SECTION 8 Chemical Reactions and Energy
Multiple-Cholce Questlons
ASLI6(1)_08
Which of the following process iz endothermic?
A, Freezing of water
B. Condensation of sicam
C. Reaction of H*(aq) with OH(aq) to give H:O(l)
D. Electrolysis of water

DSRIISP_I0

Which of the following reactions is endothermie?

A, Za@s)+ Cu¥*ag) —= Zu*{aq) + Cu(s)

B. CaCOs(s} + 2H'GqQ —+ Ca*{ag) + H0() + COag)
C. 2CiHw{g) + 1302z} — 8COxg) + 101:00)

D. Cobhn(l) — Colls(g) + Cabs(g) + CsHalg)

DSEIISP_L3
Standard enthalpy changes of severat reactions, as denoted by x, y and z respectively, ore listed In
the (able below.

Reaction Standard enthalpy change / ki mol™
Cls + Ofg) — COuAp) ¥
Hag) + %Oxg) — H0(g) y
C(s) + 2Ha(g) —= CHu(g) z

For the reaction CHy(g) + 202(g) — COx(g) + 2H:0(I), which of the folfowing is a reasonable
estimate of its standard enthalpy change?

A xty-z B, —~x-y+tz
C. x+2y-z D, -x-2y-z
DSENISP_19

In an experiment, 10.0 g of KCI(s) was added to 100 e’ of water, The mixiure was then stirred
until alt the KCY(s) dissolved, The temperature of the mixture was found to drop by 5.5°C. What is
the molar enthalpy change, in kImel™, of the dissolving process of KCI(s) under the conditions of
the experiment?

(Specific heat capacity of the mixture = 4.2 J g™ K™!; Density of water = 1.0 g an™;

Relative atomic masses: K = 39,1, C1 =35.5)

A, #2231 B, +254

C. +i723 D. +1896
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DSEIZPP_05
Which of the [ollowing processes is endothermic?
A, HiO(Q) — HO(s)
B.  CuSOufs) + SHaO(l) — CuSO4s5H:0(s}
C, 2O — 2ZHig) +OxAg)
D. Ca(s) +2H20() — Ca{OH){aq) + Halp)
DSE12PP_I2
Consider the standard enthalpy changes of the following reactions:
lafs) + Cla(g) —= 2ICHs) AH = +14 kI mof™!
ICI(s) + Clag) — 1Ch(s) AH =88 kJ moi™
What is the standard enthalpy change of fonwation of IChy(s):
A, ~81kfmel! B. 74kl mol?
C. +74 kimol™ D. 481 kI mel™
DSBI2_07
The standard enthalpy change of combustion of some substances are shown below:
Substance Standard enthalpy change of combustion at 298 K / kJ mot™!
Ha(g) 286
C(graphite) -394
CHiCHOH(Y 1371
The standard enthalpy change of formation at 298 K of CHiCH0H(1) is
A, 275K mol™! B. 4275 kJ mol™!
C.  +691 kI mol™! D.  ~=3017kJ mol™

DSEL3_LS

For which of the following reactions must its enthalpy change be determined by INDIRECT
method?

A, Zn(s) + CuSO4(ng) — ZnSO4(aq) + Culs)

B. 2C(s)+0a(g) — 2C0(g)

C. CHCHOH(D+30a(g) — 2C0xg) + 3H:0(1)

D. MgO(s)+2HCKaq) —~ MgClxaq) + H.0()

DSEI3 I8

Under standard conditions, complete combustion of 0.050 mol of propance (CsHz) gives 111 kJ of
feal. Which of the following is the standard enthalpy change of formation of prepane?

(Standard enthalpy change of formation of H2O(I) = ~286 kJ mol™;

Standard enthalpy change of formation of COx(g) = ~394 kJ mol™)

A, —106 kJ ol B, +106 kJ mol™!

C.  ~569 k) mol™ D. 569k} mol™!
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DSE14_09

The enthalpy changes of three reactions under certain conditions are shown below:
Reaction
BaHe(g) +30:(8)

Enthalpy change

— B205(s) + 3H.0() ~2170 kJ mol™!

3 1
B(s)+ a Oxg) ~— = B20s(s) —635 kI mol-!

1
Halg)+ 5 Ou(g) —= H:0() —286kJ mof-!

Which of the following is the enthalpy changs of fonmation of BaHs(g) under the same condilions?

A, +42 kI mol! B.  +614 kI mol-!

C.  +677 k) mol! D.  -+1249 kJ mol!
DSE15_12

Consider the following reactions:

(1) COxg)+CaOfs) ~= CaCOjfs) AHy
(2) NHi(g) + HBr{g) — NH:B(s) AH2
(3) HF(aq) + NaOH(aq) - NaPF(ag) + H;0{) AHs

{4} NaHCOs(aq) + HCi(aq) ——=~ NaCl(ag) + COx(g) + HoO(I) ABRs
Which of the following represents enthalpy change of neutralization?

A AH, B. AH:
C.  AHy D. Ay
DSE14_12

In an experiment, standard HCI{aq) was added from g burette to a known volome of NaOH(aq)
placed in an expanded polystyrene cup. The graph below shows the temperatures of the mixture in
the cup during the process:

2
n-ff TR :

3

3045t 1

2

Texaperamure / °C
82

27

%

25

Volurae of HCl(ag) added
What is the greatest temperature rise of the mixture in the cup as estimated from the graph above?
A. «)0 YT e s . . 46«7C 4 4sankis pfsalas
C. 62°C . 66°C
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DSEL5_18
Which of the following combinations iz / are correct?

Chemical reaction Enthalpy change of reaction

(1) 2H0(1) — 2Hag) + O2fg) Positive

(2) 2C0(g)+Cag) —+ 2COxAg) Positive

(3) 2Na(s) + 2HO() —> 2NaOH(aq) + Ha(g) Negative

A, (Honly B. (@ only

C. (1) ond (3) only D. (Dend 3)only
DSEIg_24

19 statemont 2™ statement

The standard enthalpy change of formation Under standard conditions, 8 compound must
of & compound must be negative value, be encrgetically more stable than its constituent

clemnets,

DSEL7_07

In an oxperiment for studying the enthalpy change of a reaction, the variation of the temperature of
the confent in the reaction container with time was ploticd in a geaph as shown below:

The reaction starts at the third minute. Which of e following combinations is correct?

Enlhalpy change of e reaction

A, 51°C negalive
B. 45°C negative
o 3 positive
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DSE{8_18
Consider the following information:

2H0() — 2Hg) + Oulg) AH® =+ x k) mol-!

Which of the following statements isfare correct?

(1)  The standard enthalpy change of formation of H2O(l) is -0.5 x kI mol™

]

{2) The standard enthalpy change of formation of HaO(1) is +0.5 x kJ mol™!
3) The standard enthalpy change of combustion of Ha(g} is ~ x ki mol™

A, (Donly B,
¢, (and {3)onty D,
DSEI8 22

Which of the following processes are endothermic?
{1} Melting of wax

(2) Cracking of heavy oil

(3)  Adding zinc powder to CuS04(aq)

A, (1yand (2} only B.
C.  (2)snd {3) only D.
DSE{9 09
It is given that:

{2) only
(2) and (3) only

(1) and (3) only
(13 ) and (3)

Standard enthalpy change of formation of water = —286 ki ol
Standard enthalpy change of combustion of propane =~2222 kJ mot™!
Standard enthalpy change of formation of carbon dioxide = ~394 kJ mol™!

What is the standard enthalpy change of formation of propane?

A =52k mol™ B.
¢ +52kImol™! D.
DSEL9 22

Witich of the following arc cxetherniic?

(1) Theomal decomposition of mercury(Jl) oxide solid
(2) Dilution of concentrated sulphuric noid with water

~104 kY mol ™
+104 k) mol™

(3) Reaction of mngnesium ribbon with dilute hydrochloric acid

A, {(Dand (2) only B.
C.  {2)yend{3)only D.
DSE2020:

0. Rafer 10 the standard enthalpy changes of cornbustion below :

O m O(D e

~3268 kY mol! ~3920 kf mol™! ~286 k1 mat™

{}yand (3) only
(13, (2yand (3)

What s the standard enthalpy change of the following rescrion ?

O (1)+ 3H(R) L2 O o

A ~206 ki mol™
B. —652 ki mol™
[ +206 kI mol™
D, +652 kI mol™*
a P . = =
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13, The enthalpy changes for some conversions are shown below : i
= ] o =+ -1 = -1 |
w AH = ~150 ki mol - X AH = +100 kJ mof > v AH = +80 kJ mol > 2 |
Which of the following combinations is correct 7 Structural Questions
W s 7, Z X AL9R(I)_02¢ ‘
' exothermie endothermic Both Ha(g) and CH3OH(I) are possible fucls for pawering vockets. Their contbuystion reactions are :
B. exothermic exothermic
C. endothermic exothermic show below,
D. endothermic endothermic 1
- Hy(g) + 50:(8) — Hz0(8)
21. Which of the following statements are correct ?
1
(1) The standard enthalpy change of formation of NH,(g) can be determined divectly from experiment. CH,0H) + 150,(8) — CO0,(8) + 2H,0(g) ]
{2} The standard enthalpy change of combustion of HoNNH (D) is negative, 2 {
® The standard enthalpy change of formation of Ny(g) is zero. (i) For each of the above reaclions, caleulate the enthalpy change at 298 K per kg of the fuel- i
A (1) and €2) only oxygen mixiure in the mole ratio as indicated in the stoichiomeiric equation.
B. {1} and (3) only ke
G (2} and (3) only (3 marks)
D ()@ md3) (i)  The effectiveness of a fuel can be estimated by dividing the enthalpy change per kg of the
fuel-oxygen mixture in its combustion reaction by the average molar mass of the product(s) i
DSE2021: in g.
14, Based on the experimental set-up in the disgram below, after 3.0 ¢ of sodium nirrate solid is completely Deduce which of the above two fucls is more effective in powering rockets.
dissolved in 50 cm® of waler, the temperature drops by 6 “C. Note: You are provided with the (‘ollowing data at 208 K¢
| Compound Molar mess/ g AH%/ ki mol™!
" COxg) 44 -394
polystyrene cup Hzo(g) 18 ~242
v — CH;0H() 32 ~239 !
2.0 g of sodium nitrate solid + 30 ¢m® of water ¢
(3 marks) i
Which of the following would give 3 drop of temperature by 3°C under the same experimental
conditions 7
AL92(1)_07b
A ABler2.0 g of sodium nitratc solid is completely dissotvod i 25 cm? of warer. . . .
B, Afer4.0 g of sodium nitrate solid is completely dissolved in 100 cm? of water. In an experiment to determine the enthalpy change of neutralization, a polystyrene foam cup was
C After 16.0 g of sodium nitrate solid is completely dissolved in 106 cm® of water. . 0 ‘ o ] o
D.  ARer24.0 g of sodivm nitrate solid is completety dissolved in 75 om of vater. used as & calorimeter. When a solution of an acid was poured into a solution of an alkali in the
calorimeter, the temperature rise was recorded by a thermometer which also served as a stirer,
15, When 7.88 g of carbon ide gas burns completely, 30 kI of heat is released. Under those State THREE sources of crror in the result obtained in such an experiment.
sxperimental conditions, the enthalpy change of formation of carbon dioxide gas is —394 kJ mol™". What is @ arks)
the enthalpy change of formation of carbon monoxide gas under the same experimentat conditions ? m
{Relative atomic masses : C=[2.0, 0 = 16.0)
: ASLINI) 02
A, ~678 ki mot™ . N . f
B. —474 kI ::r' Consider the standard enthalpy ehangos of eombustion, AHC. 23 of the alkenols listed in the lable
[+ ~314 kT molt below:
D. -110 kT mol™*
Alkanol AHC, 298/ kI mol”!
CHOH(D ~726
CHyCH;OH(l) ~1367
CH3{CH2)0H(l) -2017 |
|
CH3(CH2);OH(l) X
{8)  Explain why the combustion of CH3OH() is exothermic.
{1 mark)
(by  Estimate the value of x. Show how you arrive al your answer.
(2 marks)
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(& A1298K, the standard enthalpy changes of formation of CO2(g) and H1O(l) are —393 and
—286 kJ mol™ respectively. Calculate the standard enthalpy ¢hange of fonmation of
CH30H{) at 208K,

{3 marks)

ASLSH(IT)_13 [Similer fo DSEIR_066]
Compound T is the main chemical constituent of a cooking oil. T has the following structural
formule;
1
H2C--0—-8-(CH2)7CH"CHCH2CH-CH(CHZ),,CHJ
1l
HC—0~C~(CHy),CH=CHCH,CH=CH(CH,),,CH,
0
il
H,C—0—C~(CH,),CH=CHCH,CH=CH(CH,),CH,
{a} State all functional groups in T.

(2 marks)
(b) The cnthalpy change of combustion of T can be determined vsing the set-up shown below;

thermometer

aluminium can

]::

e water

flame

compound T

When 2,30 g of T was bumt, the terperature of water of mass 250 g in the alumirdum can
was found (o increase by 20,5°C.
&  Caleulate the enthslpy change of combustion of 'L, in kI mol™, under the conditions of
{he experiment.
{Specific heat capacity of water = 4,18 J ¢! K™; relative moleeidar mass of ' = 878)
(3 marks)
(i) Suggest TWO main sources of error in the experiment,
(2 marks)

203

ASLOO(ID_08
(8 The standard enthalpy changes of combustion of cyclohexa-1,3-diene {CeHs), cyclohexane
(C¢H)z2) and hydrogen are as follows:
AHP 208 [Ctla(l)) = -3584 kI mol™
AHPca08 [Collia(l)]  =~3924 k) mol™?!
AH%,25¢ [Ha{g)] =286 k} mol-!

() With the help of a chemical equation, state the meaning of the standard enthaipy change
of combustion of cyclohexane,
{3 marks)
(i) Write s chemical equation to represent the complete hydrogenation of cyolohexa-13-
diene. Hence, calculate the standard enthalpy change of hydrogenation of cyclohexa-
[, 3-diene,
{3 marks)
(b) Inan experiment {o detennine the cnthalpy cliangs of hydrogenation of cyclohexa- [ 3-diene,
0.10 mol of cyclohexa-1,3-dicne was (reated with excess hydrogen gas in the presence of' s
calalyst in a copper vessel, The vessel was immersed in 300.0 g of water. The diagram below
shows the experimental sel-ug:

thermometer

copper vessel -

(i)  Mame 8 catalyst suitable for the hydrogenation.

(Umark)
(i) Itis necessary to shake the vessel vigorously during the experiment. Explain,
{1 mark)
(i) Suggest TWQ reasons why a copper vessel was used instead of a glass vessel.
{2 marks)

(iv) At the end of the experiment, the temperature of the water incressed by 16.5°C.
(I} Caleulate the entlilpy change of hydrogenation of cyclohexa-1 3-dicne, in kJ
mol!, under the conditions of the experiment.
(specific heat capacity of the water is 42 ) g K"
{3 marks}

loulation

() State TWO ptions in your
{2 marks}
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ASLOI(ID_09 [Similar to DSEIS_08)

®

(b)

(v}

The table below lists the standard enthalpy changes of formation of three compounds:

Compound AH®; 233/ ki mol™!

CeHa0s(s) (ghicose) -1274

COx(g) -394

HO(h) -286

()  Calculete the standard enthrlpy change of combustion of glucose.
(3 marks)
(i)  Caleulate the theoretical amount of energy released when 10.8 g of glucosc undergoss
conplete combustion,

(2 marks)

The thermochemical cquation for the combustion of tripalmitin (CsiHssOs) is given below!
145
CgiHogOg(s) + Tﬂz(g) —— 51C0,(8) + 49H,0()  AHSye = — 31400 k) mel™!

Calculate the theoretical amount of encrgy released when 10.0 g of fripalmitin undergoes
complete combustion.

{2 marks)
With refe < in (a) and (b), suggest why plants store their energy mainly
in the form of carbolydrates, whereas animals storc their energy mainly in the form of fats
(tripalmitin).

ce to your ar

(2 marks)

ASLO2()1) 08 [Similar to DSE17 07}

(a)

®)

In an experiment to determine the enthialpy change of combustion of ethanel, & catorimeter
containing 200,0 g of water was used, Buring 0.185 g of ethano! caused the temperatire of
the water in the calorimeter to rise by 6.0 °C.
(i)  Draw & labelled diagram of the set-up used in the expetiment,
(2 marks)
(i)  Assuming that the heat capacity of the calorimeter is negligible, catculate the enthalpy
ghange of combustion of ethanol, ink] mol™, under the conditions of the experiment.
(specific heat capacity of the mixture is4.2J g™ K™
{3 marks)
(i)  State TWO other assumptions made in your calculation.
(2 marks)
(i) Do youagree with the following statement? Explaln your answer,
“Fire standard enthalpy change of formation of ethanol can be determined directly by
experiment.’
(1 mark)

205
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(i)  The tabie below lists the standard enthalpy changes of combustion of three substances,

Substance AH%, 298/ kJ mol™!
C(grapliite) -394
Halg) —286G
C:HsOH(1) -1368
Caloulate the standard enthalpy change of formation of ethanol, AH%; 208[C2HsOH(D]

(3 marks)
The table below lists the standard enthalpy changes of neutralization of three acids with
NaOH{aq).

Acid AH® qestization, 208/ kI mol™!
HCl(aq) ~57.3
HNOs(aq) 573
CHiCO:H(aq) ~55.2

Account for the following statements:
(i)  The standard enthalpy change of neutralization of HCl(aq) with NaOH(aq) Is the same
as that of HNOs(aq) with NaOH(aq).
(2 marks)
(i)  The standard enthalpy change of neutealization of HCl(aq) with NaOH(aq) is more
negative than that of CH;CO;H(eq) with NaOH{aq).
(2 marks)

ASLO3(11)_09 (Same as DSEI9_08}
In a thermometsic tilration experiment, 25.0 em® of 2.0 M sodinm hydroxide solutions was placed

in a polystyrene foam cup and was titrated against hydrochloric acid. The experimental results are
listed in the table below:

Volume of HCl(eq) added Zem® | 0.0 | 5.0

100 | 150 | 20,0 | 25.0 | 30.0 | 350

Temperature of mixture / °C

25.8 1 300 | 344 | 388 | 398 | 382 | 366 | 350

®)

)

(e

Plot a graph to show Ute variation of the temperature of the mixture with the volume of
HCl(nq) added,

{3 marks}
{ From your graph, determine the mamimun temperature that could be attained by
the mixiure,
(1 miark)
(iby Caleulate the molarity of the HClag) used,
(2 marks}

Using your result in (b), caleniate the enthalpy change of nentralization of NaOH(aq) with
HCl{ag) under the conditions of the experiment.
(You miay assume that the density of the mixture is 1.0 g cm™, the specific heat capacity
of the mixture is 4.2 J g™ K-! and that the heat capeity of the polystyrene cup is
negligible.)

(3 marks)
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ASLO4(QI)_10
Tn an experiment to determine the enthalpy change of hydration of CuS04(s) indirectly, 0.023 mol
of CuS0s(s) and 0.025 mol of CuSOsSH;0(s) were dissolved separately in 50.0 em® of delonized
water in a polystyrene cup. The maximum change in temperature of cach mixture was determined,
The table balow fists the results obtained:
The form of coppex{II) sulphate{VI} used  Maximum change in temperature / °C
CuSQq(s) +7.7
CuSO04+5H,0(s) -1.7
(8} Caloulate, under the condition of the experiment, the molar enthalpy change of solution of
cach of the following compounds.
(1) CuSOy(s)
{2) CuSO445H0(s)
(You may sssume that the copper(ll} sulphate(VI) solution formed has a specific heat
capacity of 4.2 J g™ K~ and a density of 1.0 g onvand that {he heat capeity of the
polystyrene cup is nogligible.)

{4 marks)
{b) From your resulls in (a), calculate the molar enthalpy change of hydration of CuSOu(s),
{2 marks)
(v)  Suggest why the cnthalpy change of hydration of CuS04(s) cannot be determined directly,
(1 mark)

ASLO5(1} 04
An experiment was carried out to determine the enthalpy change of the following reaction:
Zn(s) + Cu™ag) — Cu(®) + Zn¥(aq)

25.0 o of 1.00 M CuSC4(sq) was transfered 1o a polystyrene cup with negligible heat capacity,
and the temperatuse of the solution was recorded every half minute for 2% minutcs, At precisely
3.0 minutes, 4.0 g of zine powder was added to the cop, The raixfure was stirred snd its temperbure
was recorded for an additional 6 minutes. The geaph below shows the plot of temperature against
time,

%0 i

80 T

79 1

60 [

s0 RS

teraperature / °C

R N e s e

(8)  Show, by calenlation, that CuSQy is the limiting reactant,
€2 marks)
{b) Find, frotn the graph, the maximum temperature rise of the niixture. (You should show your
working on the graph.)
{2 marks)
() Assuming that the specific heal capacity and the density of the mixture are 4.2 J g~ K-! and
1.0 g o respectively, caleulate the enthalpy change of this reaction, in kJ mol*),
{3 marks)

ALBS(IN_0s
Most of the petroleum stock located on Earth is likely to be used up in 50 to 100 years if petrolenm
consumption is maintained at the current sate. With a view to culting down petroleum consumption,
some counirics have adopted an alternative fuel for motor vehicles — gasoline which contains
cthanol.

(@) Based on the standard cathalpy changes ol formation given below. caleulate the standard

enthalpy changes for the complete combustion of octanc and ethanol respectively.
Compound | ek mot

CaHiu(H) ~250
CHORE 278
COx(g) -394
00 ~286

(4 marks)

() Assuming that gasoline contains only octane, compate the enthalpy change of combustion

values, in ki ¢!, of gasoline and an aliernative fuel containing gasoline and 16% ethanol by

Aass,

{4 marks)

() Besides cutting down petrolenm consumption, suggest one additional advantage of using the
alternative fuc! over using gasoline.

{1 mark)

ALDG(T)_02

Given:
C{diamond) ~— C(graphite) AH*= -2 kJ mal'
Explain why the conversion of diamond into graphite will not occur spontaneously under normal
condition,
(I mark)

ASLOG(T)_06

When 10.0 e’ of ethyl ethanoate was mixed will 8.0 cm’ of frichforomethane, the temperature of
the mixture increased by 8.5 °C,

(&) With the help of  diogram, showing the sructures of the molecules, explain why the sbove

g process is exotherntie,
(2 marks)
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(b} Based on the data given below, estimate by caleulation the enthalpy change, in kJ miol, for

the above mixing process.

r——

——

Compound Molar mass Density Specific heat capacity
Ethyl cthanonte | 28.0 gmot! | 0.90 g em™ 1.92) gt K
Telchloromethane | 119.5 gmott | 149 gom™ 0973 g K
{3 rmarks)
ASLOGAD_11
Compound X has the following structure:
' g
H—C—C—C—C—H
11 |

|
H CH;H CH,
Complete combustion of 1.0 g of X liberates 44.5 kJ at 298 K under atmospheric pressure.
(0} Give the systematic name of X.

(1 mark)
() Caleulate the standard enthalpy change of combustion of X at 298 K.
(3 marks)
(c) Caleulate the standard enthalpy change of formation of X at 298 K.
(3 marks)

Standard enthalpy change of formation of CO2(g) and H20(}) nt 298 K are ~393.5 kJ mof~! and
~285.8 kJ mol™! respectively.

ALOS(1)_01L
The table below lists the standard enthalpy change of formation of four compotnds.
Compound AH, 258/ kY mol™'
Ha0() —-286
HCl(g) -92
Si0a(s) - 910
SiCh(l) —640

(a)y State lhe meaning of the term *standard enthalpy change of formation of 2 compound’,
{1 mark)
(b) SICl(}) undergoes hydralysis to give Si0x(s)
(i)  Wiite the chemical equation for the hydrolysis,
(1 mark)
(ii) Using the above data, caleulate the stondard entiialpy change for the Jiydrolysis, State
ONE asswinption made i your calculation.
(3 marks}

209
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ASLO9(ID 04
Hydrotysis of protein gives & variety of amino acids, and alanine (CH;CH(NH2)CO2H) is onc of
the amino acids commonly obtained.
(a) in the human body, slaisie undergoes biological oxidation to give cabon dioxide, water and
wren (CO(NH)). Write the chemical cquation for this reaction.
{1 mark)
() When nitrogen-containing organic compounds are burt in calorimetric experiments. the
nitrogen they contained is transformed to nitrogen molecules.
Wiite the chemicat cquation for the combustion of each of the following compounds in a
calorimetric expetiment:
() Alsine
(t mark)
(il Urea
(1 mask)
(¢) Using (he equations that you have given in (a) and {b), as well as the standard enthalpy change
of combustion given in the table below:

Compound AHC, 203 / kJ mol™!
Alanine ~1877
Uren —032

Caleulation the energy, in kJ, that can be obtained from te biological oxidation of 1.00 g of
alanine at 298 K.

{4 marks)
ASL10(TT)_67 [Shmilar to DSE14_06]
The tabls below Hsts the standard enthalpy change of formation of four compounds,
Compound AHe%e / & mol™!
H0() ~286
H20:01) —188
NH3(g} —46
NaH4(l) +51
(n) What is the meaning of the term “standard enthalpy change of formation’?
{1 mark)

() Hydrazine (NaHi) is a colorless liquid commonly used as a rockes fuel. 1t can be synthesized
in a chemical process in which ammonin is oxidized by hydrogen peroxide to give hydrazine
and water,

For the oxidation of ammonia to hydrazine.
{iy  Write its chemical equation, and
{! mark)
(i) calculste its standard enthalpy changs using the above thermochemical data.
(2 marks)
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(e) A student found the following information in a Material Safety Data Sheet (MSDS):
‘Hydrazine is extremely explosive in the presence of oxidizing materials’

The student agcounted for the phenomenon by the positive standard enthalpy change of
formation of hydrazine. Is the student's explanation correct? Elaborate your answer,
{2 marks)

AL10(IT)_02
A flight of space shuttle requires the nse of three propslianis:

Asclid propellant, which is a mixlure of powder Alls) and NH4Cl04(s}, is used to powar
the rockets carrying the shuitle. Upon Ignitlon, the solid propeilant reacts to give Al2Oa(s),
AlCis(s), NO(g) and Hz0(g). This reaction providas energy for launching the rockets and
the shultle up to the upper atmosphere.

After the shultlo separates from the rockets, the shutlle Is prepelled into its dasigned orbit
by & cryogenlc propeftant, which is a mixture of Ha(l) and Oafl).

When the shullle Is In its orbit, a hypergolis propetlant, of which the fuel is CHaNHNH:{h
and oxidant is N20«(l), will provide energy for manoeuvring the shuttle. The fusl and
oxidant react upon mixing, without ignition, to give COa(g), Hz0(g) and Nz{g).

{a) Write the chemical equation for the reaction of
B Al(s) with NH4ClOu(s), and
(1 mark)
(i} CH;NHNH:() with NaO(l),
(1 mark)
(b}  Given the following standard enthalpy change of formation, calculate the standard enthalpy
change, at 298 K, of reaction (T) and that of reaction an.

Compound AH,%ss ¢ kJ mol™!
AhOs(s) -1676
AlCI3(s) —704
CH3NHNH:(l) +53
CO2Ag) ~394
HyO(g) ~2A2
NH4ClO.(s) —295
NO() +90
N2Ou(ly —20
(4 marks)
() Suggest an advantuge of using the selid prapétiant in powering the ockets., S
(1 mark)
21

(d) The cryogenic propellant is also used to produce siectricity for use in the shuttle. Bricfly
deseribe the elecirochemical process involved,

{2 marks)
(e} State sn advantage of using the hypergolic propeHant in manceuveing the shuttle,

{1 mark)

ALLI(ID 03 [Similar to DSE16_07)
The enthalpy change of formation Al of ZnO(s) can be determined indirectly from the enthalpy
change of formation of H2O(1) and the enthalpy changes of reactions {1 and (2) below.

Zn0Gs) + 2HCHag) —w ZnChiag) + H0() Q)]
Zn(s) + 2BCKaq) —= ZuClyfaq) + Ha(g) )

An experiment ag outlined below was carried out to determine the enthalpy change of reaction (1):

25.0 crn® of 1.10 mol dm~* HCl{ag) was placed in an expanded polystytrene cup. The temperature
of the acid In the cup was measured with a thermometer at half-minute intervals.

Right at the third minute, 0.75 g of ZnO(s) was added to the cup. The mixture in the cup was then
stirced with the thermometer and its temperature was measured for an additienal 7 minutes.

The recordings of temperature are shown in the graph below:

temperature / °C

5 7 i
time / minute

(@} () Deduce the greatest temperature change of the reaction mixture. (Show your working
on the graph.)

{2 marks)
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(i} Calculate the molar enthalpy change of renction (1} under the conditions of fhe
experiment, (Assume that thet heat capacity of the expanded polystyrenc cup is
nogligible, and thet the specific heat eapacity and density of the solutions are 4.2 f g
K" and 1.6 g ot respeetively.)
{4 narks)
(b) Given Lhat under the same conditions, the molar change of reaction {2) is —49 kJ, and the
molat enthalpy change of {ormation of HyO(1} is ~286 kJ, calculate Aldrof ZnO(s).
(3 marks)

ALI3(I)_09 (modilied) [Similar to DSEL9_08]
An experiment was catried out to determine the enthalpy changs of neutralization of CCLCOH{aq)
with NaOH(aqg):
CiiCOzH(aq) + NaOH{aq) —= CCLCO:Na(eq) + Ha.0{)

A sample of 1.50 mol dm~> CCHCO;H(aq) and 1.82 mol dm~* NaOH(aq) were mixed in different
volume ratios to give mixture of 50.0 ¢m? in an expanded polystyrene cup. Ench mixlure was sfirced
and the highesl temperature reached was recorded, The graph below shows the maxmintum tise in
temperature for each of the reaction misture.

90 1TTTI N T AT fua TR 8 NSTTCany e S el & v ]

8.0

7.0

4.0

30

maximun rise in temperature / °C >

2.0

0.0 5, 100 150 200 250 300 350
vohine of NaOH(aq) used / cin® —
400 350 300 250 2006 150 100 50 09
«— volume of CC3COH(aq) used / em?

45.0 50.0
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(@)  Assume that the density and specitic heal capacity of all reaction mixtures are 1.0 g em™ and
4,2 ) gt K- respectively, and the heat capacity of the expanded polystyrene cup is neghigible.
Calculnte the eathalpy change of neutralization, in kJ mol=t, of CClCO:H(aq) with
NaOH(ag).

{5 marks)

(b) Usader the somc experimental conditions, the enthalpy change of newtralization ol
CH:CO:H(ag) with NaOH(aq} was found to be ~52 k¥ mol™, Explain why the two acids.
CCLCO:H(ag), have different enthalpy changes of nentralization with NaOH(aq).

(2 marks)

DSELISP_05
tn an experiment {o determine the enthalpy change of combustion of efhanol, a calorimeter
coniaining 200.0 g of water was used. Burning 0.185 g of cthanol caused the temperatire of the
water in the calorimeter to rise by 6.0 °C.
(a) Draw alabelled diagram of the set-up used in the experiment.
(2 marks)
(b)  Assuming that the heat capneity of the calorimeter is negligible, caleulate the enthalpy
change of combustion of sthanol, in kJ mol™, under the conditions of the experiment.
(Specific heat capacity of water = 4,2 J g™ K1)
(3 marks)
() State ONE other assumplion made in your caleulation.
(1 mark)

DSE12PP_07
(8) A student caried out an experinent to delermine the enthalpy change of the reaction of
calefum oxide with water. The set-up used is shown in the diagram below:

!l-——— thermometer

stirser

g A
water )

polypropene cup

The experimental resulis are as follows:

Mass of CaO(s) used =30g
Volume of water in the cup =500 cm’
Inltiat tomperature of water in the cup =28.2°C
Highest femperature aftained by the Ca(OH)(aq) formed = 46,7°C
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()  Calculate the enthalpy cliange, in k) mol™', of the reaction of calcium oxide with water
under the conditions of the experlment,
(Assume: density of water is 1.0 g em™® and specific heat capacity of the Ca(OH)(sq)
formed Is 42 J gt K5 the polypropene cup, thermemeter and stiveer used all have
negligible heat capacity.)
{4 marks)
(i) According to the literature, AH® for this reaction is ~82.2 mol-!, Suggest ONE
reasonable explanation for the discrepancy between the literature value and the value
obtained in (i).

(1 madk)
The diagram below shows the design of a ¢an of self-heating coffee beverage. When the
bottom of the ean Is pushed, the rod will pierce the aluminum foif and cause mixing of the
water and calcium oxide. The coffee beverage in the can will then be heated up.

/ It

3 .
1}

container

coffee boverage
Ca0(s)

polypropene

container aluminimm foil

waler

rod

(i)  With refercnce o the properties of the materinls involved, explain why
() apolypropenc container is used to contain the calcium oxide, and

(@ an sluminium conteiner is used to contain the coffec beverage.
(3 marks)
(i) Suggest ONE reasonable explanation for using calcium oxide in this type of self-
heating beverage can.
(1 mark)

2i5

DSE!2 08

Potassivm hydrogencarbonate (KHCO3) can be used to bake bread. Upon lieating, KHCO;
decomposes info KaCO3, HaQ and CQs.
{s) Explain the purpose of using KHCO; In bread baking.

(1 marky
(k) Write the chemical cquation for the decomposition of KHCO; upon heating.

(1 mark)
(¢) The enthalpy change of decomposition of KHCO;(s) can be deterntined indirectly from the

enthalpy change of the following two reactions:

KHCOs(s) + HCl{aq) — KCHag) + H20() + COug) Reaction (1)
K:COx(s) + 2HCi(ag) — 2KCi(ag) + FhO({) + COxg} Renction (2)

In an experiment to determine the enthalpy change of Reaction {1}, 3.39 g of KHCC:(s) was
added to excess HCHaq) in an expanded polystyrene cup. The experimental data obtained
arc shown below:

Initial tempernture of the reacting solution:  25.8°C
Final temperatare of the reacting solution: 20.2°C

Mass of the resitlting solution: 2758
Specific heat capacity of the contents: 43) gtk
Molar miass of KHCO;: t00.1 g

(i} Assuming (hat the heat capacity of the cup used is negligible, caleulate the enthalpy
change of Reaction (1) from the above data,
(2 marks)
(i) In another experiment performed under the same condltions, the enthalpy change of
Renction (2) was found 1o be —49.1 kJ moi~!, Calculate the enthalpy change of
decomposition of KHCO3(s) under the experimental condition,
(2 marks}
{d} According to the literature, the standard enthalpy change of formation of K,CQi(s).
KHCO;3(s), COx(g) and H20() ate as follows:

Compound AHC%,308 / k) mol™?

Ki;COsx(s) —1146

KHCO:(s) 959

COx{g) ~394

o ~286
() Using the given information, calculnte the standard enthalpy change of decomposition

of KHCOy(s}.
(i) Suggestwhy the ansiers obtained form (&)(ii) and d(i) are different.
{1 mark)
216
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DSE14_06 [Similar to ASL10(1)_07)
Petrol is a commonly used motor car fuck. It can be obtained from petroleum by fractional
distitiation

(3)

(iii) Oclane (CakHis) is @ component of petrol, Using octane as an exaniple, state the
meaning of the term ‘standard enthalpy change of combustion’ with the aid of a
chemical equation,

(2 morks)

(6} Motor cans powered by petrol emit alr pollutants such as pitrogen monoxide and carbon

monoxide. Installing o centain device in motor cars can convert these two oxides to less
harmfusl substances.
(i)  Name this device,
(1 matk)
(i)  The cquation for the reaction involved in the conversion is shown below:
2C0(g) + 2NO(g) — 2CO(g) + Na(g)
The standard enthalpy changes of formation of NO(g), CO(g) and COx(g) arc as

{follows:
Compound AW/ kI mol™!
NOtg) +903
co® -110.5
COu(z) ~394.0

Caloulate the standard enthalpy change of the above reaction.
(3 snarks)

DSE15_08 [Similar to ASLOI(TE)_09]
Natural gas is an important energy source for electricity generation. It contains mainly methane
(CHy).

®

Write the gencral formula of the molecules in the homologous scries that methane belongs
{o.

(1 mark)

(b) The combustion of methanc is an exothermic reaction. Its chemioal equation Is shown below;

CHa(g) + 20:(g) — COg) + 2H:0(})

@)  Complete the table below by stating all the covalent bond(s) that are broken and
formied during the combustion of methatie.

Covatent bond(s) broken

Covalent bond(s) formed

(2 marks)
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(i)  Suggest why the combuslion is exothermic in terms of the bresking and Yorming of
covalenl bonds,
(1 1wark)
(iiiy  Caloulate the standard enthalpy change of combustion of methanc.
(Stardlard enthalpy changes of formation:
CHu(g) = -74.8 k) moi'; CO(p) =-393.5 kJ moll; Ha0(1) = —285.9 ki mo¥h)
. (2 marks)
(¢) Some regions tend to generate electricity more by natural gas but less by coal. Give TWO
rensons from environmental protection consideration.
{2 marks)

DSE16_07 [Similarto AL11_03]
The enthalpy change of formation of MgCO(s) enn be obtained using an indireet method. Firstly,
the cnthalpy change for the reaction of MgCOx(s) with F2SOua(aq), and that of Mg(s) with
H,504(aq) are respectively determined experimentatly. Alter that, the eathalpy change of formation
of MgCOi(s) can be oblained through caleulation with given enthalpy changes of formation pf
COx(g) and H20(D).
(0}  According to definition, under which condition could that ‘heal change® of a reaction be
regarded as the ‘enthalpy change’?
(I mark)
{(b)  Explain why, instead of a direct method, an indirect method is used to oblain the enthalpy
change of formnlion of MgCOx(s).
(1 mark)
€} Inorder to defermine experimentally the enthalpy change for the reaction of MgCQOx{s) with
H2504(aq), an accurate mass of MgCOx(s) was firstly allowed o react with excess HaSOs(aq)
in a polystyrene fonm cup. The maximum tise in temperature of the mixture was then found,
After ealculation, the enthalpy change for the reaction can be obtained.
(i) Suggest onc possible error for the above experimental procedure.
(1 mark)
(i) Explain whelher the enthalpy change for the reaction of CaCOs(s) with H:804(aq) can
be obtained using a similar experimental procedure.

{1 mark)
(@) Using the information given below, caleulate the standard enthalpy change of formation of
MgCOx(s).
AH® /&) mot™?

Standard enthalpy change for the reaction of MgCOs(s) with H2S04(aq) —50
Standard enthalpy change for the seaction of Mg(s) with Hz804«(aq) 467
Standard enthalpy change of formation of COx{g) -394
Standard enthalpy change of formation of H2O(l) —286

{3 marks)

218

Provided by dse.life




DSEL7_07 [Siwmiler to ASLO2(II)_08]
Ethync is a gascous hydrocarbon with molecular formula CoH,.
(8)  Suggest why the enthalpy change of farmation of CzHa(g) CANNOT be determined directly
by experiment.
(1 mark)
(b)  Hess's law can be used to find enthalpy chenges which CANNOT be determined directly by
experiment. Statc Hess's law.
 mark)
(€}  Based on the entholpy changes of combustion AH. of CoHa(g), Clgraphite) end Ha(g) to
construct an enthalpy change oycle and applying Hess’s law can give the enthalpy change of
formation of C;Ha(g).
(i)  Draw, with Inbels, this enthalpy change cycle.
{2 marks)
(i) The standard enthalpy change of combustion AH®; of CaHa(g), Clgraphite) and Fa(g)
are given below:
AH% / kI moit

CaHa(g) -1300
C{graphite) -394
Hx{g) ~286
(1)  Stato the standard conditions for *standard enthalpy change’,
(I mark}
(2) Caleulate the standnrd enthalpy change of formation of CaHa(g).
{2 marks)

DSEI$ 06 {Similar to ASLI9GI)_13, ASLOY(II) 01]
Energy oxists in varions forms,
(@  Glucose (CoH1206) is one Important energy source for living things.
(i)  Write a chentical equation for {he conversion of carbon dioxide gas and liquid water
to salid glicose and oxygen gas.
(1 mark)
(i) Tho following standard enihalpy changes of formation are givew:
COx(g) = ~394 ki mol~!, HyO(l) = —286 kJ mol™, CebliaO¢(s) = 1274 ki mol-
Calculate the standard enthalpy change of the conversion in () above,
{2 marks)
(ii)  Green plants can convert carbon dioxide and water to glucose and oxygen, State the
transfoermation of cnergy in this conversion.
(1 mark)
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Burning heptane (CrHie) releases cnergy. The enthalpy change of combustion of heptane was
detenmined using the sct-up shown below:

thenmometer

alumininm can

water

LRy —
- A

methanol or heptane

Step (I): The alwminum can with a fixed mas of water was heated by butning methanol.
The temperature of water increased by 18.5 °C after 1,58 g of methanol was
bmnt,

Step(f):  The aluminium can with the same maess of water It Step (1) was heated by
burning heptane. The temperature of water increased by 25.8 °C afler 1,02 gof
heptane tvas burnt.

(i) Given that, under the conditions of experiment, the enthalpy change of combustion of’
methanol is =715 kI mol"!, caleulate the enthalpy change of combustion of heptane.
tnkJ mol™', under the same conditions.

{Relative molecular thanol = 32,0, hep =160.0)

(3 matks}
(i)  Besides the heat loss, suggest another source of error in the experiment.
(1 mark)
220
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DSEL? 08 [Same as ASLO3(1})_09, similar to ALL3(I1)_09] (b) (i)  Coloulate the number of moles of NaOH(aq) rencied with HClaq) in (a). Hence, find the
Several trials of an experiment were performed for detennining the enthalpy change of newtralization coneentration of the HCl(ag).
for & reaction, for each trinl, a 1otal volume of (00,0 em’ of a solution was obsteined from mixing (2 marks)
specified volumes of 2 HCl(aq) and 1.0 M NaOH(pq) as shown below in an expanded polystyrene (i)  Given that the initial temperature of the mixtuee for each trial is 25.5°C. calculate the
cup. The HCH{aq) and NaOH(aq) were kept at the same initial temperature before mixing. enthalpy change of neutralisation of the reaction, in kJ ot
(Density of the mixture = 1,00 g cov™;
Trial i 2 3 4 S specific heat capncity of the mixture = 4.18 1 g K
Volume of the HCl(aq) nsed / cm® 90 70 50 30 10 heat capacily of the expanded polystyrene cup : negligible)
Yolume of ile 1.0 M NaOH(aq) used / em* 10 36 50 70 90 (2 marks)
(c) The one determincd above is not the standard enthalpy change of neutralisation. What, then, is
For each trial, he mixture was stirred and its mazitnem temperature reached was recorded, A graph meant by the term “standard enthalpy change of neutralisation” ?
of the maximum temperature reached for cach trial is shown below; (1 mark)
o, _idme o A : el i DSEZ0_05bii, 111
L . BRRYNE Har ; 38 The melecutar formtla of an organic compound W Is CuHC,. 1t i soluble in water.
{8 Whet & piece of magnesium ribhon is placed into an g hution of W, hydrogen ges
evilves, According o this observation, suggest a fanctional group that W may contain,
£ mark)
{n 1t is known that one mole of W oan completely react with twe moles of NaOH,
” B} Draoy TWO possible structures of W,
o
18] Consider the following thermochemical eguation of 5 Tisati fon in standard
conditions ©
= ? CoHOng) + IMa0Hsg) - NapyCHOay) + 2H0(0 A=yl mol!
]
initial State the meaning of the term “standard enthalpy change of neutrafisation’, and deduce
temperaturs 3 the standard enthalpy change of lisation for this reaction in terms of y.
volume of 1.0 M NaOH(aq) used / cm®
(a) [t is estimated from the graph that 58.0 em? of NaOH{aq)(and 42.0 em® of HCI(aq))} is required !
for obtaining the possible maximum temperature reached in the experiment. Show how this !
estimation can bo done in the above graph.
(1 mark) (i} The standard enthalpy change of neutralisation between HCHaq) and NaOH(Gq) is !

'+
~§7.3 % mol™. Explain whether the enthalpy change deduced in {ii) above shoukd be

more negative than, less negative than or equal to —$7.3 K mol ™, i
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DSEZ0_07c

b2 An experiment is performed 10 study the following reaction © DSE21_05
BalOFy « 85008) + 2NH,CI(s) ~» BaClds) « 10003 + TNHig) 5. Hexamine (CgHizMa) is the main component of a portable solid fuel. It is a solid under room conditions and
) ) o o its structure is shown below :
{8} Whan the two solid resciants see mixed and stired 4 conigal flask, ammonis gas with 2
characteristic punpest smell is formed. Explain how ammonis gas can be tested. e //N ~ =
>
| cH, l
N l N
&
/ CHz//
N
~
H,C et CH,
€2 marks) (a) Suggest why the combustion of hexamine is exothermic in terms of the breaking and forming of
sovalent bonds.
[G3) Ba{OH); « 8H,O(s) is an alkali. What is meant by the 1erm “alkali® ? ) Ttis given that :
Compound Standard enthalpy change of formation / kJ mol™
" CsHiz2Ny(s) +123
i
{1 marky COxg) -394
{) The standard enthalpy change of formation of Ba(OH3; » 8H,00(s) is ~3345 kJ mol™, H0( -286
43} Write a thermochemical equation for the standard enthalpy change of fonnation of NO-(g) RES
Ba{OH}; « BB, 0(5). . ; ; " .
{1 Write a thermochemical equation for the standard enthalpy change of formation of
hexamine.
(it Calculate the standard enthalpy change-of the reaction between Ba(OH), « 8H,0(s) and
NHCHs).
{Standard embalpy changes of formation .
NH:(g) = ~46 k¥ mol™, Ha(x(l) = ~286 kI mot™’, NBCisy = 314 ki mol™, (i Hexamine combusts as shown by the equation below

BaCl(s) =—859 kI moi™
Ry ol CoHiaNuls) + 130x(8) — 6C0x(g) + 6H:0() + 4NOx(g)

Calculate the standard enthalpy change of combustion of hexamine.

5 {c} The following diagram shows an experimental sct-up for determining the enthalpy change of
combustion of hexamine under cerain experimental conditions.

thermometer
glass beaker
(i) Hence, explain whether the temperature of the mixtare would incresse, decrease or
remain unchanged during the reaction, water
héxantine
The data obtained are shown below :
Mass of hexamine combusted : 240 g
Mass of water : 600.0 g
Initial temperature of water : 23.5°C
Final temperature of water : 47.5°C
Malar mass of hexamine : 146.0 g
Specific heat capacity of water: 420 gt K
Assuming that the heat capacity of the glass beaker is nagligibl Jculate the enthalpy change of

combustion of hexamine under these experimental conditions,
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14. The enthalpy changes of formation of some substances under certain conditions are shown below :
Substance Enthalpy change of formation / kJ mol™!
H,O(l) -286
Na;O(s) -414
NaOH(s) -425

What is the enthalpy change of the following reaction under the same conditions ?
Na;O(s) + H20(1) — 2NaOH(s)
A. +275 kJ mol™!

B. -150 kJ mol™!
C. ~722 kJ mol™!
D. -1125 kJ mol™!
21 Which of the following statements are correct 7

(@) The standard enthalpy change of formation of graphite is zero. .
2) The standard enthalpy change of combustion of carbon monoxtde. is a negative value.
3) The standard enthalpy change of formation of carbon monoxide is equal to the standard enthalpy

change of combustion of graphite.

A. (1) and (2) only
B. (1) and (3) only
C. (2) and (3) only
D (1), (2) and (3)
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(b) (ii) It is given that the enthalpy change of neutralisation is the enthalpy change when solutions
of an acid and an alkali react together to produce one mole of water.

In the experiment, HCI(aq) is in excess. Calculate the enthalpy change of neutralisation
between Ca(OH)(s) and HCl(aq), in kJ mol™, under the experimental conditions.

(Volume of the reaction mixture = 100.0 cm’;

density of the reaction mixture = 1.00 g cm™;

specific heat capacity of the reaction mixture =4.2 J g™ K™;

heat capacity of the expanded polystyrene cup : negligible)
(Relative atomic masses : H= 1.0, 0 = 16.0, Cl = 35.5, Ca = 40.1)

(5 marks)

(c) Standard enthalpy changes of neutralisation AH,*® for two reactions are given below :

AH,* / kJ mol™
Reaction between Ca(OH).(s) and HCl(aq) -58.6
Reaction between CaO(s) and HCl(aq) -186.0

Calculate the standard enthalpy change of the following reaction.
CaO(s) + H20(1) = Ca(OH)a(s)
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DSEl4_I2
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B (46%)
D (48%)
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Struetural Questions
ALS8Q) 02

®

@i

0 _ =242 X 1000
M=
3] AH’[CH:OH()] = AH{COx(g)] + 2aH{H0(1)] — AHS{CH3OH(13]
== 394 + 2(—242) — (—239) = ~639 ki mol~*
—639 x 1600 3 -
Aﬂ—mm 8.0 % 10 k}kg
Effectiveness of fuel

~1.34 % 10*
1): T a—— —~744

= —1.34 % 10° k) kg™!

-8 % 10°
@:

= —300
F(44+2x18)

Based on the above data, Ha(g) is more effective fucl.

AL99(1)_07b
Auny THREE of the following:

-

Heat loss to the surrounding

The specific heat capacity of the reaction mixture equals to that of water

The heat absarbed by the polystyrene foam eup / the thermometer is negligible
The dengity of the solufion is the same as that of water

ASL99(T} 02
(8)  As the energy released in forming bonds In products (C=0 and O-H} larger than
encegy absorbed for breaking bonds in reactants (C-C, C-H, O-H and 0=0)
()  The average enthalpy change for bresking | C=C and 2 C-H bonds
1 — 726 017 — 1367
= {1a67 )-;(2 1367) = 645.5 k] mol™?
Value of ¥ = —2617 + 645,5 = —2662.5 kj mol~?
€}

CIHOH( + 3/,0x(8) —~ COxg) + 2H.0)

AH%, 20s{ CH3OH()] = AR fproduct] ~ SAHC freactant]
—~726= (~393) + 2(~286) ~ AHC, 204 [ CH, OH()]
AH® 20s[ CH1OH(1)] = -239 kI mol™?
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ASL99(I)_13
) Ester group
c=C
3 Energy reloased = 250 X 4,18 x 20.5 = 2142 256 = 214K}
2,30
Mole of compond T burnt = e 2.62%x1073

~21.4

TR0 = 8178 K mel™?

Enthalpy change of combustion =

(i)  Auy TWO of the following
Incomplete combustion of compound T
Heat lost to the surrounding
Heant absorbed by the aluminium can is non-neligible

ASLO0(T)_08
() & An enthalpy change when 1 mot of eyclohexanc is burnt completely it
excess oxygen gas vader the standard conditions.
CeHin(s) + 90xg) — 6COu(g) + 6HO(D)
@Gy CeHs(l) + 2Hxg) —= CeHnll)
AHn = T AHC[reactnnt] ~ LAH {product]
=(-3584) + 2(-286) — (-3924)
=232 kJ mol™
® O Platinum / nickel
() To ensure that hydrogen gos well contact with cyclohexa-1,3-dlene and
catalyst for renction.
(jii)  Copper is o better heal conductor than glnss.
Copper has a higher strength to withstand the high pressure buill up by the

hydrogen gas.
Gv) () Energyreleased = 300X 42X 165 = 20790 ) = 20.79 k]
~20.79
Enthalpy change of iydrogenation = 10" —207.9 I mol™?

) Any TWO of the following:
No heat {ost to the sumounding
Hydrogenation of cyclohexa-1,3-dienc is completed.
There is no evapotation of cyctohexa-1,3-dlene ot cyclohexane,

ASLe(n_eo
{a) (] CsHiaOgs) + 602g) — 6COxg) + o6H0(1
AHC, 15s{CeH10s(s)] = LAH dproduct] - T AR freretant]
= §(~394) + 6(~286)— (~1274)
=-~2806 kJ mol™!
(i) 10
No. of mole of giucose = T 0.0556

Erergy released = 2806 x 0.0556 = 156 5]

[j
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[
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{b)

©

ASLO2(J1)_08

(o)

®)

©)

10
No. of nolfe of tripabnitin = — = 0.0124

806 [1
Energy relensed = 31400 x 0.0124 = 389K i
Under the same mass of carbohydrafe and fat, carboliydrate pravides less amount of {I}
encrgy to support the plantwith fower metabolic rate, while fat provides larger amount {1}
of cnergy to support animal with higher metabolic rate.
0] [2]
thermometer
aluminium van
—t——— watey
e flOMNE
ethanol
=
(i)  Energy liberated = 200.0 X 4.2 X 6 = 5040} !
0.185
22— = 3
Mole of ethanol used 73 4.02 x 18 o
Bnthalpy cl £ combustion = oo = ~1253 K] mol~*
uthalpy change of combustion = yem—amey = j mo 0
(i)  There is no heat lost to the surraunding. 2]
Complele combustion of ethanol
(i) No. As the side products such as COz may form. [t
i) 1
{ 2C(graphite)+3ﬂz(g)+—z- 0,{g) — C;HsOH(D M
AH®; 208{CoHsOH(D] = TAH [reactant] ~ TAH [product}
=2(—394) + 3(-286) — {-1368) {1
=278 kJ mot™ m
@ Both HC! and HNO; are monobasic aad they are completely ionized in water.  [1]
They neutratize with NaOH{aq) to give same amount of water molecule. 14
(i)  HCKaq) is a strong acid while CH3CO2H(aq) is s weak acid. {n
Part of heat released in the neutralization of CHiCOzH(aq) wilh NaOH(aq) is 1]
sbsorbed for complete onization of CH3COzH({aq).
226
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ASLG3(Ty_09 ASLOS(1)_04
3 0
@ T T THTHE i 8l ® fne, of moles of Zn= i-—~=0.061
40.0 R 1 65.4 [t}
HHTH] NITH T no. of moles of Cu**(aq) = 1.0 X 25 x 16~% = 0.025
R | HHH * CuSO4(aq) is the limiting reactant. {1
o 36.0 a8y TR (b)  Maxinum temperature rise = 53 °C
¢ 1 : 4
; P - H a2
2 320 (f i
§4 [ H : : L L 80T
§ 28.0 A fiitid 5
L . 70 ‘
24.0

0 10 20 30 40

tempegatuce / °C

volume of HCl(nq} used / cm?* 2}
® B 407°C {1]
(i)  Volume of HCl(ag) required to reach the end-point = 17.3 ent® {13
HClaq) + NaOH(sq) —= NaCliaq) + H0()
Concentration of HCl(ag) = 2'2 7)( 325 = 2.8% mol dm~3 1] N = o o= 4w e = = Rt T BV
{c) At the end-point of the titralion, total volume of reaction mixture = 42,3 ¢m? Y 5
Temperatuve rise = 14.9°C . i
Energy liberated = 42.3 X 4.2 X 14.9 = 2647 ] {1 RsEA IS
Enthalpy change of neutralization = TRIE R 16T XZ:G:ZO_;; = 52,9 k] mol~t B (65 Heat eVOé‘jsc;is— 25 X 42 X 53 = 5565 ] = 5,565 kJ {1}
A =-5ozs )
ASLO4(I) 10 = ~222.6 k] mol™! {1}
(® (1) Molar enthalpy change of solution of CuSO4(s)
50%4.2x7.7 ALOS(IT)_05
T o0z [y (a)  Complete combustion of octane:
= 64680 )= — 64.68K) ' in Cebha(l) + 12.50xg) —= 8COg) + 9HL0()
(2)  Molar enthalpy changs of solution of CuSO045H0¢s) Standard enthalpy change
50x4.2%1.7 = 8AH [COx(g)} + 9AHS: (0] ~ ALl [CaHus(D]
0.025 [t = 8(~394) + 9(~286) - (~250) (t
=+14280]= + 1428 K] {1 =~5476 kI mol-f 3]
B)  CuSOis) + agq —= CuSOa(aq) AHp=-64.68 kJ mol-! Compiete combustion of ethanol:
CuSOeSHL0(6) + ag —= CuSOs(aq) AH; = +14,28 kI mal™* CaHsOH() + 30:xg) —> 2C0Ag) + 3H0()
For the reaction, Standard enthalpy change
CuSO«(s) + SHO) —~ CuS0se5H0(s) = 2AH [CO1(g)] + 3AH* [H0(D] ~ AH [C2HsOH(D)
AH = AH; — AH = —64.68 — (+14.28) ! = 2{-394) + 3(~286) — (~278) 1
=-78.96 kJ mol-! i = —1368 kJ mol! m
() Misdifficult fo measure the temperatne of g solid, . RV = '
227 228
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(b}  Conversion of enthalpy thanges of combustion from kJ mal~! to kI g* units ASLO6(I_11 ,

—~5476 (ay  2,2,4-rimethylpentanc H
For actane, AHE per g = —gz—= ~48.0K/ g™ (m ®  Molrmassof ¥= 12X 8+ 1x 18 = 114 g moi™* H
For ethanel, AHZ perg = _;168 = 29,7k g! i no. of mole of X burnt = m = 0.00877 o
As the altemative fuel contains 90% octane & 10% cthanol, its enthalpy change of AHS = — 44,5 = —5074 )] mol™*
combustion ¢ 0.00877 i1
= {0.9)( ~48.0) + (0.1)(~29.7) = 462 kJ g {1 ©) AHO{CaH()] .
For the same mass, 1ic altemative fuel has o lower energy content. $1} 8 C(s)+ 9 Hy(g) — CaHpe (1) .
(¢)  Anyone of the following: (13} 8AH{COxg)) !
1. Ethanol is an oxygen-containing compound. It is easier for the altermnative fucl to + QAH{Txg)] \ f/ ABC{CsHis(l)] + "“01(9,) {1}
achieve complete combustion / less CO is produced / less partisulates ate formed 5 2}0;@) 8 €O, (8) +9 H;0 (1)
/ {ess air poliutants.
2. Bthanol is a renewable cnergy souree. Tt can be oblained from agrienitural AHO{CsHu(D] + (-5074) = 8(~393.5) + 9(~285.8) N
products. * AHE [CeBus(D)] = ~646 kI mol ™! i
3, The cost for the production of ethano] is fow in agrlcultural connties.
ALOBQI)_O1
ALOG(I) 02 (@)  The enthalpy ehange when 1 mol of the componnd is formed from its constituent {1}
The conversion of diamond to graphile has very high activation energy. The reaction s very 1] elements under standard conditions,
slow under normal conditions. ) @) SiCl@) + 2H0¢) — SiOys) + 4HCl(g) {t]
[NOT acsept: $i02.2H0 as one of the products}
ASLOG6(1)_06 ) = AH [SIOxs)] + 4AH" [HCHg)] —~ AR [SICL(D)] - 28H° H20(IH
(") Astronger intermolecular force, hiydrogen bond, is formed between trichlotomethane {1} = (=910} + 4(-92) ~ (-640} ~2(~286) i
and ¢ihy! ethanoate moleoutes, Energy Is released accordingly. = 66 k} mot™! it}
Asty ONE of the following: it}
5 By ~ CHy i} 1. SiCl() is in excess / The hydrolysis gives HCI(g) instead of HCl(aq)
CliC—H" e ecx O=C\ 2. The Hess® Law is followed. {NOT accopt er is conserved
QCH;CH, pt enesgy is conserved.}
() 8x 149 ASLO9(I) ot
no. of mole of trichloromethane= =375 = 00997 0! ()  2CH,CH(NH2)COM(s) + 60a(g) —~ SCOxg)+ COMNHa)s) + SHZO() )
. 10 %09 o O 4CH;CH(NH2)COzH() + 1501(g) — 12C0x(g) + 1O + 2Ma(g) 1]
1o, of mole of ethyl ethanoate = Y 0.1023 () 2COMHan(s) + 30a(g) —= 2COx(e) +4H200) + 2Ne(g) i
Trichioromethane is the limiling reactanl. ()  Enthalpy change for biological oxidation of alanine
Heat given out = 8 X 1.49 X 097 X 9.5 + 10 X 0.9 X 1,92 % 9.5 = 274.0] {11 _ 4AHgalanine] ~ 2AHR[urea]  4(~1577) — 2(-632) {n
-274.0 _ R 4 - 4
BH = e = «2748 J mal™! = —2,75 kj mot™! m — A i 0
Molar mass of elanine =890 g i
Energy obtained from the biological oxidation of 1.00 g of alutine [1]
=22 o a2y |
89 ! :
229 2% i
|
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ASLI16(i) 07 ALTI(IT) 03
(@  The enthslpy change wien 1 mol of the compound is formed from its constituent n @ () (359-285)=74°C/K (2]
clements under standard conditions. (Accept answers from 7.3 10 7.5 °C)
® () NHig) + HeOul) —= NOWl) + 2H:0() i 36 . Tn
() AH®= AR N04(D)] + 2AHO [HLO()] ~ 2AHCs [NHy(g)] - AHOFL05(1)] : )
=+51 +2(-286) — 2-46)  {188) {n ; i Au N e
=241 kJ mol! m : RNy R -

34

(€} No. The explosive property of hydrazine is due to the fact that the oxldation Is very  [i]
fast and there is evolution of a farge volume of gases.
The positive standard enthalpy change of formation hydrazine only mcans that itis  [1]
tinstable as compared to its constituent elements.

wopaatze / °C
}
=
s
L
1
;
\
T ;
;
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T
T
1)
:

32
AL10(T)_02
® () 3AIS)+3NHCIONS) —= ALOs(s) + ACh(S) + 3NO(g) + 6H:0(g) 0] T A T
(i) 4CH;NHNH(D) + SN204(1} — 4COx(g) + 12H20(g) + MNa(g) i1 s - o RaeARNEE N
) AH= AP [ALO: ()} + AHPHAIC(s)] + 3AHC INO(g)) + T 1T T
SAH{6H:0(g)] e
- (BAHMAK(S)] + 3AH*{NH.CIOAS)]) s FELEEEH EFL T R EiERERAE: J’
= (~1676) + (~704) + 3(+90) + 6{=242) ~ 3(0) ~ 3(-295) i} 0 -- 2 G 4 % s
=_2677 kJ mol™ [ time / minute
(i} AH®=48H [COg)] + 12AH% [HO()] + 9AHS; MNa(e)l {! mark for answer; | mark for warking shown on the graph)
— (GAH{CHNENH ()] + SAH{N2O4(1)]) Working on graph: cither the two doiled lines OR only the solid line but take
= 4(~394) + 12(~242) — 4(+53) - 5(~20) ] note that cannot exceed the indicated region,
=-4592 kJ molt 1] If all fincs are drawn with intersection, even beyond the region. aceept as
() Any ONE of the following: {1} correct.
1. glc(zl:ncc:‘ :1}2;22;;20 r;ar::l::‘ly upon ignition. The take-ofY of the shuttle and (i) No, of moles of ZnO(s)used = 3_172 =921 x 103 -
2. The solid propeliant has  high power density, i.e. enexgy lberated Per unit mass No. of moles of H*(aq) present = 1,1 X 25 X 1077 = 2.75 x 10~2
is great, » ZnO(s) s the limiting reactant. ’
(d)  The cryogenic mixture acts as reacls in the Hx-O fuel cell. The chemical processes Heat libernted = 25,0 X 4.2 X 7.4 = 0,777 k} {11
involved are: For reaction (1), molar enthalpy change
Anode: 2Ha(g) + 40H(aq) ~—~ 4H0(0 +de- %4} 0.777 e
_ = e = —B4.4 kf (ol ")
Cathode: Ox(g) +2H0(ly + de —= 4OH (aq) [%1 9.21 x 103 {1}
Overall: 2Hs(g) + Oafg) ~— 2HLO() n {Acceptable range: —83.2 to -85.5 kJ)
(e) ::;3:5:22(.1) reacts with N2O(1} on contact. The propulsion can easily be started {1} [ 2nGs) + % 0,(8) — Zn0(s) i
AH{ZnO(s)] = AB(2) — AFK1) + AH{H0(1)]
=—49 ~(~84.4) -+ (-286) in
=-~250.6 kJ mol™! [
(Acceptable range: —252 to ~250 kJ mol™)
231 232
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ALI3(ID_09 (modified)

(a) TFrom the graph, the volume ratio of NaOH(ag) : CCLCOA(ag for complete
neutralization =25.5 : 24.5
(Accept velume ratio from 25.4 : 24.616 25.6 : 24.4)
No. of moles of NaOH (or CCLCO2H} used
= 1.02 x 25 x 1073
Maximun zise in temperature = 7.1 °C {Accceptable range: 7.0 10 7.2}
Heat liberated = 50 X 4.2 x 7.1

SOx4Zx71

TOZ X 255X 103
(Acceptable range: ~59.0 to —55.0)

(b)  The enthalpy change of neulralizalion of CChLCOH{aq) by NaOH{aq) is more
negative (nmore cxothermic) than that of CHyCO2H(aq) by NaOFi(aq), i.e. CCLiCOH
is & stronger acid that CH;COH.

AH = ~57.3 k moi™?

Part of the heat is absorbed for complete ionization of CH3CO;H,
DSEILSP_05
@ I

thennometer

calorimeter

(1 mark for an alcoho! famp containiog some ethanol; | mark for a calorimeter
conaining same water.)
(b)  Heatrcleased =200 x 4.2 X 6 = 5040 J = 5.04 ki
Moles of CoH0H(D bumt
0,185
TZ0%2+ 10X 6+ 16.0)
Enthalpy change of combustion of CzHsOH(Y)
~5.04
4.02%x 1073
(&) No heat loss to the swroundings
OR, The ethanol undergoes complete combustion

=462 x 10~2

= ~1254 kf mol~*
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DSE[2PP_067

@

)

DSE(2_08

(@)
&

)

@

(i)

)

(i)

Moles

Heat li

3.0
of Cad(s)used = ST 0.053
beraled = 53 X 4.2 X (46,7 — 28.2) = 4118] = 4,118k}

—4.118

AH = ——— = 770 k] mol™

0.053

(Acceptable range: ~72.6 to ~77.0 ki mol™)

Any O
- PP

NE of the following:
is not a perfect heat insulator; heat is lost to the surroundings.

- Some CaO(s) may have reacted with 201} in air.
{Accept other reasonsble answers.)

(3 Any THREE of the following (at least } mark should be allocated to
each part):

ag -

PP is a poor conductor of heat, Using PP container to hold CaO(s)
will protect hands for skin bums,

PP can withsisnd the high temperature caused by the reaction of
CaOfs) with H001),

Compounds of Al are non-toxic. They will not causs food poisoning.
Al is a good conductor of heat. The heat liberatedt from the reaction
of CaO(s) with HaO(l) can readily be transmifted {0 the coffee
bevernge.

Aluminium is covered by u layer of unteactive AL:Ox(s), which
prevents the melal from corrosion.

(Accepl other reasonable answers.)
The reaction of Cal(s) and HaO(l) is higholy exothermic, and CaO(s) is an
inexpensive material.
{Accept other reasonable answers.)

€01 gas produced makes the bread rise / spongy / soft,

1
KHOO(8) — SKoCO0,(8) + SH00) + 5C02(8)

@

q= 275X 43 X {258~ 20.2) = 662.2] = 0.6622 K]

+0.6622

&H =

391 +1 +‘12 +16%x3

= +19,6 kJ mol? 7 +19.55 k) mot™ £ +19.5 kI mol™

If the

candidate omitted the “+" gign for the positive numbers, and the

numerical answers are correct, deduct 1 mark only.
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r— r— ¢ & — — [—

ii
@ pn=196- (-194 x%)
=+44.15 kI mol™!  (Accopt +44.1 to +44.2 kJ mol )
If the eandidate omitted the “+” sign for the positive numbers, and the
numerical answers are covrect, deduet 1 mark anly,
@ o

1
AH = 5 [-1146 — 394 — 286 ~ (—959 X 2)] = +46 k] mol~?

If the candidate omitted the “+” sign for the positive nmmbers, and the
numerical answers are correct, deduct 1 mark only

(i)  Notperforming the cxperiment in standard conditions. / Heat transfor with the
surroundings, / The heal capacity of the container was neglected,

DSEI4_06
(® (i) The enthalpy change when one mole of a compound {substance / octane)
burns completely under standard canditions 725 °C and I atm,

25
Callgp(D) + "i‘oz(g) —— BCO(g) + 9H,0()

(The equation shoud have correet state symbols)
[ ()] Catalytic converter
(i AH®=2(-394) - 2(-110.5) - 2(90.3)
==T47.6 kI ot~ (the answer should have correct sign and unit)

DSEL5 08
@ G
[CY R Covalent bond(s) broken C-H and 0=0

Covalent bond(s) formed C=0 snd O-H
(i}  (The total) Bnergy refeased in the bond forming process is larger than (the
total) energy absorbed in the bond breaking process.
(i) AH° = AHM{COx{g)] + 28HFH0(1)] ~ AH*{CHa(g)]
={-393.5) + 2(-285.9) ~ (-74.8)
=-~890.5 kI mol~!
(©) - Natural gas burns (imore) completely but coal does not. /
Burning coal would produce soot / earbon monexide but burning natural gas
would not.
- Compared with natural gas, coal contains more impuritics. /
Bursing coal would praduce more pollutant, such as S0;, metal compound dust,
NO». {If the answer mentions pollutants, the answer should have 2 correct
example of pollutant. NOT accept CO, soot,)
(Accept natural gas or methanc in the answer only. NOT aceept other gascous fliel
such as LPG)
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DSEI6_07

@

Canstant pressire
Do not accept answers ke “1 atm™, “1 atm and 25°C".

(b)  Itis very difficult for Mg(s), C(s) and O:(g) to react directly to form MgCOs(s).
OR, MgCOi(s) cannot be formed from its efements,
OR, MgCOs(s) cannot be formed directly.
OR, There wilf be side products. / MgQ will be formed, / COz will be formed.
{c) (O  Heat loss to surrounding. / PS cup absorbs heat. / Thermomeler absorbs heat
(i) No, because insoluble CaSO4 will be fornted, {and the reaction is stopped),
@ Mg + @ + S0, — g0,
y—50=-467-394 - 286
=-1097 kJ mof™!
DSEIT 07
(#)  Thereaction botween carbon and hydrogen does not only give ethyne. / There will be
side reactions / side products will be formed.
Carbon and hydrogen gas have no reaction af room conditions,
(b)  The total enthalpy change of a chemical reaction Is independent of the pathway
between the initial and final states.
©  ©

AHp [CHa(g))

2C(graphile)(s)  +.  Hy(z)
1
2AH {C(grmphite)} A}Llﬂz(g)lxioz(g) AR[CHA)]
5
+ 'i'()](g)

+20,(8)
2000y + HO(

CHye

@iy () 298K /25°Cand!atm/101KkPa/ 101325 Nm™
(1} AH*{CiHi(g)]= 2 X (—394) + (—286) — (~1300)
= 4226 k] mol™*
Correct Unit. MUST show the positive sign.
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DSE18_06
@
D
(i
® G
@)
DSEIS 08
{2)
ORI

6COAg) + GHO() — CeHuOs(s) + 60Ag) [}
AH = ~1276 — 6 X (=394 — 286) = +2806 k| mol ! 12
(Do not accept +2800, 42810 kJ mot™

Light / solar energy changes to chemical energy. 41
Lot C be the heat capacity of he calorimeter,

—-715x1§s;._—(:x185 (1) (]
AHX%%:—CX 258 (2) i
AF = ~4826.8 k] mol )]
(Accept —4823 to 4831,1)

Incamplele combustion / soime methanol or heplans evaporates, i

[1}

Drawing 2 best-fit slant siraight fines to show how to obtain the possible

maximun temperature using the volume of NaOH(aq} (58.0 em?),

No. of moles of NaOH(aq) used = 1,8 % (58.0 + 1000) = 0,058 (mol) fn

** At equivalent point, no, of moles of NaOH({aq) used = No. of moles of

HCH{uq) rencied

*. No. of moles of HCl(aq) reacted = 0,058 (mol)
Concentration of HCl(aq) = 0.058 + (42.0 < 1000) = 1.38 mol dm™ n
OR 13RIM
237
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DSE20_05

DSE20_07

(i)  PEnergy released during the reaction = i
1000 x 1,0 x 4,18 x (33,1 - 25.5) = 3176.8 }
Enthalpy change of neutralisation =
31768 + (0.058 x 1000) = ~54.77 (k¥ mol™) m
OR -54.7721 ~354.8 (kI mol")
OR  Energy released during the veaction
= 1008 x 1.0 X 4,18 X (33,1 ~25.5) =3177J
Enthalpy change of steulralisation
=-3177 +{0.058 x 1000} = —54.776 (kJ moi™)
OR -54.78 (kI mol™Y)
The enthalpy change when an acid solation and a base / an alkali solution react {1}
together under standard conditions (o produce 1 mole of water.

5. (@ Carboxyl (group) / ~COH (group) / ~COOH (group) =GO ¥ LOMF
(Nt aceept: scld £ aikanoie scid / organic acl ¥ COOH~ 2 CHO £ HO:CORCIRCGH
sarboxylicucid groups

o) ) HOwCCHzCH;CO;H[HOQCCH}CH~ 5K

1
8]
iy « The enthal px change when solutions of an a¢id and analkali /a has; react together / i

to produce 1 £

aitrafise ander standard conditions |
(Aceept 25’!5 (298K} and ong atrmosphieric
. As indicated in the equation, the reaction

uces 2 moles of watcr, “hence v/ 1
zepresents the standard enthalpy change of ncufralisation.

TAsoeni: Nounity

{iz) Less uegativc (h:m -573% mol" i

;i&woegi absarh energy iy
(Not sooegt: dissocmiel

7. (@) * Puta i
. Ammonia/ N}{; gas dlssolves in water to give QH- ions / i
paper 1o blve /oft Paser 6 blE

aper Tue
+ Putaglass vod with Sone. HCT/ HCHE) wear the motih of the comical flask (0
+  After reaction, (dense) white fumes eo :  is formed; )
«  Bxliveribe pasp s in oH meter to mensure the
forrged: —
* Anmi ) onin £ NHs gas dissolves in water 10 give OB fons / an alkaline sofution with (1)
pHz )

(b) Alkali is 2 water soluble substance reacts with an acid to give salt and water only. 1

¥ Allealf is a substance whsn dissolved in water (o give as the oaly anion
FATkalt {3 u soluble basethat reacts with an acidio g(\zﬁ%@ only, —
(Notaccept: alkali 7egcts wilb aeid 10 give salt and water paly)

[Not accept: alkalis ote water sofoble base)
(Mot accept-alkali is a soludon with FOI] higher than 1113

(©) () Ba() + 9H(g) + 50x(g) —» Ba(OH): « BH:0(s) AHp = ~3345 kJ mol™! I
#Hale)+ GHtg) + S0ul8) > Ba(OHY « RH) AR = 3388 %3 mot Tk
{Not aucept Bafs) + 93+ 5S0:3} =3 BatQH) « SELO(S) . &M 50}
(Correct shute svmbiols and ariti '

(i) AHP=(-859) + 10x(-286) + 2x(-46) - (-3345) - 2(-314) 1*
=+162 kI mol~' {Showeg ot}
{Accept: +1620%7 mol )
(ot gocepts “Wrong dnit’

ssing bnits, e phissipnd sley






