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1. Chloroethene, CH,=CHCI, is prepared in the presence of a solid catalyst using the equilibrium

reaction below. WW,\/W/)

CH,CICH,Cl(g) = CH,=CHCl(g) + HCl(g) AH=+51kJ mol '

Which change would result in an increased equilibrium yield of chloroethene? )
L, l he Ui Jorsr 'S M

A increasing the pressure

rrovm
"B~ increasing the surface area of the catalyst™ {k ﬂO(( W W
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@ increasing the temperature -\ v W
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2. Which statement(s) is/are correct when a catalyst is added to a system in dynamic equilibrium?
1  The rates of the forward and reverse reactions increase by the same amount. |/
2  The concentrations of the reactants and products do not change. ,/
l A & @ —pat 3C “r D

3 The value of K increases. 2><

A 1,2and3

3
B Only1and2 I(C - Eg;ig?l
C Only2and3 Cﬁl [:6_8
D Only1

Your answer 6 [1]
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3. Methanol, CH30H, can be made industrially by the reaction of carbon monoxide with hydrogen, as
shown in equilibrium 1.

CO(g) + 2H,(g) = CH,OH(g) AH=-91kJmoal™ Equilibrium 1

(a) Predict the conditions of pressure and temperature that would give the maximum equilibrium
yield of CH,OH in equilibrium 1. "

Explain your answer. ww M
R.ishk, Jond o Side. hos . feugx.. gasq:us ?ft’i
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... [3]
(b) A catalystis used in the production of methanol in equilibrium 1.

State two ways that the use of catalysts helps chemical companies to make their processes
more sustainable and less harmful to the environment.
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(c) Standard entropy values are given below.

Substance CO(g) H,(g) CH,OH(g)
s°1JK T mol™ 198 131 238

A chemist proposed producing methanol at 525K using equilibrium 1.

Explain, with a calculation, whether the production of methanol is feasible at 525K.

AS=..288. =128 2 (2x)3\)).2 m222 s imd T

,_,5..:_.9.:.,2.272:...t_g,\.}k.ﬁ.".m“"
AG.7. %~ TAS...

AG = -a\. .- (5 Z,Sx - O. 232) 25 55

Nk 5o 08 AG SO

.. [5]

(d) At 298K, the free energy change, AG, for the production of methanol in equilibrium 1 is
-2.48 x 10*Jmoal™.

\nke = L&
AG s linked to K, by the relationship: AG = -=RT InK,,. ¢ - 2T
R = gas constant a
T = temperature in K. \nkp = 2-4¥ %X\0
Calculate Kp for equilibrium 1 at 298 K. -8.34 x223
Give your answer to 3 significant figures. =\0. 0O\

-\3. 0\

Lp= e = 2.22x\0%

p (cH;0W)
ke = pleo)xplv,

RN A 'lQ units a.\-m .. [3]
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4. The equilibrium constant Kp and temperature T (in K) are linked by the mathematical relationship
shown in equation 5.1 (R = Gas constant in Jmol~'K™! and AH is enthalpy change in Jmol™).
InK, = _AH 1 L AS Equation 5.1
P R T &
S WM x99 A C
a) The table shows the values of K at different temperatures for an equilibrium.

3 Y 1 -
Complete the table by adding the missing values of T and In Kp. le PP WB

Temperature, T/K 400 500 600 700 800
Kp 13.00 x 10%8 5.86 x 1045 1.83 x 1037 1.46 x 1031 1.14 x 1026
1 _ ” o =~
T/K! 250 X107 | 5 aowey® | 1.67x00°3 | ). 43x1073| .25 x1073|3S€.
o2
InkK, 135 L\es | 8. |z &0 ool
2]

(b) State and explain how increasing the temperature affects the position of this equilibrium and

whether the forward reaction is exothermic or endothermic. ASPOMWWAESr higlhar ol lep
ROMROIRI SO PN U\

A
Lavhlboaum.. posiion .. Shi B4R Fo Yre  \epk . [Sweud rod@nt

A2 mnen@kant e RQaRa. AR eaulilohlNn.. paSKMON......... [1]
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(c) Plotagraph of In Kp against 7 using the axes provided on the opposite page. ‘

Use your graph and equation 5.1 to determine AH, in kJmol™, for this equilibrium.

Give your answer to 3 significant figures.

DY _srikz.88% E’l.—_ ol .1
bx b _
-OH = 475085 .1\ 42 jna”!
DM =-475.085 ywoh™!
AH= T & 1S kJmol~! [4]
(d) Explain how AS could be calculated frzm Sa graph of In Kp against —;—_ ;
e SRCTU G, D e e U —
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