EQUILIBRIUM

Vapour/Liquid Equilibrium.

Q:1 Two flasks (A and B) each have some water added to them but only B is stoppered.
They are left undisturbed on a bench for a few days. Describe what you might observe at
that time.

(a) (b

Observation: Observation:

Obviously the water in A has evaporated completely while that in B may has partially
evaporated until some kind of equilibrium was established.

An equilibrium can only occur in a closed system (such as B) and is
recognised by the fact that there is no change in macroscopic properties
(ie. no change in concentration/pressure/colour, etc.)

We can express the equilibrium that exists in flask (B) as follows.

Hzo(l) + heat HzO(g)

At equilibrium
(i) the rate of evaporation is equal to
the rate of condensation.

(ii) The vapour pressure is constant.

Q2: This particular equlibrium is affected by ?
Solute/Solution Equilibria.

C12H22011(s) -— ClZHZZOll(aq)
At equilibrium
(i) the rate of dissolving is equal to the rate of
crystallisation.

(i) the mass of excess solute is constant.
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13:

(a) What other quantity would be constant at equilibrium?

(b) State two ways by which this equilibrium system could be upset.
(i) By

(i) By

hemical Equilibrium

The previous examples were physical systems (ie. no chemical reactions were taking place).
A typical chemical system is as follows.

COz(g) % Hz(g) - CO(g) + HzO(g)
Remember, that equilibrium can only exist in a closed system! That is at equilibrium some
of all the species involved in the reaction exist. Also at equilibrium, the forward and reverse
reaction rates are equal.

quilibrium Constant (K)

4:

For any equilibrium reaction, there is an equilibrium constant (K).

K = concentration of the products (at equilibrium)
concentration of the reactants (at equilibrium)

Note: The value of K for a particular reaction can only be affected by 2.

foreg.l. K = [COJH,] = 0.11 (at 400° C)
[CO,][H:0]

Hyg + Iy 2HI

K = _[HIP = 57 (at425°C)
[Ha][L]

What does a large K indicate about a particular reaction?
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Q5: Write K expressions for the following.
Note that solids and liquids do not form part of a K expression.

(@) N:Ou) INOy)
K = (021 at 100° C)
(ii) Ny + 3Hyy ——— 2NH,
K = (0.1 at 470° C)
(i) AgCl, Ag'qp  + Clag
K = (17 x10™ at  25° C)
(IV) CaCO3(S) CaO(S) + COz(g)

K = _ (25x10%at  800° O)

Q6: For the following examples list the predominant species at equilibrium

@) 250, + O 250, K = 85

(id) cC + HO CO, + H, K = 100

(iii) N,O4 2NO, K = 875x107
(iv) N, + 3H, 2NH, K = 011

Most predominant species is/are

® (i)

(iif) (iv)

Le Chateliers Principle

Chemical systems that are in equilibrium can be easily affected by a change in conditions
(e.g. pressure/concentration/tempterature).

Le Chateliers principle helps us predict the direction of the change. It can be stated as follows:

If a change in conditions is made to a chemical system in equilibrium, then
the system will adjust in such a way as to partially counteract the change.

Effect of Changing the Concentration

Suppose the concentration of a reactant is increased:

Le Chateliers principle would suggest that a change will take place to partially counteract this.
Hence some of the extra reactant will be consumed in re-establishing equilibrium.
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g3 COsg +  Hy COg+ HO

P

If say COz2 is added to the system when it is at equilibrium, then the system will adjust so
as to favour the forward reaction (right). This will help to partially consume the extra CO2
added.

)7: Predict the favoured reaction direction in the following cases.

System Imposed Direction
Change Favoured
Hy(g) + Iog) e 2HI g increase I e
Ny + 3Hyg —— 2NH3(g) increase NH3
AgCl(g Ag¥ (aq) + Cl'(aq) | increase Ag™
MgCOs(s) MgO() + COyq) | increase MgCO3

2507(g) + Oo(g) 2803(g) decrease O,

2N0(g) decrease NO

Nag) + Oz

iffect of Changing Pressure/Volume.

In equilibrium systems involving gases, changing the volume can alter the pressure and
concentration of all the species.

t.g.4 N 204(g) - ZNOZ(g)

If this system is placed under higher pressure (or volume is reduced) the concentration of

both and will be

The system will readjust to the left as this will help to partially reduce the concentration.

6.5 Nag + Oy - 2NO,
In this case, changing the volume of the system will affect concentrations equally on both

sides. Therefore, there will be no change in equilibrium position (although there will be a
change in reaction rate).
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QS:

Predict the favoured reaction direction in the following cases.
System Volume Direction
Change Favoured
Na) +3Ha T  2NHzg decrease
CaCOgz(s) —— CaOg) + COyy) increase
2580,(g) + Ox(g) 2803(g) increase
u2(g) + I 2HIg decrease
NaCl) S, Na(yq) + Clag) increase

Effect of Changing Temperature.

( Q%

In considering temperature change it is best to include the heat of reaction as part of the
equation. In this way heat can be treated as one of the “species” for the purpose of
determining change in equilibrium. ’

For the reaction 2NO(g) + Oyg) — 2NO,(g)

the heat of reaction (A H) is -113 kJ (ie. an exothermic reaction). Find the effect of
increasing the temperature! Firstly rewrite the equation so as to include the heat of
reaction.

2NOg + Oy INO,, + 113Kkl

An increase in temperature will increase both the forward and reverse reaction rate but the

equilibrium will shift to the left (ie. the extra heat can be consumed and satisfy Le Chateliers
principle).

Predict the favoured reaction direction in the following cases.
System Temperature Direction
Change Favoured
Nyg) + 3Hag) ——= 2NHzp) + 921J decrease
Hyg) + Iy +52k] “— 2Hl, decrease
N2Oyg) + S7KJ ——  2NOyy increase
2505(g) + Ozg) == SO3(g)+ 99K increase
CaCOs(5) + 179 kI T CaOg) + COxyy) decrease L
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ffect of Catalysts.

Catalysts effectively lower the activation energy for a reaction and hence help to increase
both the forward and the reverse reaction rates.
Hence they do not effect equilibrium position.

.eaction Rates and Equilibrium Position.

These two aspects of any reaction should be treated independently although they may be
related. The reaction rate of a reaction may increase but this does not necessarily favour
products (as is often imagined).

redicting Changes to a System - Complex Examples.
Some examples are best answered in tabular form.

.7 The following reaction is at equilibrium.
ZNO(g) + Brz(g) _— ZNOBI'(g)

How would the:

(a) Concentration of all the species

(b) The rates of forward and reverse reactions be affected if
(i) Some NO is added to the system
(i) The concentration of Brygy) is reduced.
(iii) The pressure of the whole system is increased.

Imposed Change NO] [Brz] NOBr] | RRate Rate
Adding NO Increase
Reducing [Brs]
Increasing Pressure
*Hint : For each imposed change consider what the final equilibrium position is tending

to (from Le Chateliers principle).
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Q10: Complete the following table which relates to the reaction shown.

2CO¢y, + Oy —— 2C0y, + 564K
Imposed R/Rate R/Rate [CO2] [02]
Adding CO
Increasing Temperature
Increasing Pressure
Reducing [CO,]

Q11: Add suitable headings to the following table to show how reaction rates and concentration
of species are affected by increasing pressure, adding a catalyst, and removing Hyg).

Cs + HOg — COp+ Hyy

Industrial Processes - Economic Factors.

In many industrial processes, reaction rates (or more specifically - the rate of attainment of
equilibrium) and equilibrium yield are important considerations. The cost of providing

desirable reaction conditions has also to be considered and very often a compromise must
be made.

eg.8 The HABER process.

Ammonia gas is a very valuable industrial chemical and is produced by the following
reaction.

N2(g) + 3H2(g) — 2NH3(g) =g 92 kJ

To maximise yield and minimise cost the following is considered.

(i) Temperature Low temperature gives the best yield, but this yield is achieved
too slowly.

Compromise ~ Temperature 500 C gives an acceptable rate and yield

(i) Pressure - High pressure gives the best yield, however both cost and danger
increase with very high pressures.
Compromise  Pressure of about 350 Atm is used.

.o . . . / .
(iii) Catalyst An iron/iron oxide catalyst has been found to increase rate of
reaction.
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We can summarise the factors involved in the HABER process as follows

(please complete).

Variable

Conditions

R/Rate

% Yield

Conditions
Used .

Temperature ~ High

Low

fast
slow

Pressure

High
Low

Catalyst

Yes
No

2:12 One of the reactions involved in the contact process for the manufacture of Sulfuric acid
is as follows.

280y

Oz(g) —

198 kJ

Complete the table below to indicate the likely conditions that may be used to maximise the

economic recovery of SO3(g)

Variable

Conditions

R/Rate

% Yield

Conditions
Used

Temperature High

Low

fast
slow

Pressure

High
Low

Catalyst

Yes
No
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TRY THESE.

1.  Ethane reacts with oxygen very slowly under normal conditons of temperature and pressure.

2(:2}{6(g) + 70, _— 4CO2(g) + 6H20(g)

Suggest three ways by which the rate of reaction could be increased.

2.  Some Carbon monoxide and Hydrogen gas were placed in a flask and allowed to come to
equilibrium as follows:

COg +  Hygy F— HCHOy,
While at equilibrium a very small amount of CO, labelled with radioactive carbon (C14), was
added. The amount added was so small as to not significantly alter the CO partial pressure.

Several hours later (with the system still in equilibrium) some HCHO was removed and
found to be contaminated with C™". Explain clearly how this is possible.

C+D

3

Potential Energy
&

8

Reaction Co-ordinate
An energy profile diagram is shown above for the reaction
A + B et cC + D

(a) For the forward reaction determine
(i) The activation energy
(ii) The heat of reaction
(iii) What type of reaction it is

(b) For the reverse reaction determine
(i) The activation energy
(ii) The heat of reaction

(¢c) (i) Draw in a possible catalysed pathway.
(i1) How will this affect heat of reaction?

Page 15 Reaction Rate and Equilibrium Academic Associates




Acetic acid, which is a weak acid, ionises as follows.
CH3COOH(aq) — H* (aq) + CHgCOO'(aq)
At equilibrium less than 1% of the acetic acid molecules have ionised and therefore the

concentration of both H™ and CH3COQ ions is very low.

The addition of some NaOH(aq) to the solution increases the concentration of the
CH3COO  (aq) ions dramatically. Why is this?

Methanol gas can be broken down to carbon monoxide and hydrogen as follows:

CH;OHg — —= COg  + 2Hyy

AH =+ 90KkJ
Suggest conditions that would enhance this process.
The following reaction is at equlibrium.
CHyg —+ HOg — 3Hyg +  COg

A H= + 206 kJ

Set up a table to show what happens to reaction rate and concentration of each species
when:

(i) H, gas is partially removed

(i) The temperature is increased

(iii) The volume is reduced

(iv) A catalyst is added.

When CO, dissolves in water the following eciuilibria exist.

Coz(g) + H,O 0] —_— COZ(aCD
. COZ(aq) = HzO(I) —_— HY (aq) + HCO3-(aq)
HCO:{(aq) e H " (aq) + CO;(:C!)

Small amounts of each of the following substances were added (separately) to see the effect
they would have on the apparent solubility of CO2(g) in H20.

(a) NaOH(aq) (b) CH3COOH(aq)
(C) K2C03(S) (d) C&Clz(aq)

Predict the effect in each case and explain.

Acetic acid and Ammonium hydroxide are respectively weak acid and base. Their solutions

conduct electricity poorly. If the two solutions are combined however, they conduct electricity
well! Use equilibrium reactions to explain.
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EQUILIBRIUM

Vapour/Liquid Equilibriam.

Q:1 Two flasks (A and B) each have some water added to them but only B is stoppered.
They are left undisturbed on a bench for a few days. Describe what you might observe at

that time.
(a) (b)
I
Observation: Hy®  eOAlAN7Y) Observation: - ’—L O,\‘,)/l < Hg. 0( 9
( ) L EFSCA) S FLASK s waz,k 18 a4 A
N7 SeALed (cwsg)\ W Ty 78 V Al uk

Obviously the water in A has evaporated completely while that in B may has partially
evaporated until some kind of equilibrium was established.

An equilibrium can only occur in a closed system (such as B) and is
recognised by the fact that there is no change in macroscopic properties
(ie. no change in concentration/pressure/colour, etc.)

We can express the equilibrium that exists in flask (B) as follows.

HZO m + heat HzO(g)

At equilibrium
(i) the rate of evaporation is equal to
the rate of condensation.

(ii) The vapour pressure is constant.

Q2: This particular equlibrium is affected by T PR Tul & ?
Solute/Solution Equilibria.
C12H3,0135 - Ci2H20113aq)

At equilibrium
(i) the rate of dissolving is equal to thé rate of
crystallisation.

(i1) the mass of excess solute is constant.
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23: (a) What other quantity would be constant at equilibrium? L <o ”’”\ O, ]

b) State two ways by which this equilibrium system could be upset.
p
(i) By Decn om,wg [ Cin tha o,‘] 84 MPSC  vture ?JLO Sotven T
7
(i) By /[Relwns, 0t N Jec b e TemlelATud &

‘hemical Equilibrium

The previous examples were physical systems (ie. no chemical reactions were taking place).
A typical chemical system is as follows.

g.l COz(g) + Hz(g) " CO(E) + HzO(g)
Remember, that equilibrium can only exist in a closed system! That is at equilibrium some

of all the species involved in the reaction exist. Also at equilibrium, the forward and reverse
reaction rates are equal.

quilibrium Constant (K)

For any equilibrium reaction, there is an equilibrium constant (X).

K = concentration of the products (at equilibrium)

concentration of the reactants (at equilibrium)

Note: The value of K for a particular reaction can only be affected by Tenlee ATLRE 2.

foregl. K = [COJH,] = 0.11 (at 400° C)
[CO,]IH0]
5.2 Hyg + Iy 2Hl g
K = [H o= 57 (at425°C)
[Ho][1]

What does a large K indicate about a particular reaction?

Qosﬁm\) of FOu A 8w Lt eS Towhnd S THe

{)O-j)wcfs As Z/pwpwc’/’sz = Z/Q(.\C)c‘ra,sfs]
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]
Q5: Write K expressions for the following.
Note that solids and liquids do not form part of a K expression.

(i) N2O4) 2NOyq)
I
K = LNOx]  (021at100°C)
[N, 0 l:,:(
(if) No + 3Hypy 2NHj
<
K = [N (0.1 at 470° C)
(NI HhT*
(m) AgCl(s) S Ag " (a?) + Cl‘(aQ)
Kk = 01/ ] arxo®a 250
(IV) CaCO3(s) CaO(s) = COz(g)

K = [ con ] 25x10%at  800° C)

Q6: For the following examples list the predominaat species at equilibrium

(i) 250, + O

280, K = 28
(i1) cC + HO CO, + H, K = 100
(i) N,O4 2NO;, K = 875x10?
(iv) N, + 3H; 2NH, K = 01
Most predominant species is/are
(i) SO, (i) 0, = Ha
(iii) Na Oy (iv) Na x Ha

Le Chateliers Principle

Chemical systems that are in equilibrium can be easily affected by a change in conditions
(e.g. pressure/concentration/tempterature).

Le Chateliers principle helps us predict the direction of the change. It can be stated as follows:

If a change in conditions is made to a chemical system in equilibrium, then
the system will adjust in such a way as to partially counteract the change.

Effect of Changing the Concentration

Suppose the concentration of a reactant is increased:

Le Chateliers principle would suggest that a change will take place to partially counteract this.
Hence some of the extra reactant will be consumed in re-establishing equilibrium.
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g3 COsy + Hyy T—— COg+ HOgq

If say COz is added to the system when it is at equilibrium, then the system will adjust so

as to favour the forward reaction (right). This will help to partially consume the extra CO2
added.

'7: Predict the favoured reaction direction in the following cases.

System Imposed Direction
Change Favoured

Hy(g) + Ia(g) i 2HI(g) increase I SO
Np) + 3Hye ————  2NH3g, increase NH; P
AgCly o Ag'(aq + Cl(aq| increase Ag* .
MgCO3zis) —— MgOs) + COyp) | increase MgCO3 No ErreeT
2502(5) + Og(y) 2803(g) decrease O, z—-
Na(g) + Og) 2NOgg) decrease go —

iffect of Changing Pressure/Volume.

In equilibrium systems involving gases, changing the volume can alter the pressure and
concentration of all the species.

ng.d N;O4) — 2NOy

If this system is placed under higher pressure (or volume is reduced) the concentration of

both N‘LO“ and 001— will be /QC@HHSJ

The system will readjust to the left as this will help to partially reduce the concentration.

¢.g.5 Nag + Oy ———  2NOg
In this case, changing the volume of the system will affect concentrations equally on both

sides. Therefore, there will be no change in equilibrium position (although there will be a
change in reaction rate).
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' Q8: Predict the favoured reaction direction in the following cases.

System Volume Direction
Change Favoured
Ny +3Hyg T  2NHy decrease _—
CaCO3(S) —'._T_—’CaO(S) + COZ(g) increase —_—
2S0(g) + Oa(g) 2503(g) increase &
12(8) + D) 2HI (g decrease No E7FecT
NaClgs) —  Natgg+ T increase sy ST

Effect of Changing Temperature.

In considering temperature change it is best to include the k-at of reaction as part of the
equation. In this way heat can be treated as one of the “species” for the purpose of
determining change in equilibrium.

B

e.g.6 For the reaction 2NO(g) + Ofg) s 2NO,(g)

the heat of reaction (A H) is -113 kJ (ie. an exothermic reaction). Find the effect of
increasing the temperature! Firstly rewrite the equation so as to include the heat of
reaction.

ZNO(g) + Oz(g) 2N02(g) + 113 k.

An increase in temperature will increase both the forward and reverse reaction rate but the

equilibrium will shift to the left (ie. the extra heat can be consumed and satisfy Le Chateliers
principle).

Q9: Predict the favoured reaction direction in the following cases.

System Temperature " Direction

Change Favoured

Nag) + 3Hpg) —— 2NHs) + 92KJ decrease —_—
Hyg) + Iyg+32k “—= ZHly, decrease &
N2Ou(g) + 57k ——  ZNOyy increase W —
280y(g) + Oz(g) —= SO3(g)+ 99KJ increase é—
CaCOz(5) + 179K T—— CaOgs) + COy(g) decrease L s
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Effect of Catalysts.

Catalysts effectively lower the activation energy for a reaction and hence help to increase
both the forward and the reverse reaction rates.
Hence they do not effect equilibrium position.

Reaction Rates and Equilibrium Position.

These two aspects of any reaction should be treated independently although they may be
related. The reaction rate of a reaction may increase but this does not necessarily favour
products (as is often imagined).

Predicting Changes to a System - Complex Examples.

Some examples are best answered in tabular form.

2.g.7 The following reaction is at equilibrium.

2NO¢,

How would the:

= Bl'z(g)

(a) Concentration of all the species
(b) The rates of forward and reverse reactions be affected if
(i) Some NO is added to the system
(ii)) The concentration of Bryy) is reduced.
(iii) The pressure of the whole system is increased.

A——

2NOBr

| ity
' Imposed Change [NO] [Br2] [NOBr} E[Rz?te ﬁate
Adding NO Increase ﬁe_’cnw se | MPenase | Damase }pét/l Ase
. TN, e ‘
Reducing [Br,] 1N se | I WrSE, ﬁ(.—c_n AsE }Ft—fldﬁ—sg Dkfuﬁse—’
Increasing Pressure Decnvrse | Jecn cose | Metse | 1ocense | Inxaanse
*Hint : For each imposed change consider what the final equilibrium position is tending

to (from Le Chateliers principle).
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" Q10: Complete the following table which relates to the reaction shown.

200y + Oyy T— 200y + 564K
Imposed F/Rate R/Rate [CO2] [02]
Adding CO

Iden e | Intnwse | 10ciwse DF‘-&NQ’S("

Increasing Temperature

LN(R(—&SF /IQCfL(ﬁ's; ﬂe—'c-ﬂ(ﬂ S& /MflleﬁSe’

Increasing Pressure

Incaense | Inenese | Menarse | Decarse

[, Ve v oy W7

Reducing [CO,] Doctse | Deue | MNcamse ¥ Decacsse
Q11: Add suitable headings to the following table to show how reaction rates and concentration
of species are affected by increasing pressure, adding a catalyst, and removing Hy).

Cey + HyOgy —— COg+ Hyy
Jrbos ) F x| R M| Lol | [coT | L]
v - Pl E=2 ~ F'_'-A
;(f\'cn,m 16— /ﬂl‘:&guﬂe/ VNS | nellehse |InChoASE Fecpps (}eutwi
Uree e i
%9)1:6- ”OLO /Mcme/ !Nfcﬂ.oﬁ's; >0(_1"(/),(,.')’51-’ I /AM({)’S{ /tQC/[(,ﬂ’S;
. e her—
APt Co bzt se | e apse| Reawse| Jecnarse| Jectnse

Industrial Processes - E{conomic Factors.

eg.8

In many industrial processes, reaction rates (or more specifically - the rate of attainment of
equilibrium) and equilibrium yield are important considerations. The cost of providing

desirable reaction conditions has also to be considered and very often a compromise must
be made.

The HABER process.

Ammonia gas is a very valuable industrial chemical and is produced by the following
reaction.

Nz(g) + 3H2(g) PE— 2NH3(g) + 92 kJ

To maximise yield and minimise cost the following is considered.
(i) Temperature Low temperature gives the best yield, but this yield is achieved
too slowly.

Compromise  Temperature 500 C gives an acceptable rate and yield

(i) Pressure - High pressure gives the best yield, however both cost and danger
increase with very high pressures.
Compromise  Pressure of about 350 Atm is used.

(iii) Catalyst An iron/iron oxide catalyst has been found to increase rate of
reaction.
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We can summarise the factors involved in the HABER process as follows
(please complete).

Variable R/Rate % Yield Conditions
Conditions Used
Temperature High | Deniase _
LW sflf\; 1IN Ense Carfigtse
€ re W
Pressure High —> ' /seforse Hie u A;,mukg
Low & ﬁr’t—ﬂ A Se
Catalyst Yes FsT Wo FFrecTr / Nons EB75 ‘,75,,
No ~ .

2:12 One of the reactions involved in the contact process for the manufacture of Sulfuric acid
is as follows.

ZSOZ(g) + Oz(g) —— 2803@) + 198 kI

Complete the table below to indicate the likely conditi:)ns that may be used to maximise the
economic recovery of SO3(g)

Variable R/Rate % Yield Conditions
Conditions Used
Temperature High Bt Dreaase s _
{\ s

LOW slow lAC fiens & IﬂLm RES

Pressure High —— ensE Hen
2Ny =
Low e ﬂ A E }Zhb e
AT

Catalyst Yes ! p\’) 0 EFFetTr l}Mﬂ' .t r(V) OX )]

No ~

Re. Fun ot Pﬁ&‘(’é) 7’
! H Ol = - Ha O
C% . ey 7’(*’7’), O % )
s eeley T kG > CHaCeoy + Haoy
WHid 71 2 So Lu7ians M /)39/ 76F7HR  THE
Hg0® By 0T River Famdé  [HO (ts6%+ 81 -Dn'ZfZ?O)‘
Tihs C’//)-wsj T PsS\Tiew 05 iy 1 @
“e SHIF7 LeF7 70 //)A'r’: Al 7/ Cou NTNAT7 THe Ra7004T
o 0H ~ 1enS (D 7o' SHirT PEHT 7 MEpc
Cow JTh A7 RerTovAl  or /’/304(67). ({—/Lﬁ7/€1(/<}1 Ca.%u(vn)rf/
Il gses AS [»O/v’a“j Ned) [C}/:,C'e{s‘] JQCY LASE
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TRY THESE.

Ethane reacts with oxygen very slowly under normal conditons of temperature and pressure.
2C2H6(g) =t 70; e 4C02(g) + 6H20(g)

Suggest three ways by which the rate of reaction could be increased.
U') IRenme ZeNlrh7unc (n) /Ammt /{\,C&Su[{e (ul) Use 4‘)7f)LYS7'

M e ot
Some Carbon monoxide and Hydrogen gas were placed in a flask and allowed to come to
equilibrium as follows:

CO(g) + HZ(g) — HCHO(g)

While at equilibrium a very small amount of CO, labelled with radioactive carbon (C14), was
added. The amount added was so small as to not significantly alter the CO partial pressure.
Several hours later (with the system still in equilibrium) some HCHO was removed and
found to be contaminated with C'*. Explain clearly how this is possible.

EQu L B\ wy 3 Lﬁz/dl’rl\g GAM v ReJnle ReAt7iass A
S7iee  TAK ST

80

Potential Energy
8

Reaction Co-ordinate

An energy profile diagram is shown above for the reaction

A + B e CcC + D

(a): For the forward reaction determine

(i) The activation energy 60

(ii) The heat of reaction + 40

(iii) What type of reaction it is ENJoTH M ¢
(b) For the reverse reaction determine

(i) The activation energy 20

(ii) The heat of reaction - &0

(¢) (i) Draw in a possible catalysed pathway.
(i) How will this affect heat of reaction? No  E€FFeCT
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Acetic acid, which is a weak acid, ionises as follows. ¥

CH;COOH,q) —_— H* g + CH;COO

At equilibrium less tha.u 1% of the acetic acid molecules have ionised and therefore the

concentration of both H¥ and CH3COO" ions is very low.

The addition of some NaOH(aq) to the solution increases the concentration of the

CH3COO (aq) ioms dramatlcal?. Why is this? Ty 01~ Ruder wiz) 7ye MY

Futa 1o W O 7THe (65 17iad GF e’@\MuM:m SHF7S = PM7 A%
COUNTUNT THS CHWE | IR dy1d6- HY iaos = Situ700e o\«Scy CHLC 5’6 dand

Methanol gas can be broken down to carbon monoxide and hydrogen as follows:
CH3OH(g) —— CO(g) + 2H2(g)

AH= +90K
Suggest conditions that would enhance s process.
Low /S[Lb’%uﬂe’ {6 S W7H  Ten & Y6t ES

Fhén TarleahA7ere rmaws THE ) 07Tl C /%fpsg
ReneiNC oF owe or 7 Pgurs
The following reaction is at equlibrium.

CH4(Z) + HzO(g) —_— 3H2(g) + CO(g)
A H= + 206 kJ

Set up a table to show what happens to reaction rate_and concentra of each species
when: e LCH) o4 %D C Coy

(i) H, gas is partially removed N N7 v i~
(i) The temperature is increased | N ¢ T 7
(iii) The volume is reduced A T T~ N/ <
(iv) A catalyst is added. 7n / L) VR D/ A

When CO, dissolves in water the following eciui]ibria exist.

@ COyq  + HOg ——— COxaq)
@ - COueqy + H0y — H*ay  + HCOspg
@ HCO3-(aq) g H - (aq) + j('ﬂ’()‘:t’;zacl)

Small amounts of each of the following substances were added (separately) to see the effect
they would have on the apparent solubility of COz2(g) in H20.
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Predict the effect in each case and explain. YT L FFT oivelnle O @

To SH /F7 LeEFT.
) d) We FFFL:(./' Cocy otdo7) Jo g) C Ruade HT 1008 SAE AS
D67 b7 Wit By oF He Shecies @K»ﬁ COyleg) 1A HKFS,
Acetic acid and Ammonium hydroxide are respectively wedk acid and base. Their solutions

conduct electricity poorly. If the two solutions are combined however, they conduct electricity
well! Use equilibrium reactions to explain. g, - pf)—élg ) e
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