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4 The reaction pathway diagram below illustrates the energies of reactants, products and the

An exothermic chemical reaction proceeds by two stages.
transition state of a reaction.

stage 1 stage 2
reactants ——— intermediate —— products
1 transition state
The activation energy of stage 1 is 50 kJ mol™. The overall enthalpy change of reaction is E1 """"""""
—100kJmol™.
Which diagram represents the reaction pathway for this reaction?
A B ®© D energy  ° | reactants
100+ 100 100+ 100 ~
754 754 754 754
504 504 501 50+ E3 e Y .
25+ 254 25+ 25+ products
0+ 04 0+ 04
254 reactants 254 reactants 254 reactants 254 reactants -
-50+ -50+ producs. =50+ -50 4 T reaction coordinate
-75 1 -75- =75 - -75 1
~100  products Gs Wi i e A0 _ Which expression represents the activation energy of the forward reaction?
progress progress progress progress
of reaction of reaction of reaction of reaction @ Ei-E: B E-E: C E:-E; D (Ei-E:)—(Ez-E3)

In the conversion of compound X into compound Z, it was found that the reaction proceeded by

way of compound Y, which could be isolated. The following steps were involved.
5 The diagram represents the reaction pathway for the following reaction.

X — Y ; AH, positive

Y — Z ; AH, negative
+X(g)—> Yg)+2Z
Which reaction profile fits these data? o) (9) (@) (9)
® 3 C D 1
4 4
Y
= Y = = ¥ =
2 o o z 2| X
B T | 5 [ @
b |x 3 /\ ® /\ 2 /\"f/\z
z = energy
progress of 3 progress of J progress of = progress of >
reaction reaction reaction reaction W+ X

48 The reaction pathway for a reversible reaction is shown below.

energy reaction pathway

/kJ mol™
What statement can be made about the reverse reaction, Y(g) + Z(g) — W(g) + X(q)?

@ It will have a larger activation energy and a positive AH.

Y

extent of reaction
B It will have a larger activation energy and a negative AH.

Which statement is correct?

(® The activation energy of the reverse reaction is +80 kJmol™". C It will have a smaller activation energy and a positive AH.

i i _| " i . i
B The enthalpy change for the forward reaction is +30 kJmol™. D It will have a smaller activation energy and a negative AH.
C The enthalpy change for the forward reaction is +50 kJ mol™".
D

The enthalpy change for the reverse reaction is +30kJmol™.
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1 For which equation is the enthalpy change correctly described as an enthalpy change of 40 The equation for a reaction is shown.
formation?
Hz(g) + 3 02(g) — H:0(l) ; AH=xkJ mol™’
A 2NO(g) — Nz(g) + Ox(g)
Which pair of descriptions is fully correct for this reaction?
B 2CO0O(g) + Oz(g) — 2C0O:(g)

t f enthal h I f
C  H,0() + NaCl(s) - NaCl(aq) ype(s) of enthalpy change value of x
A formation only positive
@ K(s) + Mn(s) + 20(g) — KMnO4(s)
B formation only negative
Cc combustion, formation positive
@ combustion, formation negative

16 Hydrazine, NzH,, is widely used as a rocket fuel because it reacts with oxygen as shown,
producing ‘environmentally friendly’ gases.

NzH,(l) + O — N + 2H.0 AH = -534 kJ mol™
2Ha() 2(9) 29) 20(9) 61 Which reaction has an enthalpy change equal to the standard enthalpy change of formation of

Despite its use as a rocket fuel, hydrazine does not burn spontaneously in oxygen. poarer
A 3C(g) + 4Hz(g) — CiHs(g)
B 3C(g) + 8H(g) — CsHs(g)
© 3C(s) + 4H(g) > CiHs(g)

D 3C(s) + 4Hz(g) — CsHs(l)

Which statement explains why hydrazine does not burn spontaneously?

A Hydrazine is a liquid.
The activation energy is too high.
C The N=N bond is very strong.

D The reaction is exothermic.

17 Skiers trapped by snowstorms use heat packs to keep warm. The heat may be generated by the
reaction below.
-1

4Fe(s) + 30:(g) — 2Fe;04(s) . AHO=-1648kJ . -28LH4K]J Mol
2FC.($) ‘\’\g OJ, (3) - FCJ—O£ (SX l

What is the standard enthalpy change of formation of iron(111) oxide?
A OkJmol™
® -824kJmol™
C -1648kJmol”
D -3296kJmol™
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50.0 cm? of 1.00 mol dm? hydrochloric acid was placed in a polystyrene cup \ {ene CQE
and its temperature was found to be 21.5 °C. a 6

)
SD.S&mB of 1.00 mol dm? sodium hydroxide (at the same temperature) was \ )
added to the cup. (® > o U\'WO’V\J
The reaction mixture was stirred with the thermometer and the highest
temperature was found to be 28.0 °C.
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So

50'tcm® of 2.50 mol dm™ hydrochloric acid was placed in a polystyrene beaker of negligible heat

capacity. lts temperature was recorded and then g&cma of 2.50 mol dm™ NaOH at the same
temperature was quickly added, with stirring. The temperature rose by 17 °C.

The resulting solution may be considered to have a specific heat capacity of 4.2Jg K™

What is an approximate value for the molar enthalpy change of neutralisation of hydrochloric acid
and sodium hydroxide from this experiment?

A (80x4.2x17) | C‘Q:m&@

(0.050x2.5) - M° _ @w> CL\.)> . Q*?)

—(50x4.2x17) |

= (0.10x2.5) J mol AM - — |oo XL\,ZK \7 Y/\O/K

¢ (100x42x17) 25 %o xk”
(0.050x2.5)

@ -tiooxd2x17)
(50x2.5)

In a calorimetric experiment 1.60 g of a fuel is burnt. 45 % of the energy released is absorbed by
200 g of water whose temperature rises from 18 °C to 66 “C. The specific heat capacity of water is
42Jg'K.

What is the total energy released per gram of fuel burnt?

A 25200J 56 000J C 89600J D 143 360J

(= e 89 - (2 (5 2) () - Mo 320 R Y
s 8Uoe/ |6 & Shero 2 3o

A student mixed 25cm® of 0.10moldm™ sodium hydroxide solution with 25cm?® of 0.10moldm™
hydrochloric acid and noted a temperature rise of 2.5°C.

What is the enthalpy change of the reaction per mole of NaOH?

@ ~209kJmol™ 0. we rO

B -104.5kJmol” <o C”\-\% <2‘§>z <N.S
C —-209Jmol™ 9 Lo
D -522.5Jmol” NLO 0oa ﬂCD — N by

n N»OH z o.\% 2C x\l;)): Zg X(o))
AV szzsxgs/ ) Syig”
e 26N K el

55 A student carried out an experiment to determine the enthalpy change for the combustion of

methanol.
The following results were obtained by the student.
Q T M 69
= (DOX L‘\%V‘ (g%—)OB
= 1379 )
start temperature of the water 20°C
final temperature of the water 53°C
mass of alcohol burner before burning 259,659
mass of alcohol burner after burning 259.15¢g
mass of glass beaker plus water 150.00g
mass of glass beaker 50.00g

How much of the heat energy produced by the burning of methanol went into the water?

A 209J @ 13794J C 20691J D 22154J

56 A student mixed 25.0cm’® of 0.350moldm™ sodium hydroxide solution with 25.0cm’® of
0.350 moldm™ hydrochloric acid. The temperature rose by 2.50 °C. Assume that no heat was lost
to the surroundings.

The final mixture had a specific heat capacity of 4.20Jcm K™
What is the molar enthalpy change for the reaction?
A -150kJmol™
NoH 3 Bl — N s W O

—60.0 kJ mol™ 3 "
~30.0kJmol™ NS +2G %o A__<g_7< o
- 8 —73_ X]()’L

A - v hO
()2 2)(29) - 928

D -0.150kJmol™

A - s3>/ 975 )0
= "é" R/J- m~>] B
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6 Hydrazine reacts with oxygen according to the following equation. ® Alkanes such as methane, CH,, undergo few chemical reactions. Methane will, however,
react with chlorine but not with iodine.
N.H,(l) + O,(g) —> N,(g) + 2H,0(g)

Relevant standard enthalpy changes of formation for the reaction of methane with chlorine

(i) Use the data in the table to calculate the standard enthalpy change of this to form chloromethane, CH,CL, are given below.
reaction.
o -1
compound AH/kJ mol™! AHT/kJ mol
NLH,,(1) 50.6 CH, -75
H,O0(q) -241.8 CH,CI -82
AU, HCI -92
Nl lJ“\ + Q —_—> NL + 2 H)_O
NI %.C '\\I / AY . é‘ M) 8} ») (a) (i) Use the data to calculate AHT,, ;. for the formation of CH,CL
2 P :

]
- CH).CI + HCI1
N; +—2u2_ + O)_ 4 3

DY
CH, + CI,
AH 2 - So.C + (24-M18) < -51-2 AL
| ( A= ... i 53”9— ........... kJmol™ 11) = -7S A% = -82-92

(i) Although the above reaction is highly exothermic, hydrazine does not burn

spontaneously in oxygen. C _,.Zl—l + CJ
Suggest a reason for this. 2 2

/\Te,(m}mmk»akjko\%vﬂ\ewmew AM,. +7S +<-gz—°\z> _ _ aa KT

(iiiy Suggest why using hydrazine as a rocket fuel could be regarded as being
‘environmentally friendly’.

el gmﬁmr\mlfe&mmgv«}c(«w\ﬂj\wa



4 Urea, CO(NH,),, is a naturally occurring substance which can be hydrolysed with water
to form ammonia according to the following equation.

H,O(l) + CO(NH,),(ag) — CO,(aq) + 2NH,(aq)

The standard enthalpy changes of formation of water, urea, carbon dioxide and ammonia
(in aqueous solution) are given below.

compound AH; /kd mol-1
H,O(I) -287.0
CO(NH,),(aq) ~320.5
CO,(aq) —4145
NH,(aq) ~81.0

Use these data to calculate the standard enthalpy change for the hydrolysis of urea.

AU,
H,0() + CO(NH,),(ag) — CO,(aq) + 2NH,(aq)

A - - 267 Ao -liins 22 ()
- 32,8

+O+C N,

MY, - —/:\A B,
szﬂ_szo s) (H\Hq +z(—3\)>

AU+ KTl

14 Methanol, CH,OH, is considered to be a possible alternative to fossil fuels, particularly for use

in vehicles.

Methanol can be produced from fossil fuels and from agricultural waste. It can also be
synthesised from carbon dioxide and hydrogen.

(a) Define, with the aid of an equation which includes state symbols, the standard enthalpy
change of formation of carbon dioxide.

equation . C(‘ L“)') = O e C

q %12f: @)- D)

definition .. En&rj J a’ev{xsg o ,Je:{q\ozﬂ ( W\ sz CoNe - \,’s «ejc»bc,)
['-u\ I CO> (s N\,\,Qg‘_ p(om 64 Ler(\ MQ o&JJ

U“DWQ\’O’m&MCC’MQ‘hﬂ\A

(b) Relevant AH? values for the reaction that synthesises methanol are given in the table.

compound AH®/kJ mol
CO,(g) —394

CH,OH(g) —201
H,0(g) —242

(i) Use these values to calculate AH?%,,.., for this synthesis of methanol.

Include a sign in your answer.

l

CO,(g) + 3H2E§I} = CH,0H(g) + H,0(g)

AW = - 22k \\ / Al o - el=2%)

C+ 02—1—5]4,,

AI’L z _Au) ')L/S\-Ig - - L'Q(
_hq

AHE e B AT A, | 11 ok

reaction

(i) Suggest one possible environmental advantage of this reaction. Explain your
answer.

CC) aous % f&mo’*eg wLMfO\ A\‘fce/(\/‘/\qose«



8 Ethanol, C,H-OH, is a most important industrial chemical and is used as a solvent, a fuel

and an intermediate in large scale organic synthesis.

Ethanol is prepared industrially by the reaction of ethene and steam in the presence of a
catalyst.

C,H4(g) + H,O(g) — C,H;OH(g)

The standard enthalpy change of the reaction can be determined by using the standard
enthalpy changes of combustion, AH,, at 298 K.

AHSTkJ mol™?
C,H,(9) -1411
C,H.OH(l) ~1367

(a) Calculate the standard enthalpy change for thta following reaction.
NH
C,H,(g) + HO() — CH.OH(l)

/&“):. -l"\” Yoz //LSOZ /5\_}5,_._—\547
v

2 Co, +3LLO
b\—j,-_ /Su) —A“3 S N R i A e T 2]
= ‘L(L‘ HT Mo\’\

Methanol may be synthesised from carbon monoxide and hydrogen. Relevant AH? values
for this reaction are given in the table below.

compound AH?2/kJ mol™’
CO(g) 283
H,(g) —286

CH.OH(g) -726

(b) Use these values to calculate AHT, ..., for the synthesis of methanol, using the following
equation. Include a sign in your answer.

\
CO(g) + 2H,(g) — CH,0OH(g)

Al, - -285 \ / ISR S
12 -2@

Co, +2H,0
Ml . -283+2(286) + 726 = - 127

AHE,  ion = '\’)»O\kJ mol™’

[3]



The table gives some enthalpy change of combustion values.

substance cﬁhﬂzﬁ;nhﬂg;;:
Cls) 3935
H,(9) -285.8
C.H,OH() ~2021.0

(i) Construct a labelled energy cycle to show how these values could be used to calculate the
enthalpy change of formation of C,H,OH(l), AH..

3C(s) + 4H,(g) + 30,(9) —" C;H;OH(l)
AL\ 3(3qg QS-L_i.Ol\ +_ﬁ O AH O\
2
+4(-23S z
3(,(‘)}_ YU ,0

(i) Calculate the enthalpy change of formation, AH,, of C,H,OH(l).

Ao . 3(3BS) +4(-285.9) 1ol
= -3¢
= —AOQ’{ kJmol~ [2]

9 Carbon, hydrogen and ethene each burn exothermically in an excess of air.

C(s) + O,(g) — CO,(g) AHT = -393.7kJmol™’
Hy(g) + %0,(g) — H,O() AH; = -285.9kJmol™
C,H, () + 30,(g) — 2CO,(g) + 2H,0(l) AH? = -1411.0kJmol™

Use the data to calculate the standard enthalpy change of formation, .&Hf’, in kJmol™?,
of ethene at 298 K.

A\,

+ 2H

—_—
Ay, 2(937) 450\ // AL -l
+2(-285 9

(o -)—QH O

2(‘ 573'73 {—2(—2—85.‘\>+ MW\ - 4512 X ol



10 Calculate the standard enthalpy change of formation of CS, from the following data.
Include a sign in your answer.

standard enthalpy change of combustion of CS; = —1110 kJ mol™
standard enthalpy change of formation of CO, = =395kJmol™
standard enthalpy change of formation of SO, = =298kJmol™

Al
4——5 _— CS

M. -39S 430, + 30, my, - Ve

LQ(—Qﬂz
COl 3 lSO)_

M -39S 4 2(-298) Lille <+ 113 KT wel

11 Ketene, C,H,0, is a member of a class of unsaturated organic compounds that is widely
used in pharmaceutical research for the synthesis of organic compounds.

Use the data below to calculate the standard enthalpy change of formation of

ketene.
AH®/kJ mol1
standard enthalpy change of
formation of CO, B
standard enthalpy change of
! —286
combustion of H,
standard enthalpy change of _1028
combustion of CH,=C=0
C o+ oW 0 2
N
1 > (|

7 The standard enthalpy change of combustion of C.H,, AH?, is —1300kJmol-" at 298K.

Values of relevant standard enthalpy changes of formation, AHY, measured at 298K,

are given in the table.

substance AHT/kJmol™
CO.(g) -394
H,O(!) 286

(i) Write balanced equations, with state symbols, that represent

the standard enthalpy change of combustion, AHZ, of C,H,, and

e Co Hot )ﬁOlédCOI«LHLO .......

the standard enthalpy change of formation, AHY, of C,H,.

{ii) Use the data abowve and your answer to (i) to calculate the standard enthalpy

change of formation, AHT, of C,H,.

Show clearly whether the standard enthalpy change of formation of C,H, has a

positive or negative value.

P C(a«,«()x“if + H (3)

N

A . 2(-3‘1‘13
3 - 13
- 28C \ \%@

1Co, 4 0

AH - 1(—3‘*“@-2&@ 4R <« 226

A
> 4226 Klmel
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3 (d) The equation for the complete combustion of ethyne is given below.
Use appropriate bond energy data from the Data Booklet to calculate a value for the
enthalpy change of combustion of ethyne.

C:_C = QL(D

C,H,(g) + %0,(g) — 2CO,(g) + H,0(q)
H-cCz¢-¥ +S_ 0O=0 — 2Jo=c=o + ”/O
2@V 4 (e=d) +S‘(o o) > (= + 2(o-Y)
=2 () 1 ghg + %’@ﬁé 4 (205 -2 (hbd)

= - \2L\O \l\j mb\-

M

[3]
(e) The value for the standard enthalpy change of combustion of ethyne is —1300kJmol~.

(i) Explain why your answer to (d) does not have the same value as the standard
enthalpy change of combustion.

I A“‘@(J 1001\9 eA\H\&()\eb
koo sxf.w&wa s\z}e— LS O j&u& So \'ag)/«o en L;\Q‘s

ke !\o} been mccochg N c co\a&\o«{\ [3]

35 The standard enthalpy change for the reaction
2NF4(g) — 2N(g) + 6F(g) is AH® = +1668 kJ

What is the bond energy of the N-F bond?

A -556kJmol” 2@"34> 5 >N 4 LF
B -278kJmol™ ¥

(© +278kJmol” CCN—T’> - 166

D +556kJmol” N-F =»272

- 6@1\9 E;,/mj'itﬂ\. S e;:(ohe@lmk Cﬁ \—l: -Ve
- &01\9 bfc»\K}v\a S &'\Qowdw\?c, (A“ = 4+\Ve

11 Methanol may be prepared by the reaction between carbon monoxide and hydrogen.
CO(g) + 2H(g) — CH:OH(g)
The relevant average bond energies are given below.

E(C=0) 1077 kJmol~'
E(C-O) 360kJmol™

E(C-H) 410kJmol™
E(H-H) 436kJmol™
E(O-H) 460kJmol™

ol KT el

What is the enthalpy change of this reaction?
A -537kJmol™

~101 kJmol”

C +101kJmol™
D +537kJmol”
6"’]:)1(0 T-T- \SI C—I .:),1'\‘0 H’I:mq\

(ii) The corresponding reaction with iodine does not take place.

Use bond energy data from the Data Booklet to calculate a ‘theoretical value’ for
AH.. .tion fOr the following equation.

CH, + [, - CHJI + HI

B
\

u_c—l-l—r— 1—1 —> )\ -C- + -t
|

4(c -‘*‘) F(Ta) ’s(c—i'\S +<C-1\ ' (‘\13
An) 15\ = 3 - 2he -2
_+ 22 ) "\ﬁ"l
(ill) Suggest why this reaction does not in fact occur.

(CZ; O} + 2(9-\4) —>H-c\,‘——o-\4

< 7T 42 (%C; - 5(‘%} _ &:, Lo



