensation

Agle Al dad cld (985 B ) o Lgd Al il o) (R
Compounds that have a high negative heat of formation are...............

sy @ 5 i g Jaa @ kﬂdﬁ ) dlle @

does not exist unstable quickly decompose High stability

Bo1a L8 1671 KJ 431 fia) (e s gl) il ¢ gS38 ) a9 612 KJ XS pall (g3 3 o csale 1)
S pall X S pal) () fha)

59 @ 1283 @ -1283 -59 @

AH i lS 13) G 30 OoisbansS (ol £ saa 0 10 Dipass A 138 o8y 431 01 [
¢ Legray (po gilil) JoWill AH dad Lid 485 KJy-685 KJ (plelilt

-100 @ 200 @ -200 -1116 @

A C Jeliil) S ¢Say 431 9 -100 K sbe B Jeliill AH g Adelill 2200 KJ s s AH &) 22 i)
8 saxall (o il C Joliill AH 4ad Ld(B)J (uSadl Jo L) g(A)J (olaY) Joliil) £ gana JS&

100 @ 300 @ -100 -300 @

G5 A+DDE ) Jeliill AH dad ()95 J gaad) A 488 pal) 4 3,01 ci¥alaal) Laadiona [ERE]
A+B->C AH=-100 KJ
C+D->E+B AH=+ 80 KJ

-20 @ 20 @ 180 -180 @
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the least stable compound is & 1) il J8Y) S yal) RS

O3(Q) Al;03(s) CaCOs(s) NO(g) compound < )
142.7 -1676 -1206.92 90.29 Enthalpies of formation ¢x sl 31 a

0sp O No, ©  cacoy ALOy, ®

oA Ladla AL Je i) Lgd o6 Al Ca gl
The conditions which the reaction is always spontaneous are

( AS+ AH+)@ (AS- , AH+) @ ( AS-, AH- (AS+, AH-) @
2130 La Bl jadl 53 jUa 40Ul <l pil) aan
H>Og> H20 ) Hz ) +1/2 O2 (g — H2Oq) @

4Fe (S) + 302(g) — 2Fe203() @ NHsNO3s) — NHa*(ag+ NO3ag) @

Al Lgilla, 8 Balal) (e ) g J gad Jalsl) (3) ial) sl dlthial) 31 all oy ERE
is the enthalpy change for the complete burning of one mole of the substance

AHrxn @ AHvap @ AHcond AHcomb @

oA AUl cp AT e 538 ) Lgd Al Salal) ()8 elalal o dl) J gandl el 3 YA e JISE
study of the table below, and choose the substance that has the greatest ability to store energy is

D C B A substance 33kl
4.184 1.023 1.825 2.44 Specific heat de il 30 jad)

A O c © B b ®
;mu&ssuss:ussgé@ugmagmmbwt@g
loall 4t glelis (A)

Bl ) Al ¢ya 5 ) Jizis (B)

Jeliti dn e AH 5 (0)

Few + 302 ) — 2F €203 + 1625 Kj & L Caaay 5l dst.iﬂ\@
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Jisa (a7 6 Ao (ulS 3 p g gal) il 55 ) 5l n ) s g5 o SO 51500 i

B all oyl Jeldl) 5 all Lala Jeladl)
dalu 33k 33,333-4‘\1\ il g @ Luaall A aUail) (e JAIE B ) jad) @

Sl i3 ()81 ) 3 i) g g5l L B Ll Al i 5 s (158 15l
el gé ) 3900 g

AUl plal) dans Aules ¢ BB lis ) S Alee o) (A)
o1 54d) il o sl i dles o (D) ;\w\uwuam¢wuwaaﬂmoi©

b e A8 B jag e Ao b £l gR e dis Gladal) (s BEY

®

Aadlal) 3 ) A AL ¢ S Aadlal) 3 ) A AL (s
SH\SJUA%JJ&WJ\ Q\M\u&uéwﬁw\Jw\wai@)

roh ABUY) (ra By daS Lgie iy (AN g aniad) (B () diles grida 98 (A dpilpasSl) Alaleal) R
CHa(g) + 202(g) — CO2(g) + 2H20(1) + 891 kJ
CeHis gy + 25/202(g) — 8CO2 () + 9H20¢) + 5471 kJ

Hz ) +1/2 Oz ) — H20q) + 286 kJ
CsH1206(s) + 602(g) — 6CO2(g) + 6H.0O(I) +2808 K|

 CnSt Jelds Jhas A0 e i) as) RIS
One of the following reactions consider formation reaction

1 1
Hg(s) +502¢ ~ Hg0(g) CO + 5020 = €Oz

©©0 @ ®

4FeO + 02 — 2Fe203 @ 3
S) T35 020 = SO3g)

1 L 3 i) JoiS Jias ANl Mo i) avan
All of the following reactions are combustion reactions except

B tae)+20.(8) - H,00) + 258. 8K

Nz(g) + 205 = 2NOzy  AH = 66.4K]

@ S(S) T ;OZ(g) - SOg(g) Ach = —396K]

CHs (g) + 202 (g) = CO2 (g) + 2H,0(g) + 802 KJ
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Consider the chemical reactions below. Identify the process for which: AS system <0

H>O¢) — H 20 @

H2>0q) — H2O(g)
CH3OH() — CH30Hag) @ 2503() — 2SO0z + Oz @

Lpsadl) cilifil) gl Al )l AN Jal gad)
Factors that delayed the development of solar technologies

Loy Basaa 3 punlll g gl clouds psd S5 ®
the Sun shines for only a part of each day

all of the above 3 L e @ high cost 44lsil) g ) @

I8 53 ol (B Akl 8 Ak uday i
When a hot piece of metal is placed in cold water

The temperature of the metal will increase A g A B0 A0 @

The water temperature will decrease i g slall B ) pa A0

Ji5 i gas £l 3158 Ap j2g 9338 igen 3001505 a0 (©)
The temperature of the metal will increase and the temperature of the water will decrease

A3 g plall ) A daja g JB b gaw ) 3)\)519)..\@
The temperature of the metal will decrease and the temperature of the water will increase

(6 S g ARUALAL 5 51y S (B s AT (5l (pn Ao il )

If an amount of heat is released from a chemical system, the amount of heat released
will be equal to

The heat absorbed from the surroundings bl cpa ddiaall Uﬁi‘@

The heat released from the surroundings baaall e ddllaial) 3 ) o)
Heat absorbed from the universe O8SH e duataal) B0 Al
The heat released from the universe OsSh (e Adlatal) 50 jal) @
O ) (b Apasl) i (3 a9 uidall (B S slad) S (e Jga 2l g (Ga aie

When one mole of glucose is burned in the laboratory and the same amount is burned
in the body, choose the correct sentence

The body releases more heat
The body releases less heat

)SS‘SJ‘JA&%?M@J‘@
08180 a3l acial)
5 Al S i il puaat (O
A @Y st (D)

The body releases the same amount of heat
The body does not give off heat
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80C 11 20C ( (0.24J/g.c ) &uail) 2500 5 s da 2 gb ) qullay Kecal o

860 @ 0.86 @ -860 3600 @

Zn(s) + CU+2(aq) - Cu )t Zn +2(aq) gim‘ d"m‘ gé
Consider the chemical reaction
Calculate AHn = ? knowing that

AHs Cu*®= 64.4kj/mol AH:Zn*? = -152.4kj/mol
88kJ (D) 88KJ (O -216.8 KJ 2168KJ (A)
gq=AHatconstsnt............. 0 . il die hid g = AH oS5 B
B ad) da o @ . .
Volume aed‘@ Mass 4 @ T;ijgéra.tdre‘ pressure M\@

OY 05 SY i) Jgb e 1) el AS) ) g KU daas) (G B
Carbon dioxide is more stable than carbon monoxide because.......

S 0528 ] G 05558 2 (A)
The heat of formation of carbon dioxide is greater

29 G528 3308 Il 555 5,
The heat of formation of carbon monoxide is higher

SAua s gl oS 2] ) CpeSi B ) A ©
The heat of formation of carbon monoxide is zero

) 058l ST ) eSS Jloa (5 gl (g8 ST AU 0983 3 ) A C)
The heat of formation of carbon dioxide is equal to the heat of formation of
carbon monoxide

Bilada ) Al Jomedalgele g Ak sladl o oligiag (pele g Jiay dlala) o2 JSil) Q0
s Il Ol Y (38 Al duilglh) elal)
The adgacent figure of show two isolated containers, water placed in one container
What is the final water temperature when thermal equilibrium is achieved

50C @ 64 C @
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© dasaua 40U @ jlad) ‘5\ (AR Je i) g-°' 171
2S5 + 305 — 2503, AH® 4, = —396 Kj
Choose the correct statement about these reactions

GIAN s i) (g sbasd (31 NI 8 s 5SS B A B bt g 8 cisss (B
A Horxn = A H°omb @ A Hof = A H°omb @
G AY s giaall (g glud G oSl 3 ) G 9SS

all of the above JS3 L aea A HP A HO
rxn = f

Sl AH Aad sy slaall JS Lo aaic)
Study the adjacent diagram to find AH c+o;

|AH=-110.5
1
CO+ 2 0,

AH=-283.0

CO;

283 @ —283 @ —-110.5 —-393.5 @
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Al bl (e JS e JIall alad) pthuaal) o) acd) daaal) £1 40 b aS) 1 SN ) ged) G

Al 3adl) ) yail) g ApilaanSl) cle L) o LS ABUAY) JUS) Gy o3 sl £ b
is the study of heat changes that accompany chemical reactions and
phase changes.

sl Je i) oL 8 ) as daiaall i ddllaial) 48Ul das
The amount of energy released or absorbed as heat during a
chemical reaction
Bala (ha Abe lagund 438 jal) ABlal) Jana (b
measures the average kinetic energy of the molecules of a material

LA cila a8 CINUAY) Cave Bale cilie Gy JRIT A1) 48U
The energy that is transferred between the substance due to the
difference in their temperatures.

B3 g 4y gia da 43 Balall Cpa dal g Al 31 s An o a8 1 da DU ABUat) dag
is the amount of heat required to raise one gram of that substance
one degree Celsius.

Jbalall Cpa dal g Jga G gl Adllaial) 5 ) Al
the enthalpy change for the complete burning of one mole of the
substance

3&\333&&@&9&3\#3\}«@\3@@9@5&& (_"9\1 A ¢ giaall pas

gk B b g

the sum of the enthalpy changes for the individual reactions is the
enthalpy change for the final reaction

LgﬂhgébﬁucQA&,\SJAQAAAUJJAQ@A&QW‘J‘M‘&LH‘M
Jdatm hiag 25 C 5la da oo Ll
the change in enthalpy that accompanies the formation of one mole of
the compound in its standard state from its elements in their standard
states
D la gall alad) Gl:u'\] SssSabacd) d—l@) ul& bd8a g Méhb\l\ )iaiedﬁu...\ S e
4 g <) 5 g A
Compound used to etch minute and sometimes intricate patterns
on silicon wafers in the production semiconductor devices.

O8N (A o AN g 33y Al A8y lally i Ladla ALl cilalant)
spontaneous processes always proceed in such a way that the
entropy of the universe increases.

energy that is available to do work. Jrdlly alll dalial) A8l A

& olnaclud ol Ii /
§ e duina) Sbuabig oYl o 131 J
— w/
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