1./ Burning fuels is an exothermic reaction. What is meant by the term exothermic?
A. Agasis produced.
Energy is released.
C. Heatis absorbed.

D. The mass of the fuel decreases.

2/ Which statement about chemical reactions is correct?
Endothermic reactions show a temperature decrease because energy is absorbed from the
surroundings.
B. Endothermic reactions show a temperature increase because energy is released into the
surroundings.
C. Exothermic reactions show a temperature increase because energy is absorbed from the
surroundings.
D. Exothermic reactions show a temperature decrease because energy is released into the
surroundings.
)
" 3. ' Group | metals react vigorously with water and release heat. Which statement about this
"/ reaction is correct?
€Rﬂ\a'm ch e , Nj
A. The reaction is endothermic and thewan_gi s negative.
B. The reaction is endothermic and the energy change is positive.

@ The reaction is exothermic and the energy change is negative.

D. The reaction is exothermic and the energy change is positive.

CORRECTION




AN
@)Plant cells use energy from sunlight for photosynthesis.

Which row describes and explains the energy change that occurs?

nerg;)ir?;nge explanation
e

endothermic / less energ,/ s released making bonds than is absorbed tq break bon

endothermic\/ more energy is released making bonds than is absorbe tq break b

exothermic less energy is released making bonds than is absorbed to break p,
Ond

O O w(>»

exothermic more energy is released making bonds than is absorbed to break p,
Ondg

5 Information about two reactions is given.
K The neutralisation reaction between citric acid and sodium hydrogencarbonate js

endothermic.

» The displacement reaction between magnesium and carbon dioxide is exothermic.
Which statements about the two reactions are correct?

1 The energy of the products formed in the neutralisation reaction is greater than the energy

of the reactants. _[\" \/

2 The energy of magnesium and carbon dioxide is greater than the energy of magnesjum

oxide and carbon. J\__

3 In an exothermic reaction, the energy required to break the bonds is greater than the
| energy released when the new bonds are formed. 7<

A. 1,2and3

1and 2 only

C. 1and3only

D. 2and 3 only
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6./ The diagram shows a match.

By striking the match, a chemical reaction takes place. Which row describes the chemical
reaction?
| type of reaction reason
T endothermic because energy is given out as the match burns
B endothermic because energy is used to strike the match
@ exothermic / because energy is given out as the match burns \/
_9__ exothermic because energy is used to strike the match

@ Equal volumes and concentrations of dilute hydrochloric acid and aqueous sodium hydroxide

are mixed. The temperatures of the solutions are shown.

solution temperature/°C
dilute hydrochloric acid 26
aqueous sodium hydroxide 26
mixture of dilute hydrochloric acid and 33
aqueous sodium hydroxide

Which statement describes the reaction?

@ Energy is relea§7d and the products have less energy than the reactaots.
B. Energyis releaé}aé and the products have more energy than the reactants.
C. Energy is absorbed and the products have less energy than the reactants.

D. Energy is absorbed and the products have more energy than the reactants.

CORRECTION




8.! Dissolving ammonium chloride in water is an endothermic change.

Which row shows the energy change and temperature change of the mixture during the

dissolving of ammonium chloride?

energy change

temperature change

energy is absorbed

@ energy is absorbed
B
(o energy is released
D

energy is released

decrease v
increase
decrease \/

increase

The ammonium nitrate dissolves and, after one minute, the temperature of the solution is

105G

10 g of ammonium nitrate is added to water at 25 °C and the mixture stirred.

Which word describes this change?

@endothermic

B. exothermic
C. neutralisation

D. reduction
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10./The temperature of the water in two beakers, X and Y, is measured as 21.5 °C.

5 g of sodium chloride is diss

Vo oerdo

solved in the water in beaker Y. The temperature changes to 29.4 °C.

OND

18.0 °C.

5 g of calcium oxide is dis

Which types of process are occurring in beakers X and Y?

X Yo
A | endothermic endothermic
endothermic exothermic
Cc exothermic endothermic
D exothermic exothermic

energy

energy

progress of reaction

olved in the water in beaker X. The temperature changes to

veachion path ey Arprom

11. Which diagram is a correctly labelled energy level diagram for an endothermic reaction?

energy

v

energy

B

overall

energy

nge activation

energy

_______________

overall

energy
change

products

progress of reaction

1\
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12. Which row describes an endothermic reaction?

energy level diagram

energy transfer

4

energy ‘/\V

progress of reaction

energy is transferred
from the surroundings
to the reaction

=)

%

energy

o

progress of reaction

energy is transferred
from the surroundings
to the reaction /

progress of reaction

energy is transferred
from the reaction
to the surroundings

progress of reaction

energy is transferred
from the reaction
to the surroundings

CORRECTION
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13. An energy level diagram for a reaction is shown.

4

energy

reactants

products

progress of reaction

Which statement about the reaction is correct?

A. Heat is released.

B. Itis a combustion reaction.

@ It is an endothermic reaction.

D. The temperature increases.

14. Which row describes the energy level diagram and energy change in an exothermic reaction?

energy level diagram energy is
A reactants higher than products absorbed
@ reactants higher than products released /
C reactants lower than products absorbed
D reactants lower than products released v/

CORRECTION




15. The equation for the formation of ammonia is shown.

N2 + 3H, — 2NH3

The energy level diagram for the reaction is shown.

i
activation
energy
= +250kJ/mol total energy
i released
energy T S gl = -342kJ/mol

energy
change ‘ 2NH,
progress of reaction

What is the energy change for the reaction?
A. =592 kJ / mol

-92kJ/mol

C. +92kJ/mol
D. +592 kJ / mol

CORRECTION




16. An energy level diagram for a reaction is shown.

)

energy

el

progress of reaction

Which statement and explanation about this reaction are correct?

statement explanation

the reaction is endothermic the products have more energy than the reactants
B the reaction is endothermic the products have less energy than the reactants
the reaction is exothermic /' | the products have more energy than the reactants

R £ :
! D> the reaction is exothermic V] the products have less energy than the reactants V/

17. Which statements about endothermic reactions are correct?

1

2

3

4
A. 1and 3 only
1and 4 only
C. 2and3only
D. 2and 4 only

The energy of the products is greater than the energy of the reactants. /
The energy of the reactants is greater than the energy of the products. )(
The temperature of the surroundings increases during the reaction. )(

The temperature of the surroundings decreases during the reaction. /

CORRECTION
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: tion is shown.
18. Hydrogen bromide decomposes to form hydrogen and bromine. IHIEEG

2HBr(g) — Ha(g) + Bra(e) B bond energy

The bond energies are shown in the table. The reaction is bond in kd/mol
endothermic. Br-Br +193
What is the energy change for the reaction? H-Br +366

A, +263k)/mol H-H +436
B. /+103kJ/mol 7’)436()'(*5&—‘ l%:,f(p}
C. -103kJ/mol
D. -263kJ/mol

19. Ethene reacts with hydrogen. p 4 7‘(7& blo f *SLJ_- S S:);\:(OXL

The equation is shown. "Z, 5 LA\ < H-H —%%E";
T =@ H= Gt (Cﬂ) bond energy
The bond energies are shown in the table. The reaction is bond in kJ/mol
exothermic. c-C +350
What is the energy change for the reaction? C=C +610
A. A-560 kl/mol C-H +410

@ ~124 kJ/mol H-H +436

T. +486 kJ/mol

D. +5496 kJ/mol

CORRECTION




20. The energy level diagram for the reaction between X, and Y, to form XY gas is shown.

A

XA(9) + Y,(g)

energy

2XY(9)

progress of reaction

Which statement is correct?

A. Energy iswhen Xz and Y, bonds are broken.

B. Energy is needed to form XY bonds. >(
@The energy change, AH, for the reaction is negative. /

D. The reaction is endothermic. 7(

21. Methane burns in oxygen to form carbon dioxide and water.

CHs +20; — CO; + 2H,0 =
bond o K Je/ner?y
The bond energies are shown in the table. In kJ/mo
What is the energy change for the reaction? CH +410
@—818 kJ/mol =0 +805
B. —323 kJ/mol O-H +460
C. +323 kJ/mol H 05 0
J
D. +818 kJ/mol H_C’__H ) 0 =0 S 0=C = 0l - D=
H

x40+ 2346~ 2 Bor- 4y 4bo =

CORRECTION
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22. Hydrogen peroxide, H-O-O-H, decomposes to form water and oxygen.

2H,0,(g) — 2H20(g) + O2(g) bond energy
— bond in kdJ/mol
The bond energies are shown in the table. The reaction s
O-H +460
exothermic.
. 0-0 +150
What is the energy change for the reaction?
0=0 +496
A. -346kl/mol
Q-l%k]/mo! ) H-o-0sH ~SHEH=0 “H10'=>
C. +196kl/fnol @(H-D)-f}x(o—o) £ 2;_(H~o) + (020)
D. +346kJ/mol Uy tho + LX (52 = Yy ¢ho — wfé
3.0 -¥b 414
23. Ethene burns in oxygen to form carbon dioxide and water vapour.
S
ey MBI S Z08CR0 + 20 : bond energy
H H bon in kJ/mol
The bond energies are shown in the table. C= +610
What is the energy change for the reaction? C-H +410

A. -2959 kJ/moI/ 0= +497
B. -zsiyAm Cc= +805
/c\-1318'ki/mol O-H +460

b/§99 kJ/mol

blo + ioxy ﬁswf]«w Pos- U x ¢lo
= 31¢l= oo

"

CORRECTION




produce ammonia.

en reacts with hydrogen to

N, + 3H2 — 2NHs3

24. Nitrog

The reaction is exot

table.

What is the energy change for this reaction?

_ ~1473 kJ/mol

A
/@ —g7k)/mol
D&

c. 87klJ/mo

D. 1473’kJ/mol

75. Two elements, X and Y, react together to form a coval

exothermic.
Xa(g) + Ya(g) = 2XY(g)

The bond energies are shown in the table.
What is the energy change for the reaction?
A. +184k}/mol
B. —184kl/mol

| 9247k.l/mol

' D. —247k/mol

hermic. The bond energies are shown in the

bond | Tl
N=N 945
H-H 436

| N-H 390

fes+3 3= bxye

2185 -2 }¥o
= -%7

ent molecule as shown. The reaction is

ik
X=X 436
Y-Y 242
X=Y 431

Gwih + 2¢d-G2f X2

= 29X
/,

= -84

CORRECTION




UXYEEN 10 Torm carbon dioxide and water.,

CHe(g) + 20,(g) — COs(g) + 2H,0())

bond energy

\ . in kJ/mol

The bond energies are shown in the table. —
410

360
What is the energy change for this reaction?

/} 818kJ | o
\ /e 460
- =102kJ/mol

146
. +102kJ/mol
il
. +818kJ/mol

27. Hydrogen reacts with chlorine according to the following equation.

Ha(g) + Cl2(g) — 2HCl(g)

The reaction is exothermic.
Which statement about this reaction is correct?

A._Energy absorbed for bond breaking is greater than the energy released in bond making.

\B_}nergy absorbed for bond breaking is less than the energy released in bond making.

C. Energy released in bond br;aking is greater than the energy absorbed in bond making.
D. Energy released in bond b

eaking is less than the energy absorbed in bond making.

CORRECTION




A student investigated the tempe

dissolved in water.

Two experiments wereé done.

Experiment 1
Using a measuring cylinder, 40 ¢
erature of the distilled water wa

d to the polystyrene cup and them

[ ]
s measured.

initial temp
e 3gofsolid Cwas adde

thermometer. The temperature O

e The procedure was repeated using 4 8 of solid C.

e The procedure was repeated using 6 8 of solid C.

(a) Use the thermometer diagrams to

Calculate and record the temperature changei

rature changes when two different solids,

m? of distilled water was poured into a poly

f the solution was measured after 1 minute.

record the results in the table.

15

solid C and solid D,

styrene cup. The

ixture was stirred with a

n each case, including whether the

temperature increased (+) or decreased (). /
} initial
| mass of theqnometer temperature thermometer tetr:gzzﬁgre o temperature
‘ | solidC/g | diagram of the distilled diagram g e i change/°C
% | Wsterrec after 1 min/°C
i —
‘ 30 —20
3 25 2| 15 8 =3
| 120 10
; 30 420
4 25 -
2) E15 Q 7 2
1120 10 'y
:T*
30 20
6 25
15
2 N b
20 10

CORRECTION




Experiment 2

e Experiment 1 was repeated but using3g 48 6gand8g of solid D.

(b) Use the thermometer diagrams to record the results in the table.

Calculate and record the temperature change in each case, including whether the
temperature increased (+) or decreased (). |
- initial
ture of
mass of | thermometer temperature thermometer tet?gzz:uléion temperatl;xre
solid D/g | diagram of waet ;i/ssiged diagram afard min/C change/°C
30 +430
3 25 S0l {25 ok +4
20 -120
30 —30
Jrageid 25 ;
| 22 szs ] +&
1‘ 20 190
30 430
6 125 E
] D% ' 525 lj -+ 9
1320 120
30 40
Lo 425 135
E 2L Ui 5 + 1
| H20 -130

CORRECTION
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(c) Plot the results for Experiments 1 and 2 on the grid. The (0,0) point has been plotted for you.
Draw two straight lines of best fit. 7

Clearly label your graphs.
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(d) Use your graph to estimate the temperature change after 1 minute if 8 g of solid C were

added to 40 cm? of distilled water. =
Show clearly on the grid how you worked out your answer.

(e) What type of energy change occurs when solid D dissolves in water?

@I\OJYLQ( miC

(f) Suggest the temperature of the solution containing 8 g of solid D if the solution were left for

2 hours. Explain your answer.
ReIny Yoom +em1;ef e 2

l\a&‘r b e SWOM\BS

CORRECTION
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(g) How would the temperature changes measured after 1 minute differ if the experiments

were repeated using 80 cm? instead of 40 cm3 of distilled water in each case?

el

(h) Suggest one change you could make to the experiments to obtain more accurate results.

Explain how this change would make the results more accurate. 1

yse pieette_

(i) Suggest how the reliability of the results could be checked.

Wf’eaf “periment” /s

CORRECTION
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29. A student investigated how the temperature changed when aqueous sodium hydroxide reacted

with solutions of two different acids, acid R and acid S.

Two experiments were done.

Experiment 1

A measuring cylinder was used to pour 50 cm? of aqueous sodium hydroxide into a
polystyrene cup. The temperature of the solution was measured.

A burette was filled up to the 0.0 cm? mark with acid R.

5.0 cm? of acid R was added to the aqueous sodium hydroxide in the polystyrene cup and
the solution stirred.

The highest temperature of the solution was measured.

A further 5.0 cm? of acid R was added to the polystyrene cup and the solution was stirred.
The highest temperature of the solution was measured.

Further 5.0 cm® portions of acid R were added to the polystyrene cup until a total volume of

whad been added. The highest temperature of the solution was measured

after each addition.

(Questions are on the following pages)

CORRECTION




(a) Use the thermometer diagrams to record the results in the table.

volume of acid R
added/cm?®

thermometer
diagram

highest temperature
of the solution/°C

0.0

30
25
20

2|

5.0

30
20

25

10.0

30

25
20

25

15.0

30
25
20

20.0

25
20

250

40
35

|
H30
|
|

30

3]

30.0

430

3D

35.0

40.0

20

CORRECTION
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(b) Plot the results for Experiment 1 on the grid and draw two intersecting straight line graphs.
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0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0

volume of acid R added/cm?®

Experiment 2

o The burette was rinsed with distilled water and then with acid S.

e Experiment 1 was repeated but using acid S instead of acid R.

CORRECTION




(c) Use the thermometer diagrams to record the results in the table.

VO

lume of acid S thermometer highest temperature
added/cm? diagram of the solution/°C
30
0.0 25 2‘
20
430
50 125 2 Jo
i 20
40
100 35 3
i-130
40
15.0 }35 3L
| 430
{ 40
20.0 ]35 2 ]
; 8430
! 30
; 25
250 } 30
20
30
30.0 E% :ﬁ
20
30
35.0 125 RS
20
30
40.0 }25 l‘l
20

22
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(d) Plot the results for Experiment 2 on the grid and draw two intersecting straight line graphs.

40 — ‘
REE) , ! { - “ i 4-«:
i EREE N - A BEEEn t
SHER A 3 ! [ B + AT } 1 1+ ‘ ! + i
£ 3+ j eea e RAAARAREREE aEn SEEEAR
= - | 1 MR 0 FAR | l‘ Ll 1 4]
o 1 1 - - — 4
= . 4 4 nEpraus 11 JEtE I ;l I
=) T T : : :
° o A T e e EEEEEE AR
0 4 | 14 )( WEE 1 = =E AR 1 FELLY 2 |
2 30+ L B o LA I
5 A P i H dodiddfd 3 ":NW 4 i
u— 1 i i T IEERRL ! .
S) NN R M W ]
o 1 1 1
s i i T
E HEE] 1 1 AT il
g 264— L =
£ ERE [/; A E i g 1 £ 1 |
- ]
3
.a )_H'__‘ Tt I
= 20 . BEEEEE
= IEENE NN NN N ENEREEEEER T i wa
e e SIS Y 1.3 11 vl e =
S EEE S ENE NS AN ) ENEEE S ' HEEa!
. | H EEEEEEEES
15 T ‘ I : i
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0

volume of acid $ added/cm®
(e) Use your graph to estimate the volume of acid S which must be added to neutralise
of aqueous sodium hydroxide.
(i) Show clearly on the grid how you worked out your answer. ! [. §om?
(i) Suggest how the volume in (e)(i) would differ if the experiment were repeated using

25 cm? instead of 50 cm? of aqueous sodium hydroxide.

Explain your answer. kal-F volume oﬂ» ad()‘

+ha  omount o{ NaOH s hadved

CORRECTION
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(f) What type of energy change occurs when acid S reacts with agueous sodium hydroxide?

2xothermic

(g) (i) In Experiment 2, why was the burette rinsed with distilled water?

+o remove \W\\)wr:h'es

(ii) Why was the burette then rinsed with acid S?

Fo  remoye  drmees 0‘€ wate(

(h) Describe one source of error in Experiment 2. Suggest an improvement to reduce this source
of error.

Hest (oss
Use insulated Cuh with lid

CORRECTION




A student investigated the temperature changes when two different metals, zinc and

magnesium, reacted with aqueous copper(ll) sulfate.

Three experiments were done.

Experiment 1

A measuring cylinder was used to pour 25 cm? aqueous copper(ll) sulfate into a polystyrene

cup.

The initial temperature of the solution was measured and the timer was started.

The temperature of the solution was measured at 30 seconds and at 60 seconds.

At 60 seconds, 5 g of zinc powder was added to the aqueous copper(ll) sulfate. The mixture

was stirred with a thermometer.

The temperature of the mixture was measured every 30 seconds for 210 seconds. The

mixture was stirred continuously.

(a) Use the thermometer diagrams to record the temperatures in the table.

time/s 0 30 60 90 120 150 180 210

30 30 30 50 50 50 50 50

L [Eis [Hizs %25 [E‘ts [Ew [H}ts %45 w}s
diagram

0 20 20 40 40 40 40 40

temperature of ,

st PO L e il SO al L ac sy

Experiment 2

Experiment 1 was repeated using 5 g of magnesium powder instead of zinc powder.

(b) Use the thermometer diagrams to record the temperatures in the table.

time/s 0 30 60 90 120 150 180 210
30 30 30 60 80
thermometer b5 25 o5 i B )
et 55 75 75 75 75
0 20 20 50 70 70 70 70
temperature of
mixture/°C | 2| = l—[ 5 ] 19 i T
CORRECTION
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Experiment 3

* Experiment 1 was repeated using 5 g of zinc granules instead of zinc powder.

(c) Use the thermometer diagrams to record the temperatures in the table.

_\
time/s 0 30 60 90 120 150 180 210
'—\.

——

30 30 30 30 30 30 30 30

mc-:’qnometer bE o 5k [H%zs = h e o6
iagram :

; 20 20 20 20 20 20 20 2
temperature of 5 6 17 3 8’ 27 /

mue/)c | 23 | 23 | 23| 25
(d) Plot the results for Experiments 1-3 on the grid and draw three smooth line graphs.

Clearly label your lines.

80 7 ma ey =H JE
P ] H Y
= SERaEmasaz SEERRSERasis : @Wmmi'l
aesmam SSERaERA EAnEREy 4 e ‘
70 : : — HHEH
! 7
: : |
t " I
t il - 1T
60 t t
EEEEEIEE LR —F ‘ o
: . / H
lemperat R of. HEF i e Hh SEX experniment |
mixture/°C (PR niios i S | FEERiEEEs
40 AR ’:' I/" ] i T
: A 7
44444 HHA 7
,14 I AW A i |
30 : T i u s sznw&B
e sten : i
S3amiiasg saissansad i ]
20 ‘ T T = ‘
- s e
1 + s
10 mma ,
! i :
: ] : :
g 0. 30 60 90 120 150 180 210
time/s
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(e) From your graph, deduce the temperature of the mixture in Experiment 2 after 75 seconds.

Show clearly on the grid how you worked out your answer. 2.
45°C
(f) From the results, which Experiment was the most exothermic? Explain your answer.
2

Qxyeri ment L

Yhe. lu‘Jkur Yempelpuce TRCPeAse

(g) Predict the temperature of the mixture in Experiment 2 after 2 hours. Explain your answer

froom Wamma 2

(h) When doing the experiments, what would be the advantage of taking the temperature

3
A Swwo-fl@(‘ ﬁmf)‘\

readings every 15 seconds? , 2
Mmore V‘Qar){l

(i) Explain why a copper can should not be used in place of the polystyrene cup in these

experiments.

Coprer 5 A 6<rod( Hhomal  condutdor, [

CORRECTION
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<% A student investigated the temperature changes when two different solids, N and O, dissolve in
Wwater.
Two experiments were done.
Experiment 1
* Using a measuring cylinder, 30 cm? of distilled water was poured into a polystyrene cup.
* The initial temperature of the distilled water was measured.
* Solid N was added to the distilled water, a timer started and the mixture was stirred with a
stirring thermometer.
The temperature of the mixture was measured every 30 seconds for three minutes (180

seconds).

() Use the thermometer diagrams to record the temperatures in the table.

time/s 0 30 60 90 120 150 180
25 25 25 30 30 30 30
| thermometer 05
‘ 25 25
15 15 15 20 20 20 20
temperature of ‘i = > P
mixture/°C | 22 | 24 2 26 2] ] b I
Experiment 2

Experiment 1 was repeated using a new polystyrene cup and solid O instead of solid N.

(b) Use the thermometer diagrams to record the temperatures in the table.

time/s Dy, 530 60 90 120 150 180

i 30r 20 20 20 10 10 20
== [ 16 16 I I 1| -
P | 20} 10 10 10 0 0 10
temperature of : | o :
mixture/°C 2 I 1S (> | lo ‘

CORRECTION




(c) Plot the results for Experiments 1 and 2 on the grid. Draw two smooth line graphs.

Clearly label your graphs.

30T
O A e L—
"::;.:: ch,
temperature
of mixture
/°C
Jy =2z s e
o 1% 30 60 90 120 150 180 210 240
time/s
(d) (i) From your graph, deduce the time taken for the initial temperature of the solution in
Experiment 2 to change by 3 °C.
Show clearly on the grid how you worked out your answer. >
IS
(ii) Extend your graph for Experiment 1 to give the expected temperature of the mixture
after 240 seconds.
~N
D) 2@ <
N < [}

CORRECTION
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(€) Is the energy change in Experiment 2 exothermic or endothermic? Explain your answer,

endotermiz
Tenyeradire dectenses.

(f) State two possible sources of error in these experiments. Suggest two improvements to

reduce each of these sources of error.

l\e_at loss + the SWW&(TS
i insleted wp with A

"\”‘f'f viise yolume (é] MMZP (7//)&0/5/

use /)I)U@da S measure Volsod

CORRECTION




32. When solid Cand solid D separately react with dilute hydrochloric acid, one reaction is

exothermic and one reaction is endothermic. Plan an investigation to determine:
» which reaction is exothermic and which reaction is endothermic

» which energy change is greater.

You are provided with solid C and solid D, dilute hydrochloric acid and common laboratory

apparatus.
;\k%‘u‘e\( velame % Ai'w)‘@ l:\_tf‘(‘a(,l\lof"L aud

Use of switable  confopne( (gd Jut-ube / begke; /fiﬂsk/P)m‘c ah)
it Ttﬂ)ef“*‘*m m‘F eid
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F'n\r( kz.a\, ,.G mcce /C al Cu\c\ie 1emfmhre Cl\mj’e_
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34. The chemical equation can be represented as shown.

2 H—N—H + 3 CI—CI —> N=N + 6 H—CI
H
Use the bond energies in the table to determine the energy change, AH, for the reaction

between ammonia and chlorine.

| e
N-H 390
CI-Cl 240
N=N 945
H-Cl 430

(a) energy needed to break bonds

bX390 + 3 x 2%0 = 5ko

(b) energy released when bonds are formed

s + bx 4o =hsrc

(c) energy change, AH, for the reaction between ammonia and chlorine

ar|=3-be- 525 = =460 k] /mo]

(d) Is the reaction endothermic or exothermic? Explain your answer.

o oAhemic mja’n'ue value 06, aH.
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34
35. The equation for the complete combustion of ethanol is shown.

H H
H;{ig/#/)c':(,#o%rl + 30=0 - 20=C=0 + 3H—O—H

H H
Use the bond energies in the table to calculate the energy change, in kJ / mol, for the complete

combustion of ethanol.

i || Aty
c-C 347
C-H 413
C-0 358
C=0 805
O-H 464
0=0 498

ng(R€abfm{'&) :L—X(C’H/P-f— {6—0)1 ([—o) + /0—7)4})(/0:0)

‘/§Wl}+2+7+ ISFT ceéq + Ix 4/;7,?

= U’)LS’

ifé‘E(W‘W(wds) = 2)(1\(((-‘—0) + 3)(1_)((’}-[-—0)
= §x poC + fx by
= {),,th

&H= €)1k - boop - —Hé@/»v/f
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35

36. Ammonia reacts with oxygen as shown.
4NHs(g) + 50,(g) > 4NO(g) + 6H0(g)
4H—N—H + 50=0 5 4N=0 + 6 H—O—H
)

Use the bond energies in the table to calculate the energy change, in kJ/mol, which occurs

when one mole of@eacts.

bond N-H 0=0 N= O-H
bond energy in kJ/mol | 391 498 587 464

AIXINASXR = 4x 6] broxebY
= Ui s s
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37. Gaseous phosphorus(lll) chloride, PCls, reacts with gaseous chlorine to form gaseous

phosphorus(V) chloride, PCls.
PCls(g) + Clz(g) = PCls(g)

The chemical equation for this reaction can be represented as shown.

c <|:z
cl
Cl—P—CI + Cl—Cl = _ P—CI
cl
Cl

(a) Use the bond energies in the table to calculate the energy change, in kJ/mol, of the reaction.

bond bond energy in kJ/mol
P-Cl 326
Ci-Cl 243

515)(5* 1‘*5 - 22h XS = ~Y4o

(b) Deduce whether the energy change for this reaction is exothermic or endothermic. Explain

your answer. @\LO

kﬂjdive vidhe vﬁ/ A“\
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