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e Energy:is the ability to do work or p ce heat.
e |texist irfco», b sic)forms: '
- potential energy °. & Cham, ¢y PA.‘ﬁj' ed
- kinetic energy. < E \' Ve
e Potential energy is@nergy due to the composition or position of an object.
~> An example:downhill skier poised at the starting gate for a race
( as shown in figure 1a) P\\j wed
e Kinetic energy : is energy of motion. CNm i </
An example: the potential energy of skier changes to kinetic energy during the
speedy trip to the finish line (as shown in figure 1b )

Section1:Fnergy

— - E—ncfjj

® Figure 1 At the top of the course, the skier in @ has high polential energy
because of her position. In b, the skier's potential energy changes to kinetic energy.
Compare How is the potential energy of the skier different at the starting gate
and af the finish line? /p\E- — . E'

e T B

v I" ""E‘_';il“-..n_ :

V..’ - ¥
Prom,  \noecte
e Chemical systems contain{both kinetic energy and potential energy.)

e The kinetic energy of a substance :
- isdirectly related to the constant random v  of its particles
- and.is proportional to temperatUer, s temperature increase the motion of
particles increase . (K . E o P« heles)
e The potential energy of a substance depends on its composition:
| - The(tybe of atoms)n the substance
The number and type of chemical bonds joining the atoms
% - The arrangement of the atoms.
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Law of conservation of energy:

e Energy changes from one form to another, but energy is conserved.the total amount
of energy remains constant.

e Thelaw ¢ 1servation of energy ( or The first law of thermodynamics) states that:
in any chemical reaction or physical process,\energy can be converted from one form
toanether, but it is neither created nor destroyed.)

e Question:

The change of energy
The process

( From To

- 1-Water rushes through turbines in

the hydroelectric glant k ‘E_ E__ /u{_(.~/_/
~| 2- Burns ofpropane gas) Cz Hz o

( used in cooking and heating) P . F l—-l C._]"
—+ 3- Burns of gasoline ( octane ) in the ' B
engine of the car. Cg/-hz . P . E- I( . G
L, Ja (} 7K +lNH4No,“)HQ\IH (aq) + NO3 ) I"‘c‘,l- o E
Exo 13(4Fe(§) + 30, ) 2Fe,04) + 25 K P. L J

P

deatk

6- avalanche An of snow
= _E K.¢
7- A stock-car race
P.E < -E
Chemical potential energy: 3o j! ' '
Table 1 Relationships
e |tisthe energy that is Stored in% substance because Among
of its composition. Energy Units
lationshi Conversion
Heat ( g ):is energy thatis in the process of flowing from a * ‘ Factors
o | L -
warmer object to a cooler object. s HoO ab'e i o0d 0.2390 cal
unifg 4 Heal 0_2319:(') cal
Measuring Heat: 2%
_Ycal
9 ( _ ) 4184
X*’Y’”‘CDO CaI(;RaI): the amount of nergy requil raise ol 4180 4841
o . 1cal
the tem; re of 1g of pure b :) rrmer
o "Nutritional calorie = Cal UA Catorie = 1 keal 1000 cal
J_C | =1 1000 cal
o (1Cal = 1000cal ( kca S —\biofa =
? The SI unit of energy and of heat is the joul.
Q Contact us at: +971 . et ..
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' Ce | Co.|
=1. Afruit-and-oatmeal bar containg 142 tr)(nnalCaloncs.Convcrtlh|scncrgyt alories.

~~2. An exothermic reaction releases 86.5 kJ. How manykilocalories of energy are released?
x Challenge Define a new energy unit, named after yourself, with a magnitude of one-
ten a calorie. What conversion factors relate this new unit to joules? To Calories?

Cs-l =~ (oD cd
) 1 PR ((2y  Ixca=(wugu kT
V

Specific Heat: Table 2 Specific Heats
CL at 298 K (25°C)

Ve ltis theE[nount of heat required to raise the

1g of (of ]
— Each substance has its own specific heay;ecause ater() / (ame) N 3\(5\"
different substances have different composition. Ethanoi(]) 244

For example water has specific heat of = 4,15/ /g.C. —. Sbli:’ 203
————

The specific heat of)c’(,)enLc,zete is {o, )/g.C. Water(g) \]a’y-u.f 201
(This means that the specit heat of water isf | Bentimty 1825

. 4 Magnesiumis) 1.023
concrete. % 0| 5
T L~ A~Aluminum(s) 0.897
%"m When equal masses of concrete and water absord
1 Concret
) equal amounts of energy, the temperature of concrete _
Granite{s) 0.803
incr five tim f water
creases five times of wate C | T - -
Calclating heat absorbed and heat released: honty 0.419
Strontiumis) 0.am
Equation for Calculating Heat Silver(s) 0.235
q represents the heat absorbed or released. Bariums) 0.204
c represents the soecif heat of the Lcad(s) 0.9
q= X mX. substance. m ents the mass of the )
sample in grams. A ! > in Gold(s) D179 lD\A’ 121 l»-
temperature in °C, or | |
The guantity of heat absorbed or released by a substance = equal to the product of its
specific heat, the mass of the substance, and the change in its temperature.
Q Contact us at: +971 . . . .
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q - o
e Example 1 :calculate the hfkt absorbed by equal masses of concrete and_water
(5x10°g) When its temperature increased by 6C énd compare between them?)

pLH 20 N — 75____m___%____ﬂj:___g____q_t___ C Aoa X D 1.
_CI__1£61--_7§-£€ XJ& C’ ? = 5. ?Ll A@ﬂg ) A 6‘
(25500 ) Z252n0 3"

e Example 2 :Calculate the en.gl:’gy_eleased by(5x1033>)f concrete reached a
temperature of 74.0C° during asunny day and cooled down to 40.0C” at night.

‘Z = 0 C X o X DT % ..... —. 6.3 q--.}&-@-x--)a}--l}&ck"
S ) U280 e leesd

e Equal masses of aluminum, gold, iron, and silver were Ieft to sitin the Sun at the

same time and for the same length of time , arrange the four metos according to the
increase in their temperatures from largest increase to smallest.
The element Al Au Fe Ag
[ \ 2 2
Specific Heat
P 0.897 Qg 0.449 0.235
J/g.C
L]
"~ cx2.L U DV=18-F-15

4. If the temperature of 34.4 g of ethanol increases from 25.0°C to
78.8°C, how much heat has been absorbed by the ethanol? Refer to
Tabie 2. L

5. A 155¢ sample of dnC known sub ,mnc)wbgfhc'sd!.ud from 25.0°C
to 40.0°C. In the process, the substance“absorbed 5696 J of energy.
What is the specific heat of the substance? Identify the substance
among those listed in Table 2. -0 -\19 _ﬂ

6. Challenge A 4.50g nugget of pure gold absorbed 276 J of heat.
The initial temperature was 25.0°C. What was the final temperature?

' £

4. 452 x10° )
______________ - 5. 2.45 J/{g-"C) The specific heat is

(:)B_{ QAnCX J_E,C_I;T_)( (Lm____ 15_) ______ @vew close _to the value for el

5.00 x10°°C

________ C . =2:.48
(6} 9.=c *---m----;k--é--:r.;-..--m--- Ay S
LYY RIUE NI I L% T S S —
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Using the sun's energy:

e Waicr is sometimes used to harness the energy of the sun because of its high specific
heat to provide heat in homes.

e Radiation from the’Sun could supply all the energy needs of the world and reduce the
use of carbon dioxide producing fuels.

e But several factors delaved the development of solar technologies:

\ - The Sun shines foronly a part of each-day.

9 - Insome areas clouds often reduce the amount of available radiation
'——") Different methods used to store the energy of the sun like photovoltaic cells like those
used to supply power for astronauts in space.
e But these cells are not used for ordinary energy needs,because the cost is high
comparing to the cost of burning of coal or oil.

_SECTION 1 REVIEW

7. Chemical potential energy changes to heat in exothermic 9. Chemical potential energy, contained in the candle, is changed to
reactions, and the heat is released. In endothermic reactions, energy in the form of light and heat and released as the chemical
heat is absorbed and changed to chemical potential energy. combustion reaction takes place.

8. Two separated magnets illustrate potential energy. In a snow 10. 345 J
avalanche, positional potential energy changes to kinetic energy.  11. The temperature change is inversely proportional to the specific
Books on a shelf illustrate positional potential energy. As water heat: aluminum, iron, silver, gold.

races down a mountain stream, positional potential energy
changes to kinetic energy. In a stock car race, chemical potential
energy changes to kinetic energy. The separation of charge in a
battery illustrates electrical potential energy.

Solve the following questions :

71- Compare and contrast temperature and heat.

H.W: solve questions 53 — 67 .

—

Q Contact us at: +971 50 620 6080
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In the space at the left, write frue if the statement is true; if the statement is false,
change the italicized word or phrase to make it true,

1. Energy is the ability to do work or produce heat.

2. The law of conservation of energy states that energy c:)(f be
crealed and destroyed.

3. Chemical potential energy is energy stored in a substance because
of its compasition.

4. Heal is a form of energy that flows from a warmer object lo a
cooler object.

@ @ the amount of energy required to raise the temperature
of one gram of pure @u one degree Celsius.

6. A calorie is the 51 unit of heat and energy.

@ Thcf a substance is the amount of hegat required to
raise the lemperature of one gram of lml@y one degree

Celsius.

8. Kinetic energy is energy of motion.

9. Chemicals participating in a chemical reaction conlain only
potential energy.

Ip 290
10. One nutritional Calorie is equal to Mufarwv

11. One calorie equals 4. 184 joules.

12. When a fuel is burned, some of its chemical potential energy is

lost as heat. \ ‘\"-' |plj

13. To converl kilojoules to joules, g% the number of kilojoules by
1000 joules/1 kilojoule.

A RHM P P H A H e
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Section 2: Heat:

Calorimetry:
©) @
o Calorimeter: it is aniinsulated device used for measuring the amount @ffieat absorbed
’]‘J P“ or released during a chemical or physical process.
\

[T\ A bomb calorimiglér : used by food chemists

= Figure 5 A sample is positioned ina 2 jnition termi |
sleelinner chamber called the bomb, which is Stirrer / +— Thermometer
filled with oxygen at high pressure. Surrounding
.

the b L u ass of water stirred by L\ i \

Wat
a low-friction stirrer to ensure upiform tempera <L
ture. The reaction is initiated by a 5 I f

spark, and the temperature is recorded until
it reaches its maximum.

“"Infer Why is it important thot the stirrer does
not create friction?

. 6
3 mrwr ontaining
( \ALJ subsiance and oxygen
(the bomb)
-1, 6{,\,— a.LCu.'f‘AL 4
D ’r Bomb Calorimeter

Determining specific heat: ’T 9 P—L G)

e In experiments we use(simple foam cup ¢ alorimeteato determine the specific heat of

unknown metal or any material. r
-  Why is a foam cup used in a student calorimeter rather than a typical glass beaker?
.................. <>W\p/t\5u~k.~[-=al-¥k.“0\ws$

e These calorimeters are open to the atmosphere, so reactions catried out in theimn occure

at constant pressure. L ]x\-vwo S P\'\tr L Q re§fwnee — 4/“\,,“‘)
’\L?M\’C“" 27 M\""’ ;\ V\O\C LDLM Cv\p

— me Vo) T d Fo Jebere ine
. SJ 19 peagn v 69 WS e~
Ou (\JaJ‘)T QQ(C—iff\f \ned ()

5 Cloce ) Gopler e ST

// S pr\ S\—;v\\(' f‘q?"—“
4'1) \'\\ 06\“ \{rﬂ $$ C}j Q

e Confact us at: +971 50 620 6080 \ . . . .
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-
Suppose you 125 ¢ ol r into a foam cup calorimeter and

ay!
@ Then you heat a S0.0 8 -

°C dnd put the metal sample( ', )
\ " ,,Lal o the @ler%g;g and

] gabilfps only when
the temperature of the metal and Lh‘c_:tmatcr ard.ml ™ ¢ .
pe £ =9-3C

ﬁllki that its l[ll[ll 1Llll eratt
sample of the unknown mual
into the water. Heat flows frorﬁ'

g=cxmxAT

- Calculate the heat gained by water:

Gwater = 4.184 ]f’Lg-“C} X 125g x (29.30°C — 25.60°C)
warer = 4.184 ].I‘F(R“tj X fz'i_g’)( 3,708

fwatpr = 1940 ]

- The heat gained by water = the heat lost by metal:

Jmetal = Gwater

—1940 |

Jrmeral =

Cometal X M X AT = —1940]

- Then solve the equation for specific heat of the metal:

Crmetal =

~1940 |

(500 g(—857°C) 0.453 J/(g-"0O)

- Table 2 shows that the metal could be iron.

e Contact us at: +971 50 620 6080
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Suppose you pul fwaLLr into a foam-cup f_alorlmLLLr and
find that its initial L{_rn peTature 5Q25.60° en you heat a(50.0 g
sample of the unknown ml:l_ai Lugzz put the metal sample
into the water. Heat flows [rom the hot metal to the cooler water, and

the temperature of the water rises. The flow of heat stops only when
the temperature of the metal and the water are equal.

A 2 2
Hq, o M\ +iu B CL m\-»\

C b | By 1
,YV\ \ L5 ) 5o )
N—

BN %-4 °c

rp 29.3°% | V3¢

/ LA DT
F(C R AT ), T (8 55T ko

- R All.;){uﬁl ~15-4) < 2-'455'/@\-2

Lro™

e Contact us at: +971 50 620 6080
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“12. A 90.0-¢g sample of an unknown metal gbsorbed 25.6 J of heat as its temperature
increased 1.18°C. What is the specific heat of the metal?

13, _The temperature of a sample of water increases from 20.0°C to 46.6°C as it absorbs
5650 J of heat. What is the mass of the sample?

14. How much heat is absomea by a 2.00 x 10° g granite boulder (Caranite = 0.803
J/(g-°C)) as its temperature changes from 10.0°C to 29.0°C?

19. Challenge If 335 g of water at 65.5°C loocs 9750 J of heat, what is the final
lemperature of the water?

J/(g-°C) .12

50.8 g .13 (l/z) c[ = C X = ¥ »NT

30,500 J .14

535-3{:*5”—!-2.54:@7&90 ek \8 ........................
................................................................... LS - W R \T/g D

[-‘?.)‘L: TN TN = N VA ])’r ..............................................................

Question 75: A swimming pool measuring 20.0 mx 12.5 mis fillengith water to a
depth of 3.75 m. If the initial temperature is 1&.4°C, how much heat must be

added to the water to raise its temperature to 29.0°C? Assume that the density of
3 _
water is 1.000 g/mL. 1cMmi=) W\\

\r\ = \bC
T e Sy il Mo gt st i M 25 2L RIS

=4 \gq )L(?Z‘lj)\lo ))( (27...)? L.l ...a—..20.!‘.‘:\.)(.[1:.:.“2(.!.2.5m.x.1.9m&..3.:'1€.m{(.1;f"ﬂ
’ —ulﬂ—gz5>(lot)‘-937-5)<ln6cg
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Page | 4 J0g9ad paadlaac :abuwill alaclg pyads
A =
www Learn more at: https://www.manasra.academy



12 Advanced - Term 1
cloul 6alo / 2023-2024 Joll Jnall Joc Ghgi

Chemical Energy and the Universe: A =+ K — C + I

£ | Manasra Academy

o (T%w_zu’moeJmiszfi@;try) is-the study o@changcs that accompany chemical reactions

and phase changes.

e Soldiers in the field use a highlycexothermic reaction to heat their meals.

e You might have used a heat back to warm your hands on a cold day.
( 4Fe(s) + 30a:(g) — 2Fe;05(s) + 1 J ) E’Xa "Lﬂ-rh\. ‘.L/L\_Cﬁ.’— bQ C[R

G) The system: is theépeciﬁc part of the universe that contains the reaction omecessJ
you wish to study. C
The surroun ingséverything in the universe other t?an the system:
The universets the systeflus the surrounding. universe = systei + sumundingﬂ)
h

eat flows from the system to

e In the exothermic reactio
the surrounding.
¢ In endothermic reaction éeat flows from the surrounding

to the system.

Enthalpy and enthalpy changes:

this endothermi
reaction, the reacting mixture draws
enough energy from the water wet
bogiskia cause the wet board 0

Sy
— o The total amount of énergy a substance contains

depends on many factors , some of which are still not
completely understood.
— [® Therefore , ti is impossible to know the total energy
content of a substance. (\q \ v
—®) Therefore, ciremists are usually more interested in
changes in energ}j during reactions than in the absolute ZD
Dh S -
amounts of energy contained in the reactants and |
products. )
e For many reactions , the amount of energy lost or gained can be measured in a
calorimeter at constant pressure.
e The foam cup is not sealed so the pressure is constant.
e Many reactions take place at constant atmospheric pressure, for example, those that
occur in living organisms.
e The energy released or evolved from reactions carried out at constant pressure is
sometimes given the symbol ( q, ). Cip = H EnlHv 193
e To more easily measure and study the energy changes, chemists have defined a
property called enthalpy.
e Enthalpy (H): @ the heat content of g system at constant pressure.)
@Enthalnv (‘heat) of reaction ( AH )@e change in enthalpy for areaction.)

AHixn = j[:.:‘xl | "'[n’:':. A = 1[

A — R .
Q Contact us at: +971 50 620 6080 1 | /’ Page | 5 ﬁn.-/ g093d panlaac 2wl alaclg pyads
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e Compare between exothermic a@"ﬂother‘gﬁc r 9cdtion: \t e Uee-“\“y
- Prode-t - .

Endothermic reaction

Exothermic reaction
( hot pack?)

( cold pack)

e Contact us at: +971

Page | 6

A
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kHreactants 3 )
(O A\er \oweer
Hproducts
| owre v Wl
U
e (=) 72 (+)
4Fe(§) £z 302“” == ZFCQO_’;(SI @ 27 l\l + NH.;NO;;(S) — NH:(aq} + NO;(aq)
Example 4Fe ) + 30y — 2Fe;04 GHM =—-1625 k]}
NH,NOs) — NH; (aq) + NO3 (o) AHpn= 27 kJ
The Heat-Pack Reaction
Th -P P
i e Cold-Pack Process
| surroundings :I::;::Jinngs
4Fe(s) + 30,(g) ; =
E s ?‘ ...... : Nqu(Zq:.:_ N03 (aq:. .................
Adiagram of the £ AH=-1625ki (| & o
enthalpy change = 2 AH=+27K)
2Fe;03(s)
e ; NR|-E| ;:3::3{5; .......................................
Exothermic Reaction Endothermic Process
L4
eathanl
. - peodd
“$° - /od.k_/_ — T
pre=1o® 7
phzie - 7 _ ~go 9
- _ Yo \¢) -
- p f’)v‘d‘ £¢AL(’R“""/
e -
{)r D ATes

g1093d puadlaue 2wl alaclg pyads
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_SEcTion2 REVIEW

16. The heat absorbed or released equals the specific heat of the 20. The system contains the process being studied. The surroundings
substance times its mass times its change in temperature. are everything except the system, and the universe is the system

0. AH L S R = M 8 i % o and its surroundings.

18. You need the mass of the water in order to calculate the heat 21. 4.02 J/{g="C)
absorbed or released (¢ = cmA]). 22. Put a known mass of water into a calorimeter; measure its

19. The specific heat of a substance tells you the number of joules temperature. Heat a 45-g metal sample to 100°C and add the
that are lost or gained for every degree change in temperature sample to water. Wait until the temperature of water is constant.
and for every gram of the substance. Measure the final temperature of the water and calculate the

specific heat of the metal.
H.W:

e Solve the questions 68 — 78 .

e Describe a procedure you could follow to determine the specific heat of a 45-g piece
of metal.

Q Contact us at: +971 50 620 6080
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For each item in Column A, write the letter of the matching item in Column B,

Column A Column B
So &~ An insulated device used to measure the amount of heat @ system
absorbed or released during a chemical or physical )
process @ calorimeter
c 2. The study of heal changes that accompany chemical (€5 thermochemistry
reactions and phase changes @‘) R
o 3. The specific part of the universe that contains-the-reaction @enth alpy
or process you wish to study :

® enthalpy (heat) of

4. The change in enthalpy in a chemical reaction T

5. A system plus its surroundings g.. ‘urmundings

6. The heat content of a system at constant pressure

5 ol

@Ever}*thing in the universe except the system being
studied

Use the illustration to answer the following questions,
8. A scientist is studying the solution in the flask. What is thg system?

Tuc  So\whye v~ U\

9. Whal are the surroundings?

;m_f_;,ﬁ;,aa colep e Si‘);»\—c.»-—

10. Whalt 15 the universe?

§~1,\ (@) .
/

Solution of
Ba(OH),
and
NH,NO,

«-
J

Q Contact us at: +971
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Section 3: Thermochemical Equations
Writing Thermochemical Equations:

. . | . . .
e A thermochemical equations: is abalanced chemical equation that includes the

3
physical states of all reactants and products and the energy changes AH.

e Examples: .
P ~ 4Fe(§) + 30,8) — 2Fe,05(6) Al = —1625 kj Fxobwrmi

v NH4NOs(s) — NH,'(ag) + NO, (aq) Al = 27 k] L:,lJJ Werm.”

eﬁ o . Combusition of glucose occurs in the body as food is metabolized to produce energy
1CHRO0L(s) + 60.(g) — 6COHQ) + 6H0M) 2 2808 kJ
e The heat of combusition ( AHc.omb) of asubstance:is the enthalby change for the
complete burning of 1 mol of the substance.

e Standard enthalpy changes have the symbol ﬁ (Itis determined at standard
conditions : 1 atm pressure and 25C")

E XD We—m. ¢

Table 3 Standard Enthalpies of Combustion

Substance . Formula

Sucrose (table sugar) Cq2H204(s) —5644 y1or¢

Octane (a component of gasoline) CaHgll) —5471

Glucose (a simple sugar found in fruit) CeH1206(s) —2808 less

Propane (a gaseous fuel) C3Hg(g) —2219

Methane (a gaseous fuel) CH.lg) —891
Changes of states:

e When you step out of a hot shower you shiver as water evaporates from your skin?
Because your skin provides the heat needed t('))vka_‘pogze the water.
I/G) Molar heat of vaporizatio( AH..,): the heat rec/uired to vaporize one mole of a liquid.
. DN =%
e Molar heat of fusion ( AH:s): the heat 1 *40
( both of them are endothermic processes)

] to melt one mole of a solid substance
NES'C Olemren

e Contact us at: +971 50 620 6080
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Table 4 Standard Enthalpies of Vaporization

. 4
and Fusion En rm
: .
Substance Formula | AHusp/k)/mol) | AHjs (kJ/mol)
Water H,0 407 x 6.01
Ethanol C,H<OH +386 +4.94
Methanol CH4OH + 352 13.22
Acetic acid CH3COOH 234 +117
o/ Ammonia NH; (583 ) 5.66
\/

e Thermochemical equations for changes of state:
® H.0) — H.0 @: 40.7kJ

(pHOy — H,0,, AH,,, = 6.01 k]

l/\/o Question: (Nhat happens in the reverse processes?

U """ N Ly 1"2' 3 ""'b'&f"‘"j'* ERTY = +40.7kJ
G)’j """ L‘Iq \Z')"""'i’l"'\éqa' '5'7 """ 13"“"'0'\5';_':";' R A

(
<# S50 AHcong and AHyvap have the same numerlcaﬁ value but

opposite signs.
e AHsiigd and AHss have the same numerical value but
opposite signs. = —AHna

Hp = —AHgong

= Figure 10 The upward arrows show
that the energy of the system increases as
ice melts and then vaporizes. The down-
ward arrows show that the energy of

the system decreases as water vapor
condenses and then solidifies.

Phase Changes for Water

4\@

10.7 kJ

Enthalpy
D>
= o
I

AH|=+601k)
AHgyy=—6.01k) G—

Jw
e Some farmers make use of the heat of fyu n water to protect fruit and vegetables
from freezing , so they flood their fields with water. When the water freezes energy

released AHsoid and often warms the surrounding air enough to prevent frost damage

O"( _{,-p\\cd—
Wed

a

deny \(: Kj[ '\l\ﬁ\\(

Q Contact us at: +971 50 620 6080
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Answer the followi t /ohtal— < B R =" /
nswer the following question : Y, .o, _
D u(o\‘ -— E a \, —
79. Write the sign of AH gmiem for each of the following )S l g"‘" N S
changes in physical state. .
a. C;H;0H(s) — CH0H(1) —>+D Prfusién
d. NH;(l) — NHals) —-p “’Sr\;D

£ | Manasra Academy

C o\
23. Calculate the heat required to melt solid mct?mnol at its melting point.
Fi'.cfcrl.uTable&ip\M: 32 g/yh B (/)H‘f“\_: 2.22 K J'/Myl )

=)
ow much heat évolves when 275 g of ammonia gas o a liguid at its boiling
point? Use Table & to determine AH 4. Mo\ 7 9/m D HU.P.—; 223K I /mols)

25. Challenge Whalqﬁ.i?uf methane (CH4) must be burned in order to liberate 12,880 k)
of heat? Refer to Table 3. ( M. = lé,j/mJ-Bl(MC b =~ 391 < T/M,L )

23. 258 kJ
o / 24. 376 kJ
) .\ Y rhcu'\w\.
25.7 4% o 20 S me 25. 232 g CH,

“-/

d-‘Z\m/fl A~ 221 |<d‘_; s LSk

g&>_____Z—_Z5.@.#.__:\\:%,‘__:;;__1}_4_,_Lg._mz_g_é_Y_"_\r_\_ar_‘::}«

[6 1\ L -22.3 kS :_@
g
P/;) 1283, k% p et tuus md CBy,

/ 1 - 8N x5
G4y 5 mA X069 _
! ol =232 9CHy

e Contact us at: +971 50 620 6080
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23. Calculate the heat required to melt 25.7 g of solid methanol at its melting point.

Refer to Table . ( Mm = 22 9)mek) , (DRR, =1.22 KT )meh)

24. How much heat g@@edwhen 275 g of ammonia gas condenses to a liquid at its boiling

point? Use Table & 1o determine A ons. (Myn = |7 /m,f_ (bR 22323, met)
25. Challenge w f methane (CH4) must be burned in urder to liberate(@2,580 kJ 5

of heat? Refer 1o Tab 23.( Mh«“ 1} 3 )ﬂ"" ) {D]_)(bh\) _85)\ k;‘/ml)

U = neds # A
m 7 w\m% oh =) _5__;«3 21=258KYy

(1:) 9- 7'—76 ,g_zz.;f:\(z?g-a)m

{5 1259, = X -39

=) vwasg=231 4 (Hy

3 Contact us at: +971 50 620 6080
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Combustion Reaction:

e Combustion : is the reaction of a fuel with oxygen.

¢ In biological systems food is the fuel ( carbohydrates) which-converted to glugose in
your body.

e Other examples on combustion reactions:

CHalg) + 205(g) — CO4(g) + 2H0(0) + 891 k]

CyHgg) + 220, — 8CO,q) + 9H0 + 5471 K]

2(g
e The combustion of hydrogen provide the energy to lift the shuttle into space:

Halg) + 20,(g) — H00) + 286 k]

e H.W: Solve questions 79 — 88 .

_skcTion 3 REVIEW

26. C,H;OH(l) 4 30,(g) = 2C0,{g) + 3H.,0() AH g 29, 29,300 kJ
= —1367 kJ/mol 30. —23.3 kJ/mol

27. Reactions b, ¢, and d are exothermic. Reactions a and e are 31. The reaction is exothermic because the product (C) has a lower
endothermic. energy than the reactant (A).

28. Multiply 0.250 mol times the molar heat of fusion of water,
6.01kJ/mol.

e Contact us at: +971 50 620 6080
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Use the following terms to complete the statements. Some terms will be used more

than once.
|| thermochemical equation 4 enthalpy of combustion 7 released
2 molar enthalpy of vaporization 5 molar enthalpy of fusion J absorbs
; cool { heat

1. Aln) | is a balanced chemical equation that
includes the physical states of all reactants and products and the energy change
that accompanies the reaction.

2. The enthalpy change for the complete burning ol one mole of a substance is the

2
3. The 2 is the heal required lo vaporize one mole
of a liquid.
4. The 5 is the heat required to melt one mole of a

solid substance,
5. Converting two moles of a liquid to a solid requires an amount of energy that is twice

the 5

6. 2H,(g) + O,(2) — 2H,0(g)  AH = —572kJ is a(n)

7. The conversion of a gas to a liquid involves the 15 :
8. When a gas condenses o a liquid, heal is ? lo the
surroundings.

9. Sweating makes you feel cooler because, as it evaporates, the water on your skin

g heat from your body.

10. If you put an ice cube in a glass of soda pop, the heat absorbed by the ice will cause the
ice to melt, and the soda pop will become ?

11. If it takes 100 joules to melt a piece of ice, é
musl be absorbed by the ice.

12. In the equation H,O(s) — H,O(l) ~ AH = 600 kI, the positive value for AH means that
4 is absorbed in the reaction.

O Contact us at: +971 50 620 6080 i . .
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D Hrxn :
Section 4: Calculating Enthalpy Change A\\ 0‘}(0& W £¥ mJ
e Slrm\br CAQWH&J ()rD&Cf\WQ

Hess’s Law:
4= pHffer 1~ Phys o

e Sometimes it is impossible or impractical to measure the AH of a reaction by using a

4"\ e/(CYhCn\’

(Calorimeter)
Some reactions occur so slowly that measuring the enthalpy change is

I -
impossible like the reaction of conversion of carbon in its aIIotroplc rm ( XOH’

diamond ) to carbon in its allotropic form ( graphite ): C n
7 - @ther reactions occur under conditions difficult to duphcate in a Iaho.ca.t_ry)

(Stlll others produce products other than the desired ones.
=
We etermine AH .

":) (For these reactions chemists use a theore
e Hess's Law: [tates that if you can add tow or more thermochemical egations to

produce a final equation, then the sum of the enthalpy changes for the individual

reactions is the enthalpy change for the final reaction.
eéollowmg reaction: /

e Example: use Hess's Iaw)o calculate the AH for th
)_LBWth_’"SgC)J.(‘SAH:? V\LEJ Rﬂldw‘
Using the foIIowmg equations:

R&utrft-s:lé; 2505, — ZSOo(g, + Oz(g) AH = 198Kk] v

@(multlply the first equation by 2:
) H 207;2) — 2§Q/(g) AH = gL 297K)) = 6394 k!)

2

( Step? &everse the second eguation:
Step3: add equatlons( c) and( d )
%m)tabknb\ — D\\)ai> 150 K-
..nglu;j‘?z(g) . -® A\’“D\\‘L‘ ’)skaa S )(M
AH = —594k) Qverall energy .
@C\‘-MMA ——93—1 A 7 bo K

AﬂafE—J'ngJ
S {1 R | o[ [ | TR, S @&ml\ — \)‘L\M‘ 7 50 l‘rh
m\oun\\“" — Dwha) \9 14im

Equation d AH=—-198k)

The Synthesis of Sulfur Trioxide

Enthalpy

g1093d puadlaue 2wl alaclg pyads
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HESS'S LAW Use thermochemical Equations a and b below to determine A for

the decompaosition of hydrogen peroxide (H202), a compound that has many uses ranging
from bieaching hair to powering rocket engines.

(; ,04() — 2H,00) + C .\.;;.) D“':'?.Z(J/)M/ eét'a-d»’?b\)

—

a. 2H,(g) + 05(g) — 2H,00) AH = —572k) Remajne \H = —196 kJ
b. Haz(g) + O2(g) — H205() AH = —188 kJ w X 2
a) 2ﬁ4+/%—7 202 DRz =572
O
‘9) ‘ZH')[').. ‘—)7M o2 / DH“{-‘"% X 23
4 [ S T C Y And ¥ \ 4
g%
ol i/ e o R O i Yy S
Question Determine AH for the A. C(s, graphite) 4+ O.(g) — CO4(g)
reaction C(s, graphite) + 1/2 O,(g) H=-—39k
— CO(g) using the following B. CO(g) + 1/2 0.(g) — CO.(g)
thermochemical equations. @
% -
W . >, Es AH = —111k]

N Cortlg 5 COr, DR 29 KT Reamais.

ﬂ\ P l[ (S /

JTCT=xWw, ST CBTTT BN T ITI T

‘23 % — CO+>/Q/01 , D\.]_L:_‘_')_ﬁ]k')-

C,.r 'q0 5 Co =390 4283 = —\\\ T

3 Contact us at: +971 50 620 6080
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32. Use Equations a and b to determine AH for the following reaction. ,
l/ggxg) + 2NO(g) — 2C0,(g) + Nolg) AH =72 PMan elfh-“-l" on )
a. 2C0O(g) + 04(g) — 2CO,(g) (AH = —5B6.0 kI R emain

(B N2t + 0ate) Y 2vo@ Yok = —1806 1\ ever Se
33. Challenge AH for the following reaction is —1789 kJ. Use this and Eguation a to
determine AH for Equation b.

V' ans) +[I0Ls) — 2A1,04(s) + amn(sQaH = —1789 1) ﬁ,,a,l Ran

(a. 4Ai(s) + 30,(g) — 2A|203(5}XQ_H = —3352 KJ) Remaiw

C:. Mn(s) + 0,(g) — MiG(s) AH =2 X ) Rc\rcygg Al

2. —385.4 kJ
6) M) 2Cp + % — 2C O (D\-): - 5b 1’23. Because the direction of Equatio
was changed, AH for Equation &
b) 20 — Nz—r/,@“ -4180) =-5214.
g‘vtvv\

Wo +2Mo — 1oty pH = <385

[3) @y wA 36l Sap,e, , oH-<235

9 Imave 3Ma gpr , DH2 3K
LA 3 Mo, —>’ZA\107—\-3M«; -
DH-=DH, + HH-
— 1#39=-1T5 +(=AX)

Xz _521 3

e Contact us at: +971 50 620 6080
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Standared heat of formation: el Qs
andared heat of formation: C + 0, — Cor e
e Formation reaction: A reaction in which a compound is formed from its elements in \:1
their standar S C|
s

e The standared state of a substance means : the normal physical state of the
substance at 1fatm and 298K ( 25C°) for example , iron is a solid , mercuryis a liquid , R(‘L
oxygen is a diatomic gas. N25+293 =233k T.
e The stadared heat of formation( AH: ): the change in enthalpy that accompanies the
formation of@ne mole,of the compound in'its standared state from its elements in

their standared states. imol
’ 3 ]
—~ (@ For example: formation of one mol of SOs : S(s) + 502(g) — SOs(g) AHP = —396 k]
e SO0sis a suffocating gas, produces acid rain = Figure 18 Sulfur trioxide combines
when mix with moisture in the atmosphere . with water in the atmosphere to form sulfuric
b acid (H;504), a strong aad, which reaches Earth

as acid precipitation. Acid preapitation showly
destroys trees and property.

> Wrik Hl\l_ﬁfrr\ﬂ})lﬂﬂ Reachons .

(I) Cox0, — Co indl
(D). ¢+ — Chx (mal

@ o3 S 420, — W50, imal

Q Contact us at: +971 50 620 6080
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e Elements in their standared state have Hi of 0.0k

e Standared heat of formation of many
compounds have been measured
experimentally:

Table 5 Standard Enthalpies
of Formation

Compound FunnatiunEquaﬂm ‘M(Rﬂnwl}

H,5(g) H,(g) + S{s) — H,5(g) 21
HF(g) Hala) +3F2la) — HFl) -273
S0slg) Sis) + %ﬂztgl — 304(g) 396
SFelg) S{s) + 3F2(g) — SFe(g) —1220
® Contact us at: +971 50 620 6080
Page | 5

AN
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Standard Heats of Formation

Fade Parm ¢

\

AHj (klimol}

AHT(505)

W 50,05

u Figure 15 AN} for the elements Ny, 0, and 5 s 0.0 kL
When M, and O, reac to torm 1 mole of MO, 332K &
absored. Thes, AHT for 0 s 4332 kKimol. When S and

0y react to form one mole of S0 396 b is redeased.
Therefore, AT for 50 5 — 396 kiimol.

Predict Describe the approximote location of waler on the
seqie. The heat of formation for the reaction
H;g{-jagy*ﬂm;hﬂ: — 286 klimol.
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Using standared enthalpies ( heat) of formation:

e |tis used to calculate the enthalpies of many reactions using Hess’s Law.
e Usingtable 5, calculate AH’«n for the following reaction:

H,S(g) + %g) — 2HF ;) + SFgg, AH. =2 = Figure 16 Sulfur hexafluoride is used to
etch minute and sometimes intricate patterns
e Refer to table 5 to find an equation of the 1o Sificam weaiess: I e prackictnn SO
( ductor devices. Semiconductors are important
formation of each of the three compounds: components of modem electronic equipment,
1 1. g— : including computers, cell phones, and MP3
L X a 5HAg) +575g) > HIG)  AHP = 273K XL e
Repgin  b-SE) + 3Fg) — SFe) AHP = —1220k] ./
Reverse € Halg) + S(s) — HaS(g) AHP = =21 k] =5+ 21

A= 175K &7

Complete the solution:

_________ M DY DB Dhg
el —2‘;3\17 _\‘_f-\’zzo ==__72.\
= 1lus K.

S

94. Use Hess's law and the changes in enthalpy for the
following two generic reactions to calculate AH for
the reaction 2A + B,C,— 2B + A,Cs.

Remaim 2A+%c:3—m1{:3 AH= —1874k] v/ 7_)DH:—\83LL« +2%5
R everse 25+%{:1—>n‘<:< ﬂ”=—285k]=)+235j3\* = -1589 kJ

109. Apply Phosphorus trichloride is a starting material for the preparation of
organic phosphorous compounds. Demonstrate how thermochemical equations a
and b can be used to determine the enthalpy change for the following

reaction PCly(1) + {Zﬁ(g) — PCls(s).

Reverse =% a. Py(s) + 6Ch(g) — 4PCly(1) AH=—1280k] 3 +1280 =4 =220
S b, Py(s) + 10€05(g) > APCls(s)  AH=—1774k =4 =—4437.5
- -
0)-] = =127 S

Q Contact us at: +971 50 620 6080
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The summation equation:

Summation Equation

AHgxn = LAH{(products) — LAH(reactants)

T TEpresents the standard enthalpy of the reaction.
E represents the sum of the terms.
AH {(products) and AH f(reactants) represent the standard enthalpies of
formation of all the products and all the reactants.

AH' is obtained by subtracting the sum of heats of formation of the reactants from the sum
of the heats of formation of the products.

34. 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.

a. 2NO(g) + Oa(g) — 2NOs(g)
b. S03(g) + Ha0(l} — HzS50a4(1)

5./Use standard enthalpies of formation from Table R-11 to calculate AHnn
for the following reaction.

ANHa(g) + 70,(8) — ANO,(g) + 6H,0()

Determine AHZmb for butanoic acid, C3H7COOH(I) + 50,(g) — 4CO0,(g) + 4H,0().
Use data in Table R-M1 and the following equation.

AC(s) + 4H,(g) + 04(g) — C4H,COOH(l) AH = —534 kJ

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

dioxide: NO(g) +%(g) —NOJ(g) AHZm = —58.1 ki
Revene a Inyg + 3@ — N0 AP =013  _58.1= —9).3 4+ X
Remata b 30(e) + 04(e) — NO(®) AH? =2 = A =233.2 x5

What is AH} for Equation b?
(35) Ahos Bhp (41, + Lhg0) = DHg (WP + 70, )
= (4 X332+ 642858 (4 A-459 +2erD)
= —1398. 4 k3

@ Z}Hcm),—_z)“f (Q-CO,_ + V\-\zv)— D “/(Cj HJ Cooll+ 2 D"-)
= (4 A<393.5+4X-7853) —( — 53y + Cer?Y
- ~2183 -2 <y

Q Contact us at: +971 50 620 6080
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Table R-11 Heat of Formation Values
AH; (k)imol) (concentration of aqueous solutions is 1M)

Substance AHY Substance AHY Substance AHy Substance AHY
Ag(s) 0 CsCl(s) —443.0 H3PO4laq) —1271.7 MaBr(s) —361.1
AgCl(s) —127.0 Cs3250,(s) —1443.0 H;S(g) -20.6 NaCl(s) -411.2
AgCN(s) 146.0 Culfs) —67.8 H,503(aq) —608.8 NaHCO4(s) —950.8
Al;0, —1675.7 CusS(s) —53.1 H,504(aq) —814.0 NaNO(s) —467.9
BaClz(aq) —855.0 Cu;5(s) —70.5 HgCla{s) -2243 NaOH(s) —425.8
BaSO, —14732 CuSO,(s) —771.4 Hg,Clyfs) —265.4 Na,C04(s) —1130.7
BeO(s) —609.4 Falg) 0 Hg,504(s) —743.1 Na,5(s) —364.8
BiCl5(s) —379.1 FeCls(s) —13499,49 12(s) 0 Na;50,(s) —1387.1
Bi;S3(s) —143.1 FeO(s) -272.0 Kis) 0 NH,Cl(s) —314.4
Br, 0 FeS(s) —100.0 KBr(s) —3038 03(q) 0

CCly(ly -128.2 Fe;0s5(s) —824.2 KMnO 4s) -837.2 P,0¢(s) -1640.1
CHala) —74.6 Fe304(s) -1118.4 KOH —424.6 P40 ols) —2084.0
C;H,(g) 227.4 H(g) 218.0 LiBr(s) —351.2 PbBr,(s) —278.7
CaHalg) 52.4 Halg) 0 LiOH(s) —487.5 PbCl(s) -359.4
C;Hglg) —84.0 HBr(g) -36.3 Mri(s) 0 SFelq) —1220.5
CO(g) —110.5 HCl(g) -02.3 MnCl,{aq) —555.0 50,(g) —296.8
COs(g) —-3031.5 HCl(ag) —167.158  Mn(NO3)2(aq) —635.5 SOs(g) —454.5
CSu(l) 89.0 HCN{ag) 108.9 MnO(s) -520.0 SrO(s) —502.0
Ca(s) 0 HCHO —-108.6 MnS(s) -214.2 TiO4(s) —044.0
CaCOx(s) —1206.9 HCOOH —425.0 Na(g) 0 TH(s) -123.8
CaOl(s) —634.9 HF{g) -2713 NH1(g) —45.9 UCl4s) ~1019.2
Ca{OH);(s) —085.2 Hi{g) 26.5 NH4Br(s) —-270.8 UClg(s) —1092.0
Clalg) 0 H;0(l) —-285.8 NO(g) 91.2 Zn(s) 0

Co40,(s) —891.0 H;0(g) —-2418 NO2(g) 332 InCly{ag) —415.1
CoO(s) —237.9 H;04(1) —187.8 N,O(g) 81.6 In0is) —350.5
Cr;04(s) -1139.7 H3PO,(l) —595.4 Na(s) 0 ZnSQy(s) —-082.8

e Contact us at: +971 50 620 6080 . . . .
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Section 5: reaction spontaneity: T 25 @M Yo eow S

L

Spontaneous Processes: 2 (> ND“SPUthca Uy

e Itis any physical or chemical change that once occurs with no outside intervention.
- All exothermic processes are spontaneous like formation of iron rust:
4Fe(s) + 302(g) — 2Fe;03(s) AH= —1625k]
- All endothermic processes are nonspontaneous, like the reverse reaction of iron

2Fe;03(s) — 4Fe(s) + 30x(g) AH=1625k] dusting:

=) e Ice melting at room tempreture spontaneous , endothermic process, this mean that
something other than AH plays a role in determining weather a chemical process

occurs spontaneously like entropy.
What is entropy?

e Entropy(S) Ea measure of the number of possible ways that the energy of a

system can be distributed.

- Thisisrelated to the freedom of the system’s particles to move and number of
ways they can be arranged .

L\ 054 °
\' 9 L | L \, @ |
@ =.'é._ ® @ =.'§:== ® ® =.*‘T'— ®
0, He
[ ]
2 Y, |
© " i @ &
= Figure 18 6!1_3_, an oxygen molecule and a
helium atom are each confined fo a single Mh.
When the slgpcock is opened in b, the gas parti-
cles move freely into the dooble volume avail
able. Four arrangements of the particles, which
represent an ipcrease in entropy, are possible at
any given ime.
Q Contact us at: +971 50 620 6080 . . . .
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- Asther er o es increases , the number of possible arrangements for a
C_?. group of particles increases.
- If the tow bulbs contained a total of ten particles, |,
the number of possible arrangements would be = 21%=1024 times.

v"e In general, the number of possible-arrangementsavailable to a system increases

under the following conditions:
L’ When volume increases.

L< When energy increases.

v~ When the number of particles increases.

< - When the particles’ freedom of movement increases.
The second law of thermodynamics:

e Spontaneous processes always proceed in such a way that the entropy of the

universe increases.

- Entropy : can be considered to be a measure of the disorder or randomness of
the particles that make up a system.

Iz + fv)fo I
Predicting changes in entropy: ﬂ In(redle

\'\>/>5:-— (&nr2 )

. ( l € (Vea/c
< o If the@of a system jnCreases S, .gucs > Sreactams @Nd ASsystem iS' positive. +/
e To predict if ASsystem iS positive Gr negative : )
- v - - . .
( 1- )Changes in state: the movement of molecules in gases > liquids > solids , so the

entropy will increases as the movement of molecules increases:

o H;Oﬂ) — HEO{E) ‘/-\Ss}fstem >0 (—-[— )
CH_:,C}H(_Q — CH50H(_]—} ASgiseen >0 L,_I_)

~"2- The dissolving of a gas in a solvent always resultsina (:Iecrease in intropy:) D,( > -

DE[E) — Oy(aq) &Ssyslcm <0 Q’ D)

3- The intropy of a system usually increases when the number of gaseous products
particles is greater than the number of gaseous reactant particles:

250 3(2} —"/2“:02(&} + Dz(g) ASsystem > 0 (+ )
W‘ w2 *'l I
: 2
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@j‘:tropy increases when a solid or a liquid dissolves in a solvent:
N'&CH}} — Nﬂ_{ﬂiﬂ + Cl_{aq} &Ssp'slnm >0 (+ )

( 5-JThe random motion of the particles of a substance increases as its temperature
increases , therefore the intropy increases. I~ o< S

44, a. negative —
b. negative
< 44. Predict the sign of AS gyeiem for each of the following changes. c. negative
d. negative
a. CIF(g) + Fa(g) — ClFz(g) €. CHz0H(l) — CH30H(aq) 45. The states of the two reactants

b. NHatg] — NHs(aq) d. CigHg(l) — CigHzgls) are the same on both sides of the
L equation, so it is impossible from
45. Challenge Comment on the sign of AS.em for the following the equation alone to predict the

reaction. Fe(s) + Zn?*(aq) — Fe?'(aq) + Zn(s) sign of AS,,
: /Vo"r

Cb\aﬂﬂe

stem-

Entropy, the universe .and freedom: ASuniverse = ASsystem + ASurroundings

e In nature ASuniverse tends to be positive for reactions and processes under the
following conditions:
= ‘he reaction is exothermig (‘AHsystem is negative ). This will raise the tempreture of
the surroundings and increase the entropy of the surroundings (-AS is positive ).
@JThe entropy of the system increases éo ASgystem iS positive)
,-;_7 Qhus exothermic chemical reactions accompanied by an increase in entropy are all
spontaneous..~ Al DS

Free Energy G : Q-jl N ¢ <

5gouk o+ = P
. (-——i Lo NN *_
e Gibbs free energy a omblneaenthalbv entropy function. S Pwtr:
Free energy: is energy that is available to do work, thus free energy is useful energy,

in contrast. Some entropy is associated with energy that is spread out into the

surroundings, so it is useless.

S . Gibbs Free Energy Equation AlGoystmem fEprosents
POV\‘}' C —_ the free cnorgy change.
K AH e MEpresents the
AGsystem = £ system — TASsystem change in enthalpy. Tis
L temperature. AS o

*) represents the change
(V ow- C in entropy.

The free energy released or absorbed in a chemical reaction is equal to the difference

between the enthalpy change and the product of the change in entropy (in joules per
kelvin) and the temperature (in kelvins).

e Contact us at: +971

Page |3 yw0gad puaplaac :Atwil alaclg pya4as5
A J
www Learn more at: https://www.manasra.academy



12 Advanced - Term 1
cloul 6alo / 2023-2024 Joll Jnall Joc Ghgi

£ | Manasra Academy
W 5k
o ASInJ/K ,AHInk .

If the sign of the free energy is negative , the reaction is spontaneous.

e Ifitis positive, the reaction is nonspontaneous.

Calculating free energy change:

e Example: calculate AG for the following system: Na(g) + 3Ha(g) — 2NHs(g)
AH;‘)"MCm f— '_91 .8 k] Asg\xwm :@ T = 298K
L /-_' 4

Convert AS to kilojouls : ~ A5%stem = —197 J/K x T000] _,-«—U'w?a_k”K

AG?}'stcm = AHSystem — TAS?}Mcm
AGgystem = (298 KI(—0.197 k]/KJ

AGSystem = —91.8 k] + 58.7k]

AG is negative, so the reaction isspontaneous.

The following table shows how reaction spontaneity depends on the sign of AH
and AS :

o negative $ pun; Vpositive SV bn s Calwm nugaliue) élways Spunlanenua)

negativee, pau Gnegatm- nop. [ negative of pusiliue)'z-@gnmaneuus at lower temperatuires )
positive/)p n- positive jyo h ( negative or pElEiili'u'E) (mumanmua al hiﬂher lerTl[JEIaiL!IE':)
positive Al o 1 negative N T ( always pusi!i'@ ( never spontaneous )
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@)etermfne whether each of the following reactions is spontaneous.
“a. % = ={58 HJJ =273 Khss =138 /K AHgyerem = 365 k, T= 388 K, ASggem = ~55.2 J/K
30 Do = 276K, T=535 K, ASmen = ~55.2 ) K@M Haysan = 452 K}, T= 165 K, ASyom = 55.7 J/K

47. Challenge Given AHyzen = —144 Kl and ASqsem = —~36.8 J/K for a reaction,
determine the t temperature in kelvins at which the reaction would be spontaneous.

-— .,
46.@ spontaneous reaction
b. nonspontaneous reaction
~¢. nonspontaneous reaction

Al. nonspontaneous reaction (4) D G‘ - /:)H —_ T_ NS

47. spontaneous above 3910 K g
= =259  (223)(. 1558 2
7" X =37/ X

Joro
-~ ——-“?*/") T oy o Loy 2
= Y- g ‘7 oOvTon
b NG Co1Pb) (536 (~55.2 )
A == y 4 \C = 1/ & /
A = I'9?2 k/)— qunln \ /DDD
) > v = )VU"F-
m NO- A1 oA
o r7 ] (J7
O
SN GITR R SRS s B EN R we . XV
Joo0
48. Areaction occurs spontaneously only when the temperature, 51. The system is spontaneous.
entropy change within the system, and energy exchanged 52. Students outlines should include all important ideas expressed in
between the system and surroundings cause the entropy of the the Section Summary.

universe to increase.

48. The system’s entropy increases.

50. The system’s entropy increases. The system consists of the sugar
and tea. Randomness or disorder increases as sugar molecules,
which were originally locked into position in the solid structure of
the sugar cube, disperse throughout the tea.

103. Calculate the temperature at whic}(&Gs}.swm = —347K] >
if AH g = —28.8 k] and AS; ., = 22.2 J/K.

—

AG = bk — TS
\?9'7—:~25.§_U—)(22.7/
J— (@97
) = U7 K
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H.W : solve the questions 95 — 107

Use each of the terms below to complete the statements.

[ e | - I3

{ = S
free energy law of disorder entropy spontan:’ous process
1. A(n) L is a physical or chemical change that occurs

with no outside intervention.

2. A measure of disorder or randomness of the particles that make up a system is called

3. The 7 states that spontaneous processes always proceed

C ol

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

P

is the energy that is available to do work.

For each statement below, write true or false.

5. A process cannot be spontaneous if it is exothermic and there
is an increase in disorder.

6. A process cannot be spontaneous if it is.endothermic and
there is a decrease in disorder.

7. A process cannot be spontaneous if it is exothermic and there is a
decrease in disorder as long as the temperature remains low.

8. A process cannot be spontaneous if it is endothermic and there is
an increase in disorder as long as the temperature remains high.

9. A process can never be spontaneous if the entropy of the
universe increases.

10. When AG for a reaction is negative, the reaction is spontaneous.
11. When AG for a reaction is positive, the reaction is not spontaneous.

12. When AH for a reaction is negative, the reaction is never spontaneous.

T PR

13. When AH for a reaction is large and positive, the reaction is not
expected to be spontaneous.
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