CHEMISTRY EOT 12ADV CH1

Which of the following statements is correct about the

figure below?

A — The thermal energy is converted to potential
energy stored in the bonds of propane molecules

B — The total amount of energy does not remains
constant during energy conversion

C — The potential energy stored in the bonds of
propane molecules is converted to thermal energy
D — Energy cannot be converted from one form to

another
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The diagram below shows the enthalpy change during

a chemical reaction. Which of the following statements

is correct?

A — This process takes place in the cold pack

B — Heat is transferred from the surroundings to the
system

C — The process is exothermic

D — The sign of enthalpy change is positive
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Which of the following represents the cold pack process? By sl 4 aay 3l Adaadl B b L __;‘

8l $slaS
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NH,NO;,, —NHj, +NO3,q  AH., = —27k]

NH,NO3,, + 27 k] = NH} . + NO;

+ =
NH,NOs,, + 27 k] — NHJ ., + NOj., +27 k]
+ —
NHNO3,) — NH oo, + NO3 o0 MM, <0
Which of the following statements is incorrect About the heat AL sl o A et 00D o LD
pack?
N Adislw doles
e Heat pack
at flows from heat pack to person cold hands o A ad BN goy W) AOALL SOLSH ol 350N 5 ) el JJans
Heat flows from the surroundings to the system AR D el e G308 Y el s
Heat pack is the system and person cold hands is surroundings dnpadl A 85 A8 Ladli go g PRl _a AL sollsY

The reaction in this pack is exothermic 50 el s e A SP Wl b Jatlih



How much energy in joules is supplied by a
breakfast containing 170 Cal?

170 Calg 55 1 g s g 0 (1) ol By D e

An exothermic reaction releases 146.4 kJ.

How many calories of energy are released?

711 x10°J

1.7x10%J

oMo Riiedile

146.4 kJ sl 3k Jolis 3l

fcal saag ALl 238 jloke oS

4.500 x 10° e
3.500 x 10* O
6.130 x 10° @)

6.130 x 10? O



Which of the following statements is true about the olial Jsanll & KA Bl Lad daaa 36N Gl
two figures in the table below?

-
T ——
150 Cal 5.0 x 10°J
Y X
The energy in X is greater than in Y Y &l »sSEX @ Al
The energy in Y is 3.6 x 10° J 3.6 X 10°J gLi Y Ak
The energy in X is 355 Cal 355 Cal gl X 3 a3l
The energy in Y is greater than in X X &l Shy LR LIA
Which of the following contains the highest ?Cal adli)) ) S 4z sl oo g g __;‘

nutritional Calories?

1000 cal

10 Cal

9600)

86.5k



To vaporize 3.00 g of ammonia, 845.5 cal are 845.5 cal | zlbas el 56 3.00 g aal
required. How many kilojoules (kJ)are required to Plisal) e ABSY i il a3k (kJ) Jss 5SS
vaporize the same mass of ammonia?

2.87

3.54

3.85

2.68

1. A fruit-and-oatmeal bar contains 142 nutritional Calories. Convert this energy to calories.
2. An exothermic reaction releases 86.5 kJ. How many kilocalories of energy are released?

3. Challenge Define a new energy unit, named after yourself, with a magnitude of one-
tenth of a calorie. What conversion factors relate this new unit to joules? To Calories?



Equal masses of of the four metals given in the table alial Jganll LR AP L)V Sl e Lolde BS 5 S
ShAN 555 Le LAl Ball Ledily Bl ads A eedd) 3

AV L IV Ga Wb a0 53l Gy ey

below were left to sit in the Sun at the same time and for
the same length of time. What is the order of the four
metals according to its temperature increase from

smallest increase to largest?

2 sadlSI poeiiy Sl | ala)ll | agsgiadll Metal il
Calcium Strontium Lead Magnesium
0.647 0.301 0.129 1.023 J /(9.°C ) Specific Heat i<l 5l

The lowest is calcium, then magnesium, then

poediidl B palial B pasiaall 5 pgudlSH ga JEYI

lead, then strontium

The lowest is magnesium, then calcium, then

Oaleall & pgadiidl 8 pgudllSH 5 p gl oo JEY)

strontium, then lead

bl & pssenginall 5 pgukiind) B oISl g JEY)

The lowest is calcium, then strontium, then

magnesium, then lead

The lowest is lead, then strontium, then magnesium,

posdSI 5 pgpeniiall 2 i) o Galal oa B!

then calcium

The temperature of a gold sample increases from
25°C to 65 °C as it absorbs 412.8 J of heat.
What is the mass of gold?
The specific heatof gold is 0.129 J/(g.°C)
A-100g
B-80g
C-60g

D-30g

Ledie 65 0C J1250C o cadl e ALS 5 ) ja 4o s )
fadldls ale 3l all 56412.8 T Cuaial
0.129 J/(g.9C) & —aill e 515 ) 2l

100g- A

80g-B

60g—C

30g-D

5. A 155 g sample of an unknown substance was heated 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.

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



Shall (e 33 75.0°C jlia dayn Sl e 250 g a8 1)
?J,;L'J_)U i,él‘..ll 5)‘);.“ i.;_).\ i, 4655 J L‘J‘Jiﬂ
(244 J] (9. °C) A Jslidl due sl 5)l)

If 250 g of ethanol at 75.0°C loses 4655 J of heat,
what is the final temperature of ethanol?

(Specific Heat of ethanol = 2.44 J/ (g. °C)

1) The temperature of a 10.0g sample of iron changed from 50.4°C to 25°C, and a quantity of heat
was released of 114J. What is the specific heat of iron?

i) If the temperature of 34.4 g of ethanol rose from 25°C to 78.8°C, how much heat did the ethanol
absorb? Use a specific heat table at the end of the papers.

») A 155 g sample of an unknown substance was heated, its temperature increased from 25°C to
40.0°C, so it absorbed 5696 J of energy. What is the specific heat of this substance? Determine
the material by reference to the specific heat table at the end of the papers.



11) A 155 g of sample of unknown substance was heated from 25°C to 40°C. In the

process, the substance absorbed 5696 J of energy. What is the specific heat of the

substance?

a. 2.44 J/(g.°C)
b. 1.47 J/(g.°C)
c. 0.92 J/(g.°C)

d. 0.57 J/(g.°C)

12) I 250 g of ethanol at 75°C loses 4655 J of heat. What is the final temperature of the
ethanol? The specific heat of ethanol is (2.44 J/(g.°C)

a. 82.6°C
b. 45.8°C
c. 67.4°C

d. 59.5°C

Equal masses of magnesium, concrete, iron, and barium
were left underthe sun at the same time and for the
same duration. What is the ascending order of those four
substances according to the increase in their
temperatures?

A —magnesium —» concrete —_, iron— barium
B — concrete — barium — iron ——» magnesium
C —magnesium —» barium — concrete —— iron

D - Iron — concrete — barium —— magnesium
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The same amount of heat Is added toa 10 g sa of each of P g - " S
the following metals. If each metal is initially -T;:rc.wtn DU Sl S 50108 A3 Ly i 2y

metal will reach the highest temperature? g D 514 20.0°C A S AN 6 el 3 S3S )
% 1 m s 81 A Sy

Syl o slerd 1821/(8°C)
Calcium p et 0.653 1 /(g*C)
Copper ~ad 0.385 |/(g*C)
Gold —ad 0.1291/(g°C)

Gold a2

Copper b

Beryllium s 3%

O 00|

Calcium »p29

1. Interpret Data 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 2 to arrange
the four metals according to the increase in their temperatures from largest
increase to smallest.

In the figure below, which letter represents where the sample Tiial ad i g5 A LAl Jia) g2l i jalt L colial JEib 3
is placed?

Shol ymul



Why is there a law-friction stirrer in bomb calorimeter peie gl B Y jad b BSiaY! samidie o ja. ap gy 3
shown down? ol

B Ty T

(ALa) ) camaaSTy 33t es—
To tagh tr Fe S8 Yy e O
To w Bange a Ao el O
To ensure the bomb s solated fom the surrounding ad a U e e o
To snsare the milabion of the reacton D sy el O
Which of the following statements is incorrect oiuall judll Joa dams i 20D bl
according to the foam—cup calorimeter? g5ty Al S e
The data to be collected is the specific heat Loyl Hhall B lgran s Al bl Sis
Used to determine the specific heat of unknown metal pslea s Al dac il HHhall aoan axdnes
All reactions carried out in it occur at constant pressure cull dara caan aldlyy cdle Ll e

Worked in the open atmosphere Glhll clagll (A Jans



Which of the following statements is incorrect Opnadalls 3l Lo daaa i A0 Clladl

regarding the two calorimeters in the figure below? el Jgan .

Calorimeler (2) Calorimeter (1)

| €

A. The data to be collected in both calorimeters is the Phm da 3 s A Gipmedd) 38 S lpnea e 20 UL L

change in temperature of the mass of water ol L8
All reactions carried out in calorimeter (2) occur at daid cald Gaald (2) e daly Saad Al cleldl wee B,
constant pressure ol
A low — friction stirrer in calorimeter (1) ensure Samga Bha A (1) aeddl 3 SIS adiie Sad) e 5

uniform temperature

D. Only calorimeter (1) can be used to determine Siegd phall seas AL (1) el pliiad oS4

specific heat of a metal

When a 360 g piece of hot alloy is placed in 425 g (#4259 360 g \absS Ll A e dakad iy 2
ofcoldwalerhacalorineter.metempetah;reofme Bad o o Jo e Gla jaad A 3l oL
alloy decreases by 205°C, while the temperature of the 18.7 °Cjlsi o\l 3a da 0 Jap Wi « 205°C jaia
water increases by [8.7 °C. faCudl aigd e gill a0 e

What is the specific heat of the alloy?
Specific heat of water- 4.184 (J/g.°C) 4.184 (J/9.°C) = elall due gl gla)

0.380J/g.°c

0.450 J/g.°c

3235 Jfe."c

0.129 J/g.°c




When 50 g of an unknown substance is
placed in 100 g of cold water in a
calorimeter, the substance temperature is
changes from 168°C to 104°C, while the
temperature of the water increased by 1°C.
What is the specific heat of the substance?

SOSLQJAES:U';LJLJ&)_&SJLA@W@'A‘;&
308 da il aa B a L slal) (00 100 g S
308 43 3 cali )l Laiy 104°C ) 168°C (e 3Ll

1°CJ‘-\’IAQFLA.“

e5aLall e gil) 5 ) all La

Knowing that the specific heat of water at
298 K (25°C) is 4.184 1/(g.°C)

¢ g slall 298K (25°C) i 4 gill 5 ) all oy Lale
4.184 /(g.°C)

When a 88.2 g piece of hot alloy is placed in

175 g of cold water in a calorimeter, the temperature
of the alloy decreases by 76.4 °C, while the
temperature of the water increases by 15.6 °C

What is the specific heat of the alloy J/ (g9.°C)?

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

e A0l Bl 4500 JB . iasygllS 3 U1 el (e
15.6 °C i oLl 5 350 a5 iy « 76.4 °C

€] (8- °C) s:ap il dpesd 50 Lo

4.184 J/(g. °C)= elall dic4ill 5))al)

34-A piece of tin of mass 225 g and a temperature of 97.5 © C is thrown into 111g water at 10.0 °
C, if the specific heat of tin 15 0.230 J / g. © C, what is the final temperature of the mixture

consisting of tin and water?

Suppose that two pieces of iron, one with a mass exactly twice the mass of the other,
are placed in an insulated calorimeter.  If the original temperatures of the larger

piece and the smaller piece are 90.0°C and 50.0°C,respectively, what is the tempera-
ture of the two pieces when thermal equilibrium has been established? the specific

heat of iron.= 0.449 J/g.°C




Two pieces of aluminum and iron were left to sit in il Cilgl) i A eadl) A siaally pgiiall) e ekl 0S5
the Sun at the same time and for the same length of o s 350 305 A () waad) dadad AES Le cdia)ll 3adll
time. What is the mass of the piece of iron (g) whose ¢ 91l daadl B)ls 30 5aL) lake
temperature increases by the same amount as the

piece of aluminum?

sl pasialy) ]
Iron Aluminium Substance
........... 47.09 Mass i<
0.449 0.897 Logll el
Specific Heat J/(g. °C)
30.0°C 30.0°C AT
When barium hydroxide and ammonium e ‘,_,gr\jl il 585 ) 3l 5 apo il 2y o Jals nie

thiocyanate crystals, shown below are placed in a .C"m_} i< - -]l- \._1.1:.‘) CJI g;b i<l e ‘;‘ ‘Q‘(Sn

beaker and mixed, Placing the beaker on a wet

el jnuis

board causing the wet board to freeze to e i Lo
the beaker. Why?

A. Endothermic reaction occurs and heat flows elall (g ;J\);_h J.m_, 3J|J=_U Uale Jelis G A
from the water and board into the beaker o<l oo,

B. Endothermic reaction occurs and heat flows | | GadS) (a5 ) jall &, 50 jall pale JelS O 8
from the beaker to the water and board e Sl el

C. Exothermic reaction occurs and heat flows from C_,ll\_, elall (a3 ) jal) Jais 5 ) jall o s Jelii Ciga €
the water and board into the beaker , i<i i

D. Exothermic reaction occurs and heat flows from ) OulSH (e 5 ) ool Jiis g5 ) pall o gl el i p
the beaker to the water and board - Sl Lt

21) Why are chemists more interested in the energy changes that occur during chemical

reactions than in the amounts of energy in the reactants and products?

a. because it is impossible to know the total energy content of a substance
b. because the energy of the reactants can be measured

c. because the energy of the products can be measured

d. all previous options are correct




Which of the following is correct about the reaction with
the equation: A4 — € ,shown in the diagram below?

oLl JEAN, ruda gl ] o (C sadalad) g3 Jo U Jga s A0 a5l

I AH > 0

AH > 0

. "grolu'tl < "nnd-ntl

H < Hosma

. Heat flows from the system to the surroundings

Badl ) sBD) G D5 ) i

A. lonly Li | LA
B. | and Il only B 151 .B
C. Il _and Il only BN
D. | and lil only Byl D

The diagram below shows the enthalpy change during

the dissolving process of ammonium nitrate. Which of

the following statements is correct?

A — The process is exothermic

B —The heat transfers from the system to the
surroundings

C — This process takes place in the heat pack

D — The enthalpy change sign is positive

NH;*(aq) + NO; (aq)
Products

-~ NH,NOs(s)
Reactant

43 Ades DA ghall cggaall B il adags slial Sl sl

fdasaua Al chlad) o caguisalf) s

shall sa)ls duleall — A

Lol Jassgll ) pUad) e 5lal) Jem — B
AL 53l 3 ioas Aeal) 528 — C

Lase 058 ghall gpadl (4 el 5l - D

- NH,*(a) + NO; (ac)
By

— A gt ———

alebacll sall)




Based on the figure below, which of the following | ¢3 ® dott o - s sy
s B flasaa 40N Clall (g (G hia) e BLy

[oo——muae
i

T:--fob—L— Ak 9 h

A. The formation of AICI; began at 0.0°C 0.0°C xic AlCl; JKasiu A
B. The final temperature of the reactants Cole il 2l 5 5 pall da ol
was -704°C. -704°C <P
C. The final temperature of the products -704°C oo 73,1 Ll 5 ) )allda p i€ ¢

was -704°C
D. The formation of AICI; releases energy. .l fasy ) AICl; (25585 (5252 D
Which of the dala in the following lable is correct? flasaa JUI Jyaadl 3 83)l5l SUL e ‘;\
Sl el S bl Gl el S el s A
The sign of the enthalpy change The change in enfhalpy Process Number
positive iaage exothermic 3l bl CHgOM(3) — CHOH) 1
positive Lose | endothermic  ihall dale NH(D) — NHy(s) 2
negative o | endothermic 5l iala CHOH(I) — CH,OH(g) 3
negative Lo | exothermic  §)al ik H;O(g) — H,0) 4
1 only La ]
3.4 443
| 2,1

4 only L 4




Which of the following equations does not represent

combustion reaction?

CHy(g) + 205(q) = COzg) + 2H;0(;) + 891 kJ

27 kJ + NH4NO3(5) = NHy(qq) + NO3(aq)
1
HZ(g) ¥ 502(9) =% HZO(I) + 286 k]

25
C8H18(l) =5 -2—'02(9) I 8C02(g) s = 9H20(l) + 5471 k]

13 sial Jolis Jiad Y 400 Y aladl

Which of the following statements is not correct according to the
diagram shown below?

foldal JS&) o 1) dasaes 8 00N Qi Al i

o f H,0@)
AHup
1
r v
H,0m
4
AHy,
AH,ps
H,0) v

A. The AH values of the molar enthalpy of vaporization and the
molar enthalpy of fusion are positive

A pall 3 el y ATl A gali 5 ) Al AH ad 055 A
e i

B.  The AH values of the molar enthalpy of condensation and
molar enthalpy of solidification are negative

Sl Lyl all g A0 13505 A AH o 0555 B

HC

C. The molar enthalpy of solidification and the molar enthalpy of
fusion have the same numerical values but with opposite
signs

Al e saall A0 gl 5 Sssmd Al i €
g A i (1 paaD Al pal 1l dpsaad

D. The molar enthalpy of condensation and the molar enthalpy of
vaporization have the same numerical values with same sign

Aol S L5 5 AL Ll el 5 g D
T ] i g el A gl 50l Lpssal




79. Write the sign of AH gygem for each of the following
changes in physical state.
a. CszOH(S) —> CszOH(l)
¢. CH3;0H(l) — CH;OH(g)
d. NH 3(') D NH3(S)

A fuel releases 1684.8 kJ of heat when 0.600 mol 0.600 mol Glhs) aic 5)all e 1684.8 kJ 2585 alkal
of it is burned. Which of the substances listed in Caghgll 130 Jidd LGN Jgaald) B A yxadl slgall gleil (gl .4da

the following table represents this fuel?

[ Substance 35 chemical formula iiues) Zizall | AH., . (k) /mal) |

Sucrose g Sull C12H12,044(s) -5644

Octane LSy CsHus(l) -5471

Glucose jgSslall CeH1204(8) -2808

Propane (b CsHs(9) -2219
Sucrose JeSal)
Octane o)
Glucose JsSsd

Propane Shgd)



Which of the enthalpy changes in the following reactions 5y Jia LU Celill 3 (5)lal) inall 3 lpaill (10 T
represents both standard heat of combustion and e dold (35S0 Byliag daudld (3l

standard heat of formation?

1 2802(9) + 02(9) _ 2803(9) ’ AH = -792 kJ
5 2CO) + 2NO () ——» 2COyg + Ny , AH = -385.4 kJ
3 Hag) + % Oyg — HOn , AH = -286 kJ
1
A H2(g) + 3 02(9) _— HzO(g) y A H=-242 kJ
Which of the enthalpy changes in the following Pl Jie LI cdleldll A glall ghiaa) A chuadl) e -_‘;i
reactions represents a standard heat of formation (A He) Bl eSS

(AH) 2

2F82O3(5} — 4F8(5) + 302(9) ) AH = 1625 kJ

CO) + % Oy —» COyq . AH=-283kJ
1
> Nog) + Oz ——» NOsyg , AH = +33.2kJ "

23(3) + 302(9) —_ 2503(9) g AH - _792 kJ



Which of the following statements is true regarding the faliol il Gl Lo dagaa 3000 cllall

changes below?

1 C2HsOH(D — C;HsOH(g)

2 NH;lg) — NH3(D

3 Bry(l) — Bra(s)

4 CsHi2(g) + 80,(g) — 5CO,(g) + 6H0()
Change 3 is endothermic hall jale 3 il

. In change 1, heat flows from the system dagaall Lassgll ) Ll Gy Bplal) a1 pasl) 3

to the surroundings
Change 4 is exothermic Blyall 35l 4 sl

In change 2, heat flows from the P Y daga) faigl 3 Ball JES 2 i 3

surroundings to the system

Which of the enthalpy changes in the following Aol Dol A ghall grad) B @bl e g
reactions does nol represent a standard heat of ¢ AH, Ll S 5ha Sl Y
formation AH; ?
3 °
Se) + 3 025 — SO AH; = —396 K]
Ss) + 3 F;g = SFg(q) AH; = —1220K]
l °
1 1 .



Which of the following equations represents
a thermochemical equation for the formation of 1 mol

of SO, from its elements in their standard states?

ZS(S) -+ 302(5) o 2503(5)

9

3

Jga saly (e 4jhall Atlel) Akl S 200D S sleall !

fiaddll e 2 apale 50 SOy e

AR’ = —792K] O
AH = —-198K] @)
AH = —1188K] @)
AH® = —396 k] Q

42 Which of the enthalpy changes in the following
reactions represents a standard heat of formation
(AH) 2

Dos Sy R0 Sl Wil 3 gl el A Sl e
TAHD) A as

2Fe,0,, — 4Fe, + 30, . AH = 1625 kJ

COg + 3Oy —»COyg ,AH=-283kJ

3Nyg + Ozg) ——» NOyg . AH = +33.2kJ

28y + 3029 ——» 2505 .

AH = =792 kJ




PRS TV IS~ 1 R T IO CRVE WY
Thasara b AIGN Shlal ol

Using information from the figure below,
Which of the following statements is incormrect?

Aan LA 0329500 B>
Standard Heat of formation

- > N L
NPT NS>
o.o : NLca). acad. S
= OISO D
- twe + SO >

Bl 3l Jeld SOy 1S Je'l OV A3 3ud SOy, JAH,

AH; of SO, is neg vaiue b the f

of SO, is exothermic

AN, of NO, . is positive value because the formation reaction Lall eta NO g Jells (N Aempe A NO ., J AN,

of NO, s endothermic

AHj of both Ny, and O, less than AH; of NO,, NOsg, 1 AH, (s Jil Og) 3Nugy o JSI AH

AH; of S , less than AH, of SOy, SOy JAH; on 3 Sy J AH,




Which of the following thermochemical equations is Tolial U2 e 3l Aagaa 00N 4 Ladl SVl

correct based on the figure below?

+33.2 A NOxa)
AHI(NO,)
0.0 ~ Natg). Oxta). St
s AHT(SOy)

S + Ozqp ——» SOs¢) . AH% = -396 kJ
Si * §°zm ——= SOy, , AH% = -396 kJ
Nyg) + Osg —— NOyg, AH% = +33.2kJ

3 Nag + Oy —» NOxg . AH% = -33.2kJ

28) Use the corresponding form to write the thermochemical equation for the formation

of one mole of aluminum chloride from its elements in their standard state

. e
a. Al + ;('ll(g) — AICl; l _____ 0.0--———--—--- Als), Clu(g)
P gch(g, — AIC]; — 704 kJ E
¢. Al +3Ch — AICL + 704 kJ 3 |
|-——7o4 ------------- AICI; ()

d. Al +5Cl + 704 kJ — AIC



23. Calculate the heat required to melt 25.7 g of solid methanol at its melting point.
Refer to Table 4.

24. How much heat evolves when 275 g of ammonia gas condenses to a liquid at its boiling
point? Use Table 4 to determine AH gnq.

25. Challenge What mass of methane (CH,4) must be burned in order to liberate 12,880 kJ
of heat? Refer to Table 3.

Which of the following statement is correct according to the
diagram shown below? olial JI) e 13l Aaaua 400 @il jlall i
o------HyO(g) -+~
4
AH,p
53
g q‘ AHcond
&3
~---2--HO() ---- %o
4
AHlus
AHso1ig
HZO(s) '
IA. The system energy decreases as ice melts and then 5 A5 b ) jlgeall Sl UL A8 055 A
evaporates
B. The system energy increases as water vapor condenses saaad Al plal) Ui S aie A &S WK B
and then solidifies
C. The vaporization of water and melting of ice are considered B all 3l wliles =l jpuay slall A wliles el C
as exothermic process
D. The condensation and solidification of water are 30l 33 saaad g plall B wliles Hi% D
considered as exothermic process

What mass of propane (C;H) in unit (g) is bumed to W s A (0) Sy (CoHg) shapd S
release 9985.5 kJ of heat? il ou 9985.5 ki £y

CgHg (9 + 503 (@ — 3002(9) + 4Hzom
The enthalpy (heat) of combustion of propane -2219 kJ/mol A anS, Shasd) 3lsal 5)m)

AH o, = 2219 kJ/mol (44.097 g/mOl sy il 3dsad 21S,

(Molar mass of propane is 44.097 g/mol)

110.3
198.0
154.4

66.20



Using the figure below, how much heat in (kJ) is required lo s 45301 (kJ) Baagy Bl 30aS e colial JSAN Uk e
evaporate 156.1 g of water at 100°C? 2100°C 5 o0 e ol e 156.1 g
(The molar mass of waler is 18.02 g/mol) (18.02 g/mol g5 ¢lall 34 4SH)

.........-.."m....-_-....-_
AH,p = +40.7k)

g ; AH s = —40.7k)
3




What does the zero superscript in the symbol AH g1, T AH o0 il sicall 4l ey g3 L

indicates?
Low pressure and Low temperature Laitills ) a dn jo 5 paidill el O
Standard conditions at 1 atm pressure and 298 k(25°C) (25°C) 298 k 5 )2 4 25 1 atm baus 8 Lol oy ) O
Standard temperature and pressure (STP) (STP) Carasliill 5 ) jall & 53y Jaduzall O
Conditions are 0 atm pressure and 273 k (0°C) (0°C) 273 k 512 33 335 0 atm i 4 <y k0 O

How much heat is required to vaporize 63.07 g | & slall (4 63.07 g il da 31 5 ) ol Al L
of water at 100 °C according to the equation eoLial Alslaall Uiy 100 °C 5 2 4> 0
shown below? (18.02 g/mol = slall 4 gall AL<))
(Molar mass of water = 18.02 g/mol)
HzO(l) -y HzO(g) AHV&p =+ 4‘0. 7 kl/mOl

-102.6 kJ

+81.2k

-122.7 K

+1425k




Using the diagram shown below. What is the 3.50 MOl £S5 die AH Aasd Le colid mla sall Al Jiaia Uik g
A H value when 3.50 mol of water condenses? folall e
A— (-85.0KkJ) (-85.0kJ )— A
B- (+115KkJ) (+115kJ )-B
C—(-142KJ) Phase Changes for Water oll) Ular ol ol (-142kJ)-C
D-(+142KkJ) B S G Y S (+142kJ)-D
AH,, = +40.7k) AH,p = +40.7k)
5 1
£ AH g = ~40.7k) 3 AHgng = —40.7k)
............. m ,.."...._."H’oov...._........
AHg, = +6.01K) | AN = 4601k
| AHg=-6.01k "‘i AH,,.,:—iG.O'IIU
ae e I mom ¥

A sample of natural gas is analyzed and found to be 88.4% methane (CH 4) and 11.6% ethane ( C2Hs ) by
mass. The standard enthalpy of combustion of methane to gaseous carbon dioxide (CO2 ) and liquid water
( H20) is -891 kJ/mol. Write the equation for the combustion of gaseous ethane to carbon dioxide and water.

Calculaté the standard enthalpy of combustion of ethane using standard enthalpies of formation from Table R-11
. Using that result and the standard enthalpy of combustion of methane -891KJ/mol and ethane -

1599.7KJ/mol calculate the energy released by the combustion of 1 kg of natural gas

32. Use Equations a and b to determine AH for the following reaction.
2C0O(g) + 2NO(g) — 2C0O,(g) + N2(g) AH="2
a. 2C0O(g) + O,(g) — 2C0,(g) AH = —566.0 kJ
b. N2(g) + O2(g) — 2NO(g) AH = —180.6 kJ

33. Challenge AH for the following reaction is —1789 kJ. Use this and Equation a to
determine AH for Equation b.

4Al(s) 4+ 3Mn0O,(s) — 2Al,04(s) + 3Mn(s) AH = —1789 kJ
a. 4Al(s) + 30,(g) — 2Al,04(s) AH = —3352 kJ
b. Mn(s) + O2(g) —» MnOz(s) AH=?




How much is AH of the following reaction?

€O, + 2H; ) — CH30H),

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

£ Jolidll AH 4ad L
» CO(‘) + 2!"2(') —:CHJOH(U
olial Ao pall ¢ 3 b a4t adl Aiuans) Sl padiu

a.
b.

AH = — 284 k]
AH = — 286 K]
AH = — 727 K]

1
CO(‘) + ;
1
Hy ) + 502 = H20,

3
CH30H, + 3 0z, = €Oz + 2H;0y,

02 = COz(q)

-1297 kJ

+1051 kJ

-129

+157 kJ

S TCalculate Use Hess's law to determine AH for the reaction NO(g) + 0(g) —

NO,(g) AH = ? given the following reactions. Show your work.

0,(g) — 20(g) AH = +495kJ
205(g) — 30,(g) AH = —-427 kK

NO(g) + O3(g) — NOz(g) + 0;(g) AH =—199k/




What is the enthalpy change A H for the reaction

folial Jeliall AHglall ggiaall 3 sl ))sie Lo
below?

2H28(g) +302(9) E— 2H20(|) + 2802(9) ’ AH = 7??

using the following equations: G EYaleadl Laaans
Sis) t029) —» SOyq . AH%=-296.8 kd/mol
Hag) + % Oy —» H20p . AH% = -285.8 kJ/mol

Hag) + S5 —» HiSg . AH% = =20.6 kJ/mol

-1206.4kJ
-562.0kJ
-603.2kJ
-1124 kJ

Using the following equations: 1A JEl Soyoleall Lasdsid

CiHyg) + 30yq) ——»2C0y + 2H;0 . AH=-1411.1kJ
Hag + % Oy — Hi0p) , AH=--285.8kJ
CaHgpg) + %02(9} —— 2C0y + 3H,0y . AH = - 1560.7 kJ

What is the change in enthalpy AH of the reaction

(kJ) Bangy olal Jelill AH gl giad) A3 uanll jlska L
below, in units (kJ)?

CZH‘;(“) o Hz(g) R Cqu’) , AH=?



Using Hess's law and the changes in enthalpy for the 2ol el g ) el g giadl 6l il y e o 9il8 Ladid

following two reactions:

3
2A+5C; - A;Cy AH — —1874 KJ k
3 2
2B +5C; = B;C; AH = —285 K]J
What is AH for the following reaction? A Jelitll AH Ad

2A + BzC3 — 2B + A2C3 AH =?

—2159 KkJ
—1222 KJ

— 1589 KkJ

+2159 KJ



Using thermochemical equations, 1,1l and Il below, ¢ saf 11 3 111 Aphall slesl cisledl lndnus

What is the AH® value for the following reaction? f Al ol AH® i3
o
=?
! 20F; ) - 03¢ + 2Ky AH = —49.9 K]
L 2CIF, + 055 — €104 + OFy AH = +205.6 kJ

1 3 o
ClF;, + 0z — ECIZO(E’ + EOFZ(S) AH = +266.7 K]

+394 kJ

-139 kJ

13. Using the reaction below and table data, what is A H’; of methane CH, (kJ/mol)?

CHyg) + 205 ——» COy+ 2H,0p , A Heoms = —891 kJ

COy) -394 kJ/mol

H,0p —286 kJ / mol

w —135 = =75 w. =47
Using standard enthalpies of formation below, ¢ ol dacldl) (sSall Bya o Landns
what is the AH,,, value for the following reaction ? £ Aul Jolal AH y, et L

2ZnS,) + 30,5 — 2Zn0(5) + 250,

502 Zn0, InS substance 5.l
-296.8 -348.3 -206.0 (kJ/mol) AH;r




What is the standard enthalpy (heat) of formation AH;

¢ 805 Call AH L) oSl 3a Lo
for 8O3 compound?

25(s) + 30,(g) — 2S03(g) AH = —-792 kJ

Using the values of standard enthalpies(heat) of formation AH;’.,m 3ol Lo ool duclall Sl Byln ad Landiid

below, what is the Al-l;’.ml value for the following reaction?

¢ e e il

CeH1,0¢(5) H.O( COy) substance sl
-1273.3 -285.8 -393.5 (kJ/mol) AH}

36. Determine AH®,, for butanoic acid, CsH,COOH(I) + 50,(g) — 4C0,(g) + 4H,0(1).
Use data in Table R-11 on page 975 and the following equation.

4C(s) + 4H,(g) + O,(g) — C3H,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) + %Oz(g) — NOy(g) AHp, = —58.1 kJ

a. zN2(g) + 50,(g) — NO(g) AH{ =913 kJ

b. 5Na(g) + 05(g) — NO,(g) AH? =2
What is AH{ for Equation b?

Regarding the chemical equations | and 2,
which of the following is comrect?

e b lae #0621 5AMSD aliladdl iy Lad

2Fe;03(s) — 4Fe(s) + 30,(g) AH = 1625 kJ
4Fe(s) + 30,(g) — 2Fe,04(s) AH=-1625kJ | 2

Both equations represent nonspontaneous process

GUD e Sldes S alilad) NS
Both equations represent spontaneous process

Lb Slles B4 Saliladd S
Equation number | represent spontaneous process and At s dde S 2 M) dsladly ASED e B ] A Asled)
equation number 2 represent nonspontaneous process

Equation number | represent nonspontaneous process Al ddes S 2 ) Alsladlly A0S e Adee B4 | A Alslad)

and equation number 2 represent spontaneous process




44. Predict the sign of AS_ .. for each of the following changes.
a. CIFg + F,g — CIF(g) c. CH 0H(l) — CH OH(aq)
b. NH3(g) — NHlaq) d. CyoHgll) — CyoHgls)

45. Challenge Comment on the sign of AS_ ... for the following
reaction. Fe(s) + Zn”*(aq) — Fe”"(aq) + Zn(s)

In which of the following cases does the random Cilapand (V1) Lilplall 3500 Sl 0D YL Gl A
molion (enlropy) of the particles of the substance faaldl
increases?
200(9, + 02(9) — > 2002(9) 1
HClg) —» HClig) 2
NaCI(,, —r Na*(.q, + Cr(.“ 3
2803(9) —— 2502(9) + 02(0) 4
1, 2 together (PP |
1 only L |
3, 4 together Gad 43
3 only Lid 3

¢ AS 5Lk 5l Sa ¥ AL CeUN G i A
In which of the following reactions , the sign of AS cannot be predicted ?

A. -
NﬂCl(,) =5 Na(:q) + Cl(aq)

B. 02(g) = 02(aq)

C. 2803(‘) -y 2302(‘) s 02(')

D. Fe(,) + Zn%:q) b Fef:q) + Zn(,)




In which of the following cases does the random Silagand (29 Y1) Ablsdall ASal ook 300 SV $ ]

motion (entropy) of the particles of the substance

e5aLall
increases?
COzg) —* COzuq) 1
2NOyq —— N;O4(g 2
KNO35 ——» K'ag) + NO;3 (aq) <
CH3OH(s) — CH3OH() 4
2,3 352
3.4 4,3
2 only 130
1 only Laad 1

For a process AHygtem = —160 K]
and ASgygiem = —400 ] /K at 25°C

Which of the following is correct?

B pgtem = ~160 k] cslS 1§ dima isee 3
25°C 5 )8 da 2 2o ASygiom = —400 J/K 3

Reaction Spontaneity e lall 45l

spontaneous /s

spontaneous /i

nonspontaneous Jlb

nonspontaneous Jlk &

¢ s i Laa gl
AGsystem
-279.2k) |BA
-408kJ | B
11760kJ | C
150k | D




For a process .if you are given the information below. <aal Eilaglaadl calaal 13) (le 2lee -

AH = —27.6 kJ « AS = —55. 2 J/K » T= 535 K
Which of the data in the following table is correct? Fhaaa A0l Jeaadl A 53l UL e o
i Agleal) AN
P Process spontaneity
A +1.93 kJ nonspontaneous Agslab s
B —1.93 kJ spontaneous aslan
L= +75.1 kJ nonspontaneous AJdAn s
D — 75.1 kJ spontaneous Aaslak
D
A
B
e

8=l adlall jumi wlw> Calculating free energy change

What is the 46, value of the following process? DAL AG Ly, b
Sitem Z195I/K  + MMy, = 145K and T=293Kk? |e4S" —105)/K 5  AH,, =145k s T=203k

a. +87.9kJ O
b. -5.7% 10* kJ @)
c -4.25x 10* kJ O
d. 41525 k] (@)



Copper (Il) sulfide reacts with oxygen under standard Lol gyl Jh B CraaSY) e () eladll ai, € Jelis
conditions to form copper (ll)sulfate as shown in the colial Alabaal) A3 LS (1) peladl) ibiayi€ 5SS

equation below. Which of the following is correct? frna q:,l,, Las (5

CUS(S) + 202(9) _ CUSO.«S)

AH%= ~718.3kJ , AS% = ~368.0J/K

(R85 5 / &5l) e
AG® (kJ)
Process (Spontaneous / Non—Spontaneous)
Nonspontaneous aslit ;e +7271.D A
Spontaneous 4k -609.0 B
Nonspontaneous aslil & +571.8 c
Spontaneous 4.k -3571.8 D
Which of the following reactions would you expect to be FADs 5l e s o LEAT (0% O 2855 000 SN (e )
spontaneous at high temperature? (olu'uf Syl pudda)
(Use the table below)
Hopem G yyutem]  Reaction spontaneity A6 s [AS,] AR,
= S | e Shways sp L b Wbl |+ =
= = Zoth | IDSseneONs ot leniir smpariting L Ty SO T o EOuy fueyy g =
+ + —or+ P at higher temp ASe IS A A | Segieage |+ +
+ = shways + never spontaneous | s 3B 2 Tl s | = s
A. PClzm+d1m') PCls(') AH =-879K
B. 2NHsg > Nogy +3Hyg  AH =+922K
33 ZCOM +02(.)-)2C0m AH® = - 566.0 kJ
D. HiOy) + %05 > H:0yy  OH" =+ 105.5kJ
Which of the following reactions would you expect to € Ladla AN e O aB 200 <Se ) Ga '
be always spontaneous? (oh’.ﬂ"ba_a.fl Al
(Use the table below)
Hiyuiem | 8Sipsen] AG yyyrem]  Reaction spontaneity S 86 s [AS3] AR,
- + always — Iways sp Tals LA [T Tz =
* T T S — T 1 s i 3 S | B Joage | - =
T e e — e
A. PCl; (g) +Cly(g) > PCls g AH =-87.9 k)
B. 2NH;3 g > N2 g+ 3 Hz g AH°=+92.2 KJ
C. 20s(g) -> 30:(g) AH° =—427.0kJ
D. H20 (g + %03 > H20; (g AH® =+ 105.5 kJ




If AS% pem = 97.5 J/K, AH®, oo = 7.85 kJ

for a reaction, what is the lowest temperature in kelvins

(K) at which the reaction would be spontaneous?

81.0K

94.3 K

87.6 K

75.4 K

AH'-7.85kJ ¢ AS°=97.5JK SN
e 055 G (K) QASI ha a0 JBl e e el

L3k Jelad



