Equilibrium Review

Sulfuric acid, H2SOq, is made industrially by the Contact process. This reaction is an
example of a dynamic equilibrium:

2802qy + O2g 2802q) AH =- 98 K:Jmo!'1
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(a) State two features of a reaction with a dynamic equilibrium.
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(b) State and explain what happens to the equilibrium position of this reaction as; ¢« te o F ,
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ii1) Suggest the optimum conditions for the Contact process
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(¢) () The conditions used for the Contact process are a temperature of 450°C to
600°C and a pressure of around 10 atmospheres.
Explain why the optimum conditions are not used.

i{mp. fq (Dmpr‘om‘,éa > rc.;-.(lmul lo(l‘wmn r‘aﬁz. anik CoAv ersyiaa,

ﬁt low "(MP Vke. ('c\t(__ :) {TDU 5'ow.

Pee 3sveR. T A Companmyse is reached bihvea  (osk and (oA 5304

C:Ju\.j& - Q (q‘ﬂlj_s{' 1> woed b speed ve bhe cak eF (onvtrsion Sp
that b 95 Gond Q'F[’“‘"‘."e] bo Worl‘\ % PN Presivee -




(if) Vanadium (v) oxide is used as a catalyst. What effect does this have on
the conversion of SO,(g) into SOx(g).
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(iii) At least three catalyst chambers are used to ensure maximum conversion
of SO(g). The conversion yield can exceed 98%. State two advantages
of this high conversion rate.

MOF{ (_obk 'Q-F-?QL'\{A‘]'_ Co\ht’l. NO\VLLQ,_s U‘\-& C\Mo\,,\{
0‘\: 509\ POHV\.UW’L

Ceverde NHLL:OA)

€ llv &l\j



Le Chatelier’s Principle

Hydrogen and lodine react according to the equation:

Hag) + kg 2Hly  AH= + 530 Kimol

(a) State Le Chatelier’s principle wWhena o s shtn 1 dunsens .
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(b) Use Le Chatelier's principle to predict what happens to the position of the
equilibrium when:

(i) the temperature is increased
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(ii) the pressure is increased
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Justify each of your predictions.

(c) Write an expression for K, for the equilibrium. State the units, if any.

hc_ = E'H'"_[T_lg\
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Writing expressions for K.

For each of the following reactions, write an expression for K. Assuming that the
units of concentration are mol dm™ , work out the units for K, in each case. If there are
no units, state this.

1. 2HBr(g) — Hy(g) + Bra(g)

2. NHg) —> 3Ea(e) + Nalg)

3. 2NO{g) + Oixg) > 2NOi(g)

4. 4PFs(g) >  Pudg) T 10F:(e)

5. 2NO(g) Na(g) + Oa(g)

N

6.  CH,0H() + CHiCOOH() —» CH;COOGHs(l) + H0()

Look at all the examples in which K has no units. What do all these reactions have in
common? o '



Whriting expressions for K.

For each of the following reactions, write an expression for K.. Assuming that the
units of concentration are mol dm” , work out the units for K, in each case. If there are

1no units, state this.
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CH:OH() + CHiCOOH(D) —— CH,COOGHs() + H,0(0)
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Look at all the examples in which K has no units. What do all these reactions have in
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Looking at K. Values

1. Consider the equilibrium:
CH3;COOH(aq) + CH3CHzOH(aq) <> CH3COOCH,CHs(aq) + HoO(!)

a) Write an expression for K for the esterification process.

k. = [Ccoo CHo e \(1,0)
[t cool ) [(CHa CHp ON

b) Wirite an expression for K. for the hydrolysis process.

ko' = (i ool N CHs Ot OH
(CHs, CoOCHy CHa N0

¢) The K; value for the esterification reaction is 4.0 at 298K.
What is the K; for the hydrolysis reaction at 298K?

Vi |
d) Why is it important to quote the temperature?
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2. Use the data below to answer the questions which follow:

example Kcat 298K
Ha(g) + lx(g) < 2Hi(g) 794
Ha(g) + CO4(g) < H0(g) + CO(g) 1.00 x 10°
N2(g) + Ox(g) < 2NO(g) 4x10™
NoO4(g) < 2NOs(g) 0.05 mol dm™
a) The equilibrium position depends on the value of K,
i) For which of these reactions does the equilibrium lie furthest to the
left? '
= Mo+ 09 = QN0
ii) Where does this reaction take place?

Afrasphane.

b) What is the K value, and units, for the reaction: 2NO,(g) < N2O4(g) at

298K
/ _
6 05 oL~ dm?




The effect of Temperature on K,

3. Ha(g) + l2(9) < 2HI(g)
The K; values for this reaction at four different temperatures are shown below:
temperature/K K.
298 794
500 160
700 54
1100 - 25

Ha(g) + CO2(g) <> H20(g) + CO(g)

The K. values for this reaction at four different temperatures are shown below:

temperature/K Ke
298 1.00 x 10
500 7.76 x10°
800 2.88 x 10~
900 6.03 x 10°°

a) For which of these reactions is the forward reaction endothermic?
Explain your answer
YF; It y) (o h >ty ¥
J- gt e
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b) Sketch graphs in the boxes below to show the change in K. with temperature for
i) an exothermic
i) an endothermic reaction.

Label the axes

i} exothermic ii) endothermic
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Kc Calculations

Calculating K. values from equilibrium concentrations
1. Equilibrium was established at 308K for the system:
CO(g) + Brg) —>  COBr(g)

Analysis of the mixture gave the followmg concentration values:
[CO(g)] = 8.78 x 10 mol dm'3
[Bra(g)] 4.90 x 10”° mol dm

[COBry(g)] = 3.40 x 10° mol dm™ F4-0 Mf{aémh

Calculate the value of the equilibrium constant.

1

2. At250°C, equilibrium for the following system was established:
PCIi(g) = PCL{g) + Cl(g)

Analysis of the mixture showed that

[PCls(g)] = 1.50 x 10" mo! dm™

CT I e -

Ejalcfl(lizt]a the value of the e;(uilibnptllzl cgilstant. o149 [ nol dhna ,
gal;giattﬁnelge :;I?ggllj];nb:rmm concentration from Ke kc 3 [Pag @D CCQ, @

PCl(g) =% PCh(®) + Ch(e) - Croas)]

K = 0.19 mol dm™ at 250°C. @'?ﬁj ke % EP%@_]

One equlhbnum mixture at this temperature contains PCls at a concentratlon [ms@j
of 0.20 mol dm™ and PCl; at a concentration of 0.010 mol dm™.

-3
Calculate the concentration of the chlorine in this mixture. 3 -¥ rrol d’l"’\
4. For the equilibrium:
2HaS(g) = 2Hx(g) + Sig) [H 2@5] = ke )c[ﬂLSjZ
it s
K, = 2.25 x 10™ mol dm™ at 1400K. [Sg ﬁﬂ
In an equilibrium mixture, ; ; .
[HaS(g)) = 4.84 x 10” mol dm™ and . -3 z
[Sx(g)] = 233x%10° mol dm™ | 5000~ ynd dan,

Calculate the equilibrium concentration of hydrogen.
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Calcunlating K, values from equilibrinm numbers of moles

5. Some phosphorus (V) chloride was heated to 250°C in a sealed container until
equilibrium was reached according to the following equation.

C SN[

Fooat) PCle) = POk *+ Ch(®
-2
alysis of the mixture showed that it contained 0.0042 mol of PCls(g),
_ 0190 ot 0.040 mol of PCls(g) and 0.040 mol of Cly(g). The total volume was 2.0 dmt’,
- Calculate the concentration of each component and hence determine K.

e =

6. At 250°C, in another equilibrium mixture of the reaction

0! q 0.%pri(e) == PCh(e) + ChL)
<7 in 2 2.0 dm’ vessel, there is 0.15 mol of PCl;(g) and 0.090 mol of Clx(g)-
' O,oq_—(ch = 0.19 mol dm> at 250°C. .
9 = CO,Q'-—E}C"Z' Calculate the number of moles of PCls(g) present at equilibrium.
= =0, = 0 -035%

013, ,
o o 7% The table below shows the composition of two equilibrium mixtures at 485°C.

Mixture No. of moles No. of moles No. of moles
of Ha(g) of I(g) of HI(g)
1 0.02265 0.02840 0.1715
2 0.01699 0.04057 0.1779

a) Write the equation for the formation of hydrogen iodide from hydrogen
and iodine. H»Lq) + I;_,ij) —_— 2HA tg)

b) Write an expression for the equilibrium constant, K.
c) For mixture 1, calculate a valug for the equilibriym constant, assuming ;
that the total volume i. il o Ys-F2 o UnkT

d) For mixture 2, calculate a value for the equilibrium constant, assuming
that the total volume is wld  CamceA, $5- 4| A S,

8. This question concerns the equilibrium system

C,H:OH() + CH,COOH() =% CHCOOGHsD + H,0()

. 0
L\ 66) Ke = 4.0at25°C
,Qq—é,—@——’;)‘ In a particular experiment, 0.33 mol of CH;COOH(), 0.66 mo! of

533 (ol cp1,CO0CHs(l) and 0.6 mol of F;0(1) are found to be present, Assuming
that the total volume is dm’, calculate the number of moles of C;HsOH(1)

E;Lfab’,])" P i@i@;@resent. < { Q.33

L+ "0 Are there any situations where numbers of moles can be used to calculate
03 3 K. without having to be converted to concentrations first?
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1. 1 mole of ethanoic acid was added to 0.5 moles of ethanol and left in a stoppered
flask until equilibrium was reached. At equilibrium 0.58 moles of ethanoic acid were

left. Calculate Ke for the reaction:

CH,COOH(l) + CH;CH,OH(l) » CH:COOCH,CH;(l) + H0(1)

(i)Initial moles | 05 'S, O
+ N2 .
0% —JoG2 o + )02
¢
(i)Eqm moles O O 0OL o 4L ol

(iii) Write down the concentrations at equilibrium in moldm™: assume the total volume

is Vdm®

CH,cooH®) O 5S¢ CH;CH,0H() Q_;g?_@f
Vv vV’
CH;COOCHCH:() o .42 LoW O-%2
———— 7
Vv

(iv) Write the expression for Kc
L. - [Cotpcach.che) [(+a0]
(ot J (Ot i 0f ]

(v) Use the values in (iii) to calculate Kc and give its unifs

04 x 9z
o e
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2, 24.0g of ethanoic acid was added to 13.8g of ethanol and left in a stoppered flask
until equilibrium was reached. At equilibrium 20.0g of ethyl ethanoate were produced

Calculate Kc for the reaction:
CH,COOH(l) + CH;CH,OH(l) = CH;COOCH,CHy(l) + HxO()

(i) Calculate the moles of each substance using the mass provided and Mr:
CH,COOH(l 24.-0 , CH;CH,OH(1 13 O
3 M ‘.%-—-" = 0% sCH,OH() S\ 7 - 03
60 H6

CH;COOCH,CHa(1) - 0'22F

20 0.
SR
CH,COOH(I) + CHyCH,0H(1) > CH;COOCH,CH; (1) + H20()

(i)Initial moles o o> O O

- o2 ¥ #lo2F  to&F

(i))Eqm moles g1 001 O 22F 022 F

(ifi) Write down the concentrations at equilibrinm in moldm: assume the total volume

is Vdm®

CH,COOH®) O 1% CH:CH,OH(I) 0 OF2 :
3 —--“',.\"/“‘ 3 2 _____\7.__-—-— ._. . \/VVM“

CH;COOCH,CHs(1) O 22F Lo @ 227+ (ou 925 .

it <o

v v’
(iv) Write the expression for Kc
” (chty o0 CthCHLT L ol]]
C/ =

(Cty oot () [CARCHOM @]

(v) Use the values in (iii) to calculate Kc and give its units
o1k =< 027"
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3. 417g of PCls vapour was heated in a vessel of volume 70dm? at S00K. At equilibrium
85.2g of Cl; were present. Calculate e for the reaction:

PCls(g) >  PClig) + Ch(g)

substance from the masses provided:

(i) Calculate the moles of each
PCls ,ﬁli" _ 2 a, §52 = 1-2
2085 F
PCls(g) > PChig) + Cha(g)
(ii)Initial moles 7 o O
(iii)Eqm moles 0" g ] - | - 2
. ' . —_ f T 2— — ' 0
(iv)Eqm concs ,Q-—g- =0 0% .-!--2:' < 006 —I——"' =0 6
20 20 20

(iv) Write the expres;iOJt for Kc I(C ~ E M j ,
) [ Fls Cﬂﬂ

(v) Use the values in (iii) to calculate Kc and give its units _
O oY
_ 009 #a dw
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4. 2g of H, and 254g of I, vapour were heated ina vessel of volume 5 dm’ at 600K. At
equilibrium 204.8g of HI were present. Calculate Kc for the reaction: '
Hag) + k(g > 2HI(p)

(i) Calculate the moles of each substance using the masses provided and the M,:

he L = n@ 25¢ = |
> | ok

HE 243 - [-b
128
Hag) + k(g » 2HIE)

(if)nitial moles I | 0
)_l-_@; -)L-_.b. -6
> z.
|-G

(4, oy - noles O ' 2 O )3
. o2 o2 b

ok v wll el ot 57
(iv) Write the ex;,  “on for Kc 2
| G’y

Vo = UHOZ

el

(v} Use the values i (iii) to calculate Kc and give IS units

e = LY C b novists
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Equilibria Examination Questions Answers

Mé EQ30E

Question Expected Answers Marks
1 (a) . = LCH:CO0CzHs] [H:0]
¢~ [CH3COOH] [C;Hs0H]
_| award 1 mark if upside down [2]
(b) (i)
CH3COOH C:HsOH | CHZCOOC;Hs H20
6.0 2.5 0 0
1 75 5 5
S—" "
v v [21
(i) 5x5 )
K. = 1x75 - 3.3 v no units v’ 2]
(or ecf based on answers to (i) and/or (a))
(c) leave experiment longer v°
monitor compositions and repeat until constant value v
[2]
(d) (I) more CH3COOCQH5 & H,0 / less CH3COOH & CszOH v
[2]
equilibrium —> right v AW
(if) | K. stays same v/ [1]
(e} stays the same/
catalyst does not shift equilibrium position ¥/
forward & reverse reactions altered by same amount/
equilibrium achieved in less time v/ [2]
® () | equilibrium— left v’
more reactants / less products v/ [2]
(ii) | forward reaction is exothermic v/ [1]

Total: 16
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Question

Expected Answers

Marks

2 (a)

(i)

(i)

(iif)

2
K. = [_I\%)éﬁ v award 1 mark if upside down

Ko expression worth 1 mark

Equil — ieft because K. is very small

-_INOP (a0 x10y2
040l xR = 11x48x10° 7

= 0.30 mol dm™3v (calculator: 0.303030303)

answer given to 2 sig figsv’

3.3 v'v (upside down) calc: 3.3

7.6 x 10" v'v (missing out ?) calc: 7.5757.. ..

0.37 vv _‘51.1 on top}) cale: 0.366666..

5.2x10™ v'v ('4' values swapped) calc: 5.236363. x 104

2]

1]

[3]

(b)

| (iii)

0]
(i)

AHis +ve v’

equilibrium moves to the right to compensate for increase in
temperature/to lower the temperature / to minimise the
change v

increase in proportion of NO v/

‘because K, increases

Can be linked to sither increased proportion of NO or
enthalpy change v

2NO + O; — 2NO, vv’
Species comrect for 1st mark
‘simplest’ balanced equation for 2nd mark
NO +',0, —s NO, also gets both marks
N.Oy, is fine
NO; for 1st mark

[4]

[2]







Final Mark Schemae
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(c)

Optimum Pressure
low pressure v’
fewer gaseous moiles on left v
Optimum Temperature
optimum: low temperature v’
forward reaction is exothermic v’

Reason mark can only be awarded if the condition mark is
correct.

Condition mark is independent

1000°C used to increase rate with more energetic collisions
OR so that a greater proportion of molecules exceed
activation energy v’

10 atm used to increase rate by increasing concentration OR
increasing collisons v’

Catalyst used to increase rate by lowering the activation 7]
energy/providing a lower energy route v’
NOT increase equilibrium yield

Quality of written communication: [1]
Recognition of a compromise between rate and equilibrium
amount v’

Total: 20







(a) Forward and reverse reactions at same rate v

Achievable from either direction v/, requires closed system v~

concentrations of reactants and products are constant v
max;: {2]

(b) (i)

Ke [00(9)49)‘]—2] [Ha{g) ] 1 mark for top; 1 mark for bottom

[2]
(i)
) (2.6 x 1075)
Ke = BAx10° 2.4x 1027

v =146 v (dm® mol?)
[2]
(c) () Why did the equilibrium move to the right

fewer molecules on right v*
reaction relieves increase in pressure v~

[21
(iiy What is the effect, if any, on K,

K, stays same v/

[1]
(ili) Rate changes
Rate increases v
Increased collisions/more concentrated v
Rates initially forward faster than reverse v’
At equil, rates same v

4]
(d) (i) K;decreases so products decreasefreactants increase v~

Therefore equilibrium moves to the left/to endothermic side v*

2nd mark dependent on first.
[2]

(i) AH is negative because of equilibrium change in (i) v
Mark consequential on (j)

[1]






OCR Advanced Subsidiary GCE in Chemistry 2811 June 2002

Unifying concepts

/ = altemative and acceptable answers for the same marking point

; = separates marking points

Abbreviations, NOT = answers which are not worthy of credit

annotations and () = words which are not essential to gain credit

conventions used in

= (underlining) key words which must be used to gain credit

the Mark Scheme —
ecf = error carried forward
AW = alternative wording
ora = or reverse argument
'O [NO@) P
@ ) K= [ N204(g) ] [l

2
(ii) K. = (%%259%) =5.77x10° ¥ moldm® v’ accept 5.76923 t0 5.8 x 107

if no square in (i): {H_g)i((%)f}]- , then ans = 0.384615..v" no units v* (must be stated)

if no square in (i) and inverse: I[ENZ%:{SH , 2.6 ¥ no units v' (must be stated)

(c)

(d)

2]
(b) AH = 2x33)«9) ¥ = (157 ki mo”' ¥
common errors: 57 V'x +24 V' x +75 V' x 24 x

[2]

change more NO./less Ny,O4 v
explanation equilibrium position — right or forwards / K; increases v

reaction is endothermic ‘/

THIS ANSWER IS CONSEQUENTIAL ON SIGN OF THE ANSWER TO (i)

BUT, a candidate interpreting a ‘+’ enthalpy change as ‘exothermic’ (or vice versa) will lose
the 3rd mark but the 2 ‘logic marks’ before are stilf consequentially available.

(3]
1 mol N2O, reacts with 2 mol NaOH v

amount of NaOH required = 0.00930 mol v
volume NaOH = 1000 x 0.0093/0.300 = 31.0 cm®/ 0.0310 dm® v

Common errors

3.1 x 10" (where x is incorrect) v' v x

15.5cm’/0.0155 dm® v v = 1.55 x 10" (where x is incorrect) v xx
62 cm®/0.062 dm® v'v'x 6.2 x 10* (where x is incorrect) v xx [3]
[Total: 11]
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