CHEMISTRY EOT 12ADV CH1 answer key

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
@ 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

@- 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? Sl sl A Caas ) e Jid o e 55

—
. @n Ao
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INSTANT
GOLD PAGK
5 (%) (n,
_f / ‘ 3
; 4"—— NHiNOx»

i -L}-;— Inner bag of water
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NH,NOy,) —NHj,, +NO3,  AHp, = —27k

NH,NO;,,) + 27 k] = NHj, + NO; e

NH4NO;,, + 27 k] — NH{,, + NO5,, + 27 K]

NH4NO3(,) — NH{ 0 + NO3 o) M, <0

14 Which of the following statements is incorrect About the heat

pack?
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Heat pack is the system and person cold hands is surroundings Il e 83 AN el gy ARl e AL SalSY

Heat flows from the surroundings to the system 1/

The reaction in this pack is exothermic S el o e S S wia b Jelioh




How much energy in joules is supplied by a

breakfast containing 170 Cal?
—— (?o XY 3y =

170 Calyg o8 A Ay o G 0 (1) ol i D e

1.7x10%J

An exothermic reaction releases 146.4 kJ.

How many calories of energy are released?
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146.4 kJ sall 3k Jolis 3l
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[4é--1 X Voo = T % Y-\ 7Y
4.500 x 10° o
3.500 x 10* v o
6.130 x 10° o

6.130 x 10° O



Which of the following statements is true about the Solial Jgaall & CalSAL Blady Lasd dsana 300G Slall g

two figures in the table below?

g

150 Cal soxies =Yl 8y = \\l« Cq \
el —
Y X
The energy in X is greater than in Y Y o leie SSIX o )
The energy in Y is 3.6 x 10° J 3.6 X 10° J gLl Y 3 aahll
The energy in X is 355 Cal 355 Cal (glii X 3 Ll
The energy in Y is greater than in X / X &l Sy & Bl

Which of the following contains the highest

nutritional Calories?
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To vaporize 3.00 g of ammonia, 845.5 cal are 845.5 cal 1| glias aisa¥l 50 3.00 g aal
required. How many kilojoules (kJ)are required to gl (o BN i il 3L (kJ) s> sbS S
vaporize the same mass of ammonia?

gys.5 X Y413y = I Llooe = fi

-_—

2.87
3.54
3.85

2.68

1. A fruit-and-oatmeal bar contains 142 nutritional Calories. Convert this energy to calories.
ZZ 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?
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The temperature of a gold le increases from
pcsponlitdi il
25°C to 65 °C as it absorbs 412.8 J of heat.
™M
What is the mass of gold?
c
The specific heatof gold is 0.129 J/(g.°C)

Lie 650C N1250C (o ad) e ALS 5 ) a A adl
Caadll Al ¢L..‘o)|);.h;,.412_81_..m.— il
0.129 J/(g.0C) & =il is 55 ) 2

A-100g 100g—-A
g zmxex BT 80g-B
@803 X © \T‘(X (65—’,";)
C-60g Yj2.3 = 60g-C
" i
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
among those listed in Table 2.

substance? |dentify the substance

SE4E = (5% KE X(Wd= 25
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6. Challenge A 4.'§0 g nugget of pure gold absorbed12 76 J of heat.

The initial temperature was 25.0°C. What was the final temperature?
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= e 129 J/¢-c
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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)

Shall (e 43S 75.0°C a5jlia a0 JasliY) e 250 g s Vi
S elidU A8eal 5)hadl dnja L3 L 4655 0 lajlaie
(2.44 J/ (9. °C) A Jsitidl dse sl 5))al))

Difficulty Level Question Lesson(s) Question Marks

Intermediate No specific lesson 5
er Option
82.6°C
M B = g
L4 vy F

¥ 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?
— p—

~lY =
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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?

/ 5S¢4 = IsT XCX ( wo _zs)
. 2.44 J/(g.°C)
b. 1.47 J/(g.°C)
¢. 0.92 J/(g.°C)

d. 0.57 J/(g.°C)



Equal masses of of the four metals given in the table

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?
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psadiSll paadiy il | Gala)l) o saginall Metal 3wl
Calcium Strontium Lead Magnesium
0.647 0.301 0.129 1.023 J /(9.°C ) Specific Heat izl 5l

The lowest is calcium, then magnesium, then

lead, then strontium

The lowest is magnesium, then calcium, then

/ strontium, then lead

The lowest is calcium, then strontium, then

magnesium, then lead

The lowest is lead, then strontium, then magnesium,

then calcium
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Equalmasses 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?

AK 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 to a 10 g sample of each of P y w32 A . mb a2
the following metals. If each metal is initially at 20.0°C, which | P> S Oelip S 0a10g A5 s ol Syl

metal will reach the highest temperature? g S 120,000 A SRS ) ad Ay s 2381
) da 80 D Sy

T
Berythum 1% =5 , o !', e
Calcium p et 0653 1/(g0) /r
Copper ad 0.385 | /(g*C) C‘ o
Gold <3 0.1291/(g°C) &
o

GolduJV

Copper Aad

Beryllium »s% 2>

0190|060

Calcium  »pdO
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1. Interpret Data Egual 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
ncrease to smallest.
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In the figure below, which letter represents where the sample il 4 g5 1 S Jiad o2 i jadl La colisl JE2b 3
is placed?
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Why is there a law-friction stirrer in bomb calorimeter
shown down?
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Which of the following statements is incorrect

according to the foam—cup calorimeter?
The data to be collected is the specific heat L//
Used to determine the specific heat of unknown metal
All reactions carried out in it occur at constant pressure

Worked in the open atmosphere
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Which of the following statements is incorrect Sy Blais lad daaia s A0 ol _;1

regarding the two calorimeters in the figure below? el Jgan 43

Calorimeter (2) jaw) Calorimeter (1)

3

change in temperature of the

A. The data to be collected in both calorimeters is the P Aa 0 aid A Giymesdl U8 3 lpnan e A Ll B

mass of water ol 3us

Al reactions carried out in calorimeter (2) occur at dad il Sl (2) el daly sl cllaldll e B,
constant pressure ot
—_—
A low — friction stirrer in calorimeter (1) ensure Smge Bm s (1) maddd b SSY1 Gaiiia ) e C
uniform temperature
@ Only calorimeter (1) can be used to determine 3l 3 slall a3 8 (1) meddll plaiinl oS5
specific heat of a metal
When a 360 g piece of hot alloy is placed in 425 ¢ (44259 360 g\ Lals A (o Aakad piay 20
of cold water in ‘: 1<_:a;or‘-i.tmater. the temperature of the Bad Pl o Ji e Gla jad 4 (LD
alloy decreases by 205°C, while the temperature of the 18.7 °C iy o\ ) a0 Jap Win ¢ 205°C joia

water increases by 18.7 °C.

Rl 3¢ s ad Lo

What is the specific heat of the alloy?

Specific heat of water- 4.184 (J/g.

——

©) 4.184 (J/9.°C) = oLull Lol galt

0.380J/g.°c

—

0.450 J/g.°c

0.235 J/e.°c

0.129 J)/g.°c




When 50 g,of an unknown substance is 50 g LaliS Aidlu daglea 48 3ala (e dakid puia g 2ic
placed in 100 g of cold water in a 3 a A 0 s i B L elal) (0100 g
calorimeter, the substance temperature is 303 Ax )3 cadi )l Laln 104°C ) 168°C (s 32l
changes from 168°C toﬂii04°c, while the _ 1°C Jaha; slal)
temperature of the water increased by 1°C.

What is the specific heat of the subsfance? 5l 4 gl 5 Al La
Knowing that the specific heat of water at ¢ g sLall 298k (25°C) xie 4 gill 3 ) all ol Lale
298 K (25°C) is 4.1841/(g.°C) 4.184 1/(g.°C)

) 5 e . TR e -
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164
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When a 88.2 g piece of hot alloy is placed in 175 g 5 88.2 g\ Liale A (e dadad pay 20
1;\5 g of cold water in a calorimeter, the temperature ey Al Bl A550 ST« janygllS 3 3L el (e
of the alloy decreases byb72.: t;C. while the 15.6 °C )i ol 5jha 350 adis i « 76.4 °C
temperature of the water increases by I1351.6 °c 2/ (9. °C) s2ays 3l duc i) 5l L
What is the specific heat of the alloy J/ (9.°C)? s X' 184X (5-¢ = —( ¢32xCX — F6. “)
The specific heat of water = 4.184 J/(g. °C) 4.184 J/(g. °C)= elall o5l 5l
A.1.7 B.2.4 C. 0.809 D. 0.129
A RN il ossexmmes y

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 is 0.230 J / g. © C, what is the final temperature of the mixture
C» — consisting of tin and water?
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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 9@°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

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

M b e
T 50 C.'. qo & Tp—g° = -_— ( 1(TF —qv
- o-4y s
(- ] q""i q T ~ ’?6,6 2
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Two pieces of aluminum and iron were left to sit in
the Sun at the same time and for the same length of

time. What is the mass of the piece of iron (g) whose

eiily SRl i 3 eadl 3 aally o gialV] (e ekl 0S5
ey \‘.'l)‘); dapa Ay 41“ (g) aaall adad A€ L A,.'u)']l 32l
®assiall) dakad jla Ao 0 52l) jlsia

temperature increases by the same amount as the

piece of aluminum?

3l assialy) W]
Iron Aluminium Substance
........... 47.09 Mass aus!
0.449 0.897 Zeo sl Bhall
Specific Heat J/(g. °C)
3(9% 304° AT
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beaker and mixed, Placing the beaker on a wet
board causing the wet board to freeze to
the beaker. Why?

When barium hydroxide and ammonium - PJ;,;,‘,,\H & TR RS [T CPPR I | JRTIV. AT O S E Y
thiocyanate crystals, shown below are placed in a Jm_, [l 7als i ‘,1‘5]‘: N L PO PR (4|
L2 Geails by Eiay pl-aoe

Ol s La

hdothermic reaction occurs and heat flows
from the water and board into the beaker

oL Gm 51 iy 55 a0 Gl Jelis Coym A
oS ) 2,5l

from the beaker to the water and board

B. Endothermic reaction occurs and heat flows [ 1| LSl a5yl jall J&iT , 5 ) jall ol JeliiCipa B

an|J clal

the water and board into the beaker

C. Exothermic reaction occurs and heat flows from | ~ 0 clall (e 5 ) el Jai55 5 ) jall o jlh Jelii Ciga ¢

ol Y

the beaker to the water and board

D. Exothermic reaction occurs and heat flows from | 1| i€l a5 ) o) J&35 55 ) jall o s Jelifiaa p

7l el

(

When barium hydroxide and ammonium thiocyanate

crystals are placed and mixed in a beaker on a wet

board, the beaker freezes to the board as shown in

the figure below. What explain that?

A — An exothermic reaction takes place and causes
the evaporation of water on the board

9 An endothermic reaction takes place and causes
the freezing of water on the board

C — No chemical reaction takes place

D — No heat flow takes place between the system

and the surroundings
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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?
@) 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 | fsGaf JSi sy f o € el 55 Jolid Jya Buas 2300 0
the equation: 4 — € ,shown in the diagram below?
L AH>0 R AH >0 A
Il "prodm- < ”n-da-u il "y‘, < "M Rl
L. Heat flows from the system to the surroundings .~ Baal J) AR e JEIZ5 ) Al m
-t---- A --------------- o CXO
51 |
- J tip < MR
}——— c------Y-
___A. lonly & | LA
B. 1 and Il only k& 11 .B
@l and lil only BN .c
D. 1 and Il only BEnsl 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

weeeeeenees NHgH(ag) + NO; (ag)
Products

N

Enthalpy

-~ NH:NO(s)
Reactant

L3 Ades Dla ghall ginall (B ) mangs sliaf lall a)l

5hall sa)ls doleadl — A
Lol Jassll ) Sl e 5)al) Jum — B
Al 52l 8 tias Adeal) 838 — C
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Based on the figure below, which of the following
statements is true?

fdasa 40N Cjlall (gf (BN Bl e 5Ly

A. The formation of AICI; began at 0.0°C

I——-o 0 A, Chig)
-
E
2
3
)».. - 704——&——— AlC 10

0.0°C =ic AICl; JSasis A

B. The final temperature of the reactants Colelinall 48,3l 5 Slallis pcill g
was -704°C. _7040(: G“

C. The final temperature of the products -704°C » 75,0l Al 5 ) pall dn o cilS ¢
was -704°C

QThe formation of AICI; releases energy. / aslal) 133 W AICI; 032585 5252 D




Which of the following equations does not represent 13 sial Jolis Jiad Y A0 cYaladl 4

combustion reaction?

CHy(g) + 203(g) = COz(q) + 2H,0y + 891 k] @)
+ o
/ 27 k] + NH4NO3(s) > NHyqq) + NO3 (40 '®)
1
Ha(g) + 5 02(g) = H20q) + 286 k] O
25
CgHyg(py + 702(3) — 8C0y(gy + 9H,0p) + 5471 kJ @)

79. Write the sign of AH gygem for each of the following
changes in physical state.
a. C;H;OH(s) — C,H;0H(]) ende
b. HzO(g) g HzO(l) Ao
c. CH;0H(l) - CH;OH(g) ende
d. NH;(l) = NHi(s) ek -



A fuel releases 1684.8 kJ of heat when 0.600 mol 0.600 mol Glha) aic 5))all e 1684.8 kJ 258y ik
of it is burned. Which of the substances listed in Caghsll 134 Jidh G Jgaad) o Al dlgall plgil (gl ada

the following table represents this fuel?

Substance il chemical formula 4t dawalt AR K} Jmal) |
Sucrose jj <ul C12H2:014(s) -5644
Octane Sy CsHs(l) -5471
Glucose jsSslall | |, CeHiOdls) -2808
Propane (g CsHs(9) -2219
Which of the data in the following table is correct? faasnia JGll Jeaall A 53l QUL (e @
Shall gl Al )L Shall gadl Al Al A
The sign of the enthalpy change The change in enthalpy Process Number
positive Linge exothermic )l 535l C,HsOH(s) — C,HsOH() 1
positive iage | endothermic 5l dale NH;() — NH;(s) 2
negative il | endothermic hall Lale CH30H() — CH3;0H(g) 3
L~ negative id.| exothermic  3)allsylh H,0(g) — H;0() 4

Which of the enthalpy changes in the following reactions 8l Jiek LUl el 3 gliall sinall 3 cyaill e ;5‘
represents both standard heat of combustion and Tlan dauld (s Bl duuld 3l

standard heat of formation?

1 2802(9) + 02(9) _ 2’803(9) ’ AH = -792 kJ X

3 Hag) + % Oyg —HOp . AH=--286kJ [~

4 Hag) + -:,- Oy —» HO . AH=--242kJ ¢
——




Which of the enthalpy changes in the following Sl Jiep 300N Sl 3 ghall Ghaall A Shaill (e Lg;i
reactions represents a standard heat of formation (A H'o) IV TP

(AH) 2

2F5203(5) —r 4FE(5) + 302(9) ’ AH . 1625 kJ

CO * % Oy —» COyq ,AH--283 kJ

1
5 Nog) + Ozgp ——» NOyq , AH=+33.2KkJ /

28 + 30549 —— 280;5g , AH=-792kJ

Which of the following represents the standard enthalpy of BN (n 3l ol A (0S5 8 o gl b
formation for the compound formed in the following reaction? LAG]
3 200 + Oy — 2C04 AH = — 568 k]
= ——
b.  Nag + 20z = 2NDy, AH = + 66.4 k]
V2 P+ g — R AH = - 273 K]

d. 8034 + Hy0q) — Hy504,, AH = - B14 k|



Which of the following statements is true regarding the

changes below?

Polial pailly laly Lo davaa 300 Cijlall (g

C2HsOH() — C3HsOH(g)

NH;(g) — NH(D

Bry(l) — Br(s)

CsHia(g) + 80,(g) — 5COx(g) + 6H0()

Change 3 is endolhermic

In change 1, heat flows from the system

to the surroundings

Change 4 is exolhermic

In change 2, heat flows from the

e

Phall jele 3zl

Jxadll Jagll ) Gl e lal) S 1 )

5lall .1)].1: 4 eadll

Pl ) Il Jaeg) 0 Bl JEE 2 i 3

surroundings to the system

Which of the enthalpy changes in the following
reactions does not represent a standard heat of

formation AH; ?

3
Sts) +3 O2(g) = S03¢g)

S(s) + 3 Fzg) — SFg(g

1
/ NOgg) +35 Oz = NOyq
-

1 1
5 Hag) +5 Foq) = HF g

Al cBlelall A ghall giaal 3 bl Ga gl
CAHp 38 S e Y

AH; = —396 K

AH; = —1220K]

AH; = —58.1K]

AH; = —273 K]



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(,) + 302(8) =t 2503(3)

9
3Ss) +302g) = 3503¢p)

3

Jga 2aly 5ol jhall Adlaal) Allaall i 200 Y slaall sl

Tl Lilla 3 salic 3a SO5 (e

AH = —792K] O
AH = —198K] O
AH = -1188k] O
AH® = —396 K] O

Which of the enthalpy changes in the following
reactions represenits a standard heat of formation
(AMH) ™%

e S 000 el 3 gl el 3 Sl e g
TAHY) 8 0sS

2F0203(., —lp 4F°(.' + 302(" N AH - 1625 kJ

COy) * ; Oy —» COyq ,AH=--283KkJ

; 1
(/ 2 Nz(g) + O;m —p NOz(,, yAH=+33.2 kJ

28 * 3029 —— 28505

. AH = -792 kJ



colaal USAN ity Gaadad

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

Phaaen b AN LGN S

—
AL BIV 030 9STIN B~
Standard Heat of formation
6’).2) S NO o>
NPT NSO LD
o.o ~ Nta). Oatad. S
e e S— -
= ERPAT RO D
— e * SO >
—
|
AH; of SOy, is neg value b the for 5l 3l Jolk SOy, 258 Jelb JY A0 343 SOy, 1 AH,
S—
of SO, is exothermic
—
A of NO,. is po value the fo ol e NO ey Jogs Je s Y Aumpe A NO,, J AN,

of NO, iIs endothermic

AHj of both Ny, and O, less than AH; of NO,,

NOyg) 3 AH; 1o il Oy sNoggy IS AH,

o

AHj of S , less than AH, of SOy,

SOy JAH, o0 IS 1 AH,




Which of the following thermochemical equations is Tolial JSAN e 2l dagaa A0 auobaldl S ala .‘c‘

correct based on the figure below?

@ - —

AHI(NO,)
0.0  Nta). Os@). 56

3 AHI (5O
~396 ‘ - SOs(@)

S(s) = 02(0) —_— 303(9) o AHof - -396 kJ
S(,’ + ; 02(‘) e— 803(0, N HO‘ - —396 kJ I/

Nyg) + Ozygp ——» NOyg , AH%=+33.2kJ
> Nyg + Ozg —» NOyg, 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

3
a. Al +3Cl — AICI | _____ R T
B i %Clz(g) — AICL; — 704 kJ E
3 " ES
¢. Al +5Clg — AICL + 704 kJ / 3 |
I ——704-¥ 07 AICL; (9)

d. Al + %Clz(g) +704 kJ — AICL



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

olial JS& o 13lade) daaua AN il jlal) i

------ o-f-»H,O(g)
AHp
53
= A
% .—} H:ond
>
U B, A
4
AHlu:
AH o4
______________ —

A. The system energy decne’éses as ice melts and then
evaporates

5 A5 b ) jlgeall Wi aUAL A3 JE5 A

[B. The system energy incpeﬁses as water vapor condenses
and then solidifies )

saaad Al plal) i S i AU A3k & B

C. The vaporization of water and melting of ice are considered
as exothermic process

ALk ciles EEl jpay plall A clle el .C

D/The condensation and solidification of water are
considered as exothermic process

50 ol 33 )k saaad g plall S wliles Hda% D

] M

point? Use Table 4 to determine AH gy

chliOF = o
23. Calculate the heat required to melt 25.7 g of solid methanol at its melting point.

Refer to Table 4. n NW3
24. How much heat evolves when 275 g of ammonia gas condenses to a liquid at its boiling

=17 8/~

q

25. Challenge What mass of mcthane?éH..) must be btirlu_:d in order to liberate 12,880 kJ

of heat? Refer to Table 3.

\\M'; 16 9mo\

s 25-% it B B-T% 1
7L,'Lq.$o- v x7/sql 9 = oy 3.
= 27?5 23 .3 = — 37F€-9 '43
L3 o St




What mass of propane (C;Hy) in unit (g) is bumed to m i I (0) Saags (CHy) cund S e
release 9985.5 kJ of heat? thal a 9985.5 kJ gy

~—

C;H; (9 i 502 @ —> 3002(,, * 4H20(,,

The (heat) of of prop —2219 kI/mol A AHZ, Suasd 3lial Bha)
— q q 3 S S = * - ‘11'\“ AHl =-2219 kJ/mol (44.097 g/MOl g 5l 3dyal) 2SN,
9y.o4 7 (Molar mass of propane is 44.097 g/mol)
110.3
o, 198.0
154.4
66.20
What is the heat required to melt 25.7 g of solid € gl & 0t Cllall J i) (0 25,7 g pgeal L 333 ) 2l e
From— —_—
methanol at its melting point?
Molar mass 45\ &5 | AHC (kJ/mol) | Formula iixal Substance 33l
(32.04)g/mol) ( 32327 CHsOH solid methanol «lall J sl
3
25-
Y4 q¥—— X3.22
B 2.58kJ .
<~ o
1.61 kJ O
3.22 kJ O
0.80 kJ O



Using the figure below, how much heal in (kJ) is required lo
evaporale 156.1 g of water at 100°C?
— — —

(The molar mass of waler is 18.02 g/mol)

—
=

-

=gl

e e - HONg) -

AH o = +40.7 k4

AHcond = —-40.7 k)

.

AHy, = +6.01kJ

el LU (KJ) Baagy Bhadl 3paS L solial JS2N ULyl
£100°C 5 o0 e oL e 156.1 g
(18.02 g/mol gguss ¢lall 34 A8SY)

156

——————

| %.07

7\“\0.1

—
—

o | AN =—801K)
185 .
353
236
347

What does the zero superscript in the symbol Ali?

omb

indicates?

Low pressure and Low temperature
/ Standard conditions at 1 atm pressure and 298 k(25°C)

Standard temperature and pressure (STP)

Conditions are 0 atm pressure and 273 k (0°C)

® AHomp 3+ g sladl Diaall 4l 5udy 30 L

= Lma'y l“)"ﬁ‘-}ﬁ, DRI S| O
(25°C) 298 k 531 3n &a y03 1 atm Jaia & Lodll iy JLal) O
(STP) Cutpasliil) 531 ) A 51 g Jniiall O

(0°C) 273 k 5055 Aa 335 0 atm Jaaua i byl O



Using the equation below,hhow much heal AHeomb sl e AHeomb 43l 5)hall 434S La coliol aaladdl ki ga

is released by buming 154 g of CII-.'I}‘ methane? $CH, tudd e 154 g
msm—a—
(Molar mass of methane is 16.04 g/mol) (16.04 g/mol » &l 3Jsall ksl

—_—

CH4(@) + 20,(g) — COx@) + 2H,0() + 891kJ

-—
157 X- 8
Loy 5.20 x 10° kJ
6.70 x 10° kJ
4.50 x 10° kJ
o 8.60 x 10° kJ
How much heat is required to vaporize 63.07 g | 1o slall (4 63.07 g il 4a DI 5 ) ) laS s
of water at 100 °C according to the equation folial Alolaall lid5 100°C 5 4
shown below? (18.02 g/mol = slall &g 4L )
(Molar mass of water = 18.02 g/mol)
HzO(]) = HZO(g) AHvap =+ 40. 7 kl/mﬂl
£€3.07
s KO -102.6 kI
1307
+81.2 kJ
-122.7 k)

P +1425k




Using the diagram shown below. What is the 3.50 Mol asiSs dic AH A Lo colisi i gall Aildall inie il 5
value when 3.50 mol of water condenses? Celall e
A- (-85.0kJ) T (-85.0kJ)-A
B- (+115KkJ) (+115kJ)-B
@ ~142KkJ) Phase Changes for Water sl Ve il s (-142kJ)-C
D-+142KkJ) = [T% O Y S (+142KkJ)-D
AH,y= +40.7K) AH = +80.7K)
B E\
q N X 'y z AHog= 140.710 1 AHing = ~40.7K)
b 3 - 3
ﬂ .
= % M ’m .............. e O
- - AHi=+601K) | AHor = +6.01K)
AH = ~6.01k) F aeen Tiniia
........... HO00) e o o ¥

.............C.t/.ﬂ.:f..lﬁ.?.hs.\...............‘.:-.H&...u—.:-.aJ./m\..................................
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 togaseous 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.

Calculate 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

C Hy 4102 —3 Coz +M1° c,_n‘/z_o,_achlu 12
ass Nibura| d«d = \oo= 9 )
- - &% _ 791 =-4a11%3
o#h _ looo X B8 _ g1 9 M 1= '—6—)(
l"""}"> of pine ¥ Voo W ]
< né 9.7 = -6 1855
<H. -~ teoo X M o W65 PLC g ——k-15%
V% 4 ne . = =
-554)13. 2

PRACTICE Problems Extra Practice Page 986 and glencoe.com

32. Use Equations a and b to determine AH for the following reaction.
~—> 2C0(g) + 2NO(g) — 2C0,(g) + N2(g) AH="?

a. 2C0(g) + O2(g) — 2C0,(g) AH = —566.0kJ X\

b. N2(g) + O2(g) — 2_l\10(g) AH=—-1806 k] X ~|



PRACTICE Problems Extra Practice Page 986 and glencoe.com

32. Use Equations a and b to determine AH for the following reaction.
2C0(g) + 2NO(g) — 2CO0,(g) + No(g) AH =2
a. 2C0(g) + 0,(g) — 2C0O,4(g) AH = —566.0 kJ
b. N2(g) + 02(g) — 2NO(g) AH = —180.6 kJ

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

—=> 4AI(S) +@Mn0,(s) - 2A1,04(5) + 3Mn(s) AH = —1789k) X -

4Al(s) +:305(g) — 2AI,05(s) AH = —3352k) X 33
Mn(s) + 02(g) —Mn02(s) AH = ? 1134
A\, = - _,ﬁ;,td#ﬂn /{ﬁum i 3
9 ?K 3152
‘:,L/ﬂ/) + C’\ = 2
=il
How much is AH of the following reaction? fAL Joliill AH Aad e
CO,) + 2Hy, ~ CH;0H, COy) + 2Hy, — CH;0H),
Use the thermochemical equations (a, b and c) shown below 2Ll Aada pall ¢ 9 b ¢@ 4 ) padl Andaast) Y slaal) pddded
a €O+ ‘oz‘,, - €0y AH = — 284 k] X\
b. "2(.) += 0:(‘, = - H~0(|, AH = — 286 k’ X‘L
e. CHJOH(D += 02(') = c02l‘) + 2H20l|, AH = - 727 kl x - \
-1297 J
+1051 kJ
-129 W L

+157 J



e BAASESATER NI OVEWIMD ML SWEIIIMIM MM LU ML ML B ML LI Sk ) VERILEE Mainy

Hess's law.

40. Describe how the elements in their standard states are defined on the scale of N o
standard enthalpies of formations. N 0 ~+0 — 0

41. Examine the data in Table 15.5 on page 538. What conclusion can you draw - | —
about the stabilities of the compounds listed relative to the elements in their
standard states? Recall that low energy is associated with stability.

AJ2Talculate Use Hess's law to determine AH for the reaction NO(g) + O(g) —
NO;(g) AH = ? given the following reactions. Show your work.

o = ) } - =M45
(0 —20Q) AH= +a95k  X-X g Mo ,7/(1 N
L 2059 —30,(g) AH=-427k) ¥ .LL . e <
3 NO(g) + 01(g) — NOy(g) + 0x(0) AH=-199k] x ~ afa; —_— TN | qz}
- e e
43. Interpret Scientific Illustrations Use the data below to draw a diafjram of e

diagram to determine the heat of vaporization of water at 298 K.
Liquid water: AH = —285.8 kl/mol B
Gaseous water: AH{ = —241.8 kJ/mol

standard heats of formation similar to Figure 15.15 on page 538 and usdyd&) -%‘, N, 4 )}I/ AWM= ‘1

T e
L

What is the enthalpy change A H for the reaction olial Jelall AHgyhall (ggindl) ol jlaie L
below?

2H28(g) +302(g) — 2H20(|) + 2302(9) y AH = 7??

— — oS e
using the following equations: 7 rE eV aleddl Laadnih

S(s) +02(g) —_— fsc)z(g) ,A Hof e _296-8 kJ’mOl X z

Hag) + % Oy —» H0p , AH% = -285.8 kd/mol X 2

Hyg) + Si — HiSyg) , AH% = -20.6 kJ/mol X -

-1206.4kJ
-562.0kJ

-603.2kJ

L~ -1124



Using the following equations: 10N S oladdl Laaasii

CoHyq) + 30y ——» 2C0Oyq + 2H,0p . AH=-1411.1kJ X\
Hyg + %02(9, ——HO, . AH--2858kJ A )

CiHegy + ; Oug ——» 2COsq+ 3H,0p . AH =~ 1560.7k X = |

What is the change in enthalpy AH of the reaction f(kJ) Baags bl Jelill AHG)hal siad o o) lsie e
below, in units (kJ)?

CzH«g) + Hz(g) — CzHo(g) ' AH=17

1362 -~
+153.5
+175.4

-215.3



Using Hess's law and the changes in enthalpy for the ol cele il g ol all (g dadl & Sl padlly e (98 Laatd

following two reactions:

3 1
2A +5C; = AzCy AH = —1874k] X\
> 2
2B +5C; = B2G3 AH = —285k] X-|
What is AH for the following reaction? T A Jelitll AH A
2A+B2C3 - 2B+A2C3 AH =?
—2159 KkJ (@
—1222 KJ o
—— —1589 KJ o
+2159 KJ o
Using thermochemical equations, I,1l and Il below, <ol g 11 51 yhall Asluesll e aleall Ladnes
What is the AH® value for the following reaction? f A Joll AH® i L

ClF) + Fyiq) > ClF3)  AH' =2

I 20Fy ) — Oy + 2Py AH =-499K X %
| 2CIF, + 0y — €0, + OFy AH = +205.6 k] x ).

1 3 e
ClF; ) + O3¢5 — ECIZO(E) +§0th5) AH =+266.7 k] X 1

T
e

a

-188 kJ
+422 kJ

+394 kJ

l/. -139 kJ



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

CHygq) + 2_02(9) —’()02(9)"’ 2H0p , A Heoms = —891 kJ

—— % p————_

COyg) -394 kJ/mol

H20(|) "'286 kJ / mol
Using standard enthalpies of formation below, ¢ oLl Aaldl) 000 Byl ad Lariieis
what is the AH,y, Value for the following reaction ? £ o Jelill AHpyp dad b

-1
2ZnS() + 30, — 2Zn0(g) + 2805, nM = -

50;(g) ZnOy ZnS substance 3.l
-296.8 -348.3 -206.0 (ki/mol) AH,

aw o= (X -ub LA 2 A ~24438) — (2X-206 +°)

4372 F3

What is the standard enthalpy (heat) of formation AH ¢ 803 Call AHp Gl 036l 5n Le
for S0, compound? \’e\e-unl \ @ Wment

25(s) + 30,(g) — 250s(g) AH = —792 kJ

P —

1
P
>
I
0

iy TR



Using the values of standard enthalpies(heat) of formation AHpyp e Lo colial Zauslidl) (oSl Blya o Ladiioss

below, what is the AH:_,m value for the following reaction? ¢ ul Jelist

CyH,,0,(s) + 60, (&) - 6CO,(g) + 6H,0()

——
CGleos(s) H20(|) Coz(g) substance 3l
-1273.3 -285.8 -393.5 (kJ/mol) AH;

A = (éx-1u-s € ~2%5.3) - (-12123 )

2802.5 FJ/me)

PRACTICE Problems Extra Practice Page 986 and glencoe.com

34.

35.

- 36.

37.

Show how the sum of enthalpy of formation equations produces each of the following We 0y = — 1q |1
reactions. You do not need to look up and include AH values. AWE b

a. 2NO(g) + 0(g) — 2NO,(g) sug wao = ~286
b. S04(g) + H,0(1) — H;S04(aq)

Use standard enthalpies of formation from Table R-11 on page 975 to calculate AH 5,
for the following reaction.

4NHs(g) + 70,(g) — 4NO,(g) + 6H.00) . 4
Determine AH 2., for butanoic acid, CsH;COOH(I) + 50,(g) — 4C0,(g) + 4H,0(). AW =272

Use data in Table R-11 on page 975 and the following equation.
s _— SW— (yx -39 Y +~m—z€g)_(_s‘_?‘1)
4C(s) + 4H,(g) + 0,(g) — 03H7COOH(|) AH = —534 kJ

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

dioxide: NO(g) + —Oz(g) — NO(g) AHS, —L581 K XY
a. —Nz(g) + —Og(g) - NO(g) AH? =913k y)

b. IN,(g) + 0u(g) — NO,(g) AHS = 2 @ . .
What is AH? for Equation b? N M~ d e X

_2 18683



Regarding the chemical equations | and 2, e b lae 02 1 5ARAD Saliaddy 3l Lyd
which of the following is comrect?

2Fe,04(s) — 4Fe(s) + 30,(g) AH=1625kJ |
4Fe(s) + 30,(g) — 2Fe,04(s) AH=-1625kJ | ?
Both equations represent nonspontaneous process SEh e Sl B oallad) NS
Both equations represent spontaneous process W—r\\h‘.ﬁuwx

Equation number | represent spontaneous process and  Aab b dde B2 M) Albladly ASED Al 25 | M) Aslad))
equation number 2 represent nonspontaneous process

Equation number | represent nonspontaneous process  ASul idee B 2 M Alsledlly 8D i Ades S ] Ay Aslad)

e and equation number 2 represent spontaneous process
In which of the following cases does the random Slagaan] (aoiV) Allgall 3Sad) Jlaj 300N YL $ ¢
molion (enilopy) of the particles of the substance faaldl
increases? — 20,l
ZCO(Q) + 02(9) —l ZCOZ(Q) @ 1
HClg — » HCli) & 2
2503(9) —_— 2502(9) + 02(9) 6) 4
2m? \ 2 Moy \
1, 2 together W2yl
1 only daid |
3, 4 together (/‘ hed 43
3 only La3
In which of the following processes a decrease QD oy 3 et iay 300 Sdedd 3
in entropy of the system occurs?
Boiling of water elall Slde
Dissolving sodium chloride in water eladl 2 agsgeall 2 iyl

Freezing of water ,_~ elall saa3




¢ AS 5 kil sl (e ¥ AN cdeUal Ga ol A

In which of the following reactions , the sign of AS cannot be predicted ?

A. -
NaCl(,) - Na(*aq) + Cl(aq)

B. 0y = 0329

C. 25044 - 250;(g) + O3q)
Fe(s) + Zn{aq) = Fefaoy + Zngs

In which of the following cases does the random Slasad (29 8Y1) dblsdall AS5ad 2la3 436N SV I P
motion (entropy) of the particles of the substance et
increases? =
COz) —* COzeq) 1
2N02(°) —— N;O,, 9) 2
KNOssy —» K'(aq) + NO3 (aq) 3 |//
CH3O0H(s) — CH3OH(D 4 1
For a process AHytem = —160 K] AHgygtem = —160 K] <ilS 1Y) disna ddee
and ASygem = —400 /K at25°C+241 =298 K 25°C 55 da e AS g = —400 /K 5
) loop, ¢ u'L‘ -
Which of the following is correct? ‘O i A

Reaction Spontaneity e lall 4l AGsystem

spontaneous it -279.2kJ | A
spontaneous ik -40.8 kJ B4g—
nonspontaneous ik 11760 kJ | C

nonspontaneous Jib e 150 kJ D




For a process ,if you are given the information below. ol ileglaadl cudaof 13) (le Ailes o

AH = —27.6 kJ + AS = —55. 2 J/K s T= S35 K
— —
Which of the data in the following table is correct? \00 o Tiasaa AN Jgaall L8 3300 Ul e ol

AG Aslandl AslAD
Fpees Process spontaneity

A +1.93 kJ b~ nonspontaneous aslab s
B -1.93 kJ spontaneous Asan

Cc +75.1 kJ nonspontaneous asab .
D — 751 kKJ spontaneous Aaslan

8=l aslbll jus wlw> Calculating free energy change

What is the 46, ..., value of the following process? A Llall AG -~ il
DSuystem S195J/K  « AHj ., =145k] and T=293k? NS, =195)/K 5 AH,, =145k s T=293k

a. +87.9kJ e O
b. -5.7% 10* kJ O
c -4.25x 10* kJ O
d. +152.5 kJ O

T=25c’= M9R K€

Copper (ll) sulfide reacts with oxygen under standard Al cagyla 3 G g (1) elail) 258 e Ly
conditions to form copper (ll)sulfate as shown in the Lolial alealt RN (1) Galaadll Sl € il
equation below. Which of the following is correct? frina “‘JL, las 5!
- ‘f
CuSys) + 2055 —» CuSOy ~8.1 . 19% X =3

\
AHO= ~718.3kJ , AS% = ~368.0J/K s

(Rl st ] 280) e
Pr o AG? (kJ)
ocess (Spontaneous / Non—Spontaneous)
Nonspontaneous ailih e +727.5 A
Spontaneous isik 1" —609.0 B
Nonspontaneous iilit & +571.8 C
Spontaneous aulak -571.8 D




Which of the following reactions would you expect to be FADE 3 a8 8 LA (0% O a8 55 A0S e ) s
spontaneous at high temperature? (2l Jpiad) puiin)
(Use the table below)
~ s S ~ slways sp — Lt Wuode |+ =
- - ~or+ Spontaneous at lower temperature | AL A s S | Al Joage | — -
> 1o orr P 21 bigher temp e A A ey |+ +
+ = | owen+ never spontaneous | s O W e | - +
A. PCly )+ Cly D PClyyy  AH°=-87.9Kk
B. 2NHyg > Ny #3Hyg  OH =+922k) "
C. 2C0y + 0y > 2C0y, OH =-566.0 k)
D. H,0() + %0y > H:0zyy  OH =+1055k

Which of the following reactions would you expect to

T SE 05 O a0 Al COS ) O 51

be always spontaneous? rolicf Jyaad psiza)
(Use the table below) f
- + always — lways sp Laila Ll il e + =
= = —or+ Spontaneous at lower temperature | TBiALa T chagd ) oI35 | o P e | — =
: + ;ort’ P at higher temperature 408 Bl Sla s A S | Gl g caage . +
= always never spontaneous | Tais LAAE 48 Wl aadih | — ¥
amel \me\
A. PCls (g +Cl; () => PCls g AH° =-879k1 . AS= -
B. 2NH3(g) 2> N2 () +3 Hy g AH =+92.2 kJ
e~ (‘::3(2;@)-)3,01(9\) AH® =-427.0kJ - mL = By ¢ N W= — 'XG‘ 2. el
D. H,0 @ +%0;2(9 > H0;q AH=+1055k
A SO A HO - 1€ 14
If As system| = 975 J § AH sy _7.85 kJ AHPO‘-_; 7.85 kJ " As:’-: 97.5 J/K UK |.\!

for a reaction, what is the lowest temperature in kelvins

(K) at which the reaction would be spontaneous?

Waie 5% G (K) OASI, B dass B La ola Jelild

A G AR - TAL ekt Jelal)
81.0K
< = 8\ K
94.3 K -'
87.6 K

T >8



