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¢ In an experiment, NOCI (2.00 mol) was placed in a closed 1.00 L flask. After
equilibrium was established at 25 °C, the concentration of NO(g) was 0.66 M.
Calculate the value of K, at 25 °C for the following reaction.

2NOCl(g) == 2NO(g) + Clh(g)

The initial concentration of NOCI is:

number of moles _ (2.00 mol)

NOCI(g)] = = =2.00M
[ ©l volume (1.00L)
The reaction table is:
2NOCI(g) = 2NO(g) Cly(g),
initial 2.00 0 0
change -2x +2x +x
equilibrium | 2.00-2x 2x X

As [NO(g)]equitibrium = 0.66 M, x = 0.33 M and so:
[NOCI(g)] = (2.00 — 2x) M= 1.34 M and [Cl»(g)]cquitibrium = 0.33 M.

The equilibrium constant in terms of concentrations, K, is therefore:

& — INO@F[CL, (2)] _ (0.66)" x (0.33) _

0.080
[NOCI(g)]* (1.34)°

K.=10.080

Calculate the value of K, at 25 °C for the reaction above.

In the reaction, 2 mol of gas reacts to give (2 + 1) mol = 3 mol of gas.
Hence, An =+1.
Using, K, = K.(RT)"":

K, = 0.080 x (0.08206 x (25 +273))' = 196

K, =196

ANSWER CONTINUES ON THE NEXT PAGE

Marks
9
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Given that AH° for NOCl(g) =51.71 kJ mol ™ and AH for NO(g) =90.29 kJ mol ™!
at 25 °C, calculate the value of AH® for the reaction above.

Using A, H® = X mA; H® (products) — ¥ nA; H® (reactants):

Arn H® =[2A; H° (NO(g) + Ap H® (Cly(2)] - [2A¢ H® (NOCI(g))]

= ([2%90.29 + 0] - [2x 51.71] kI mol ') = 77.16 kI mol ™!

AH°... = +77.16 kJ mol™

What is the effect upon the [NOCI] of an equilibrium mixture if the temperature is
increased?

As the reaction is endothermic, the forward reaction becomes more favourable
when the temperature is increased. The amount of reactant (NOCI(g)) present
at equilibrium therefore decreases.

In which direction will the equilibrium shift if the volume of the flask is reduced?

Reducing the volume of the flash acts to increase the pressure and the system
responds to reduce it. The number of moles of gas increases in the reaction so
reducing the volume favours reactants and the equilibrium shifts to the left.
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e Equal volumes of carbon monoxide and hydrogen gas are introduced into a sealed

4.5 L flask at 1200 K and the following equilibrium is established.
CO(g) + 3Hx(g) == CHi(g) + H20(g) AHP = -205.9 kJ mol '
At equilibrium, the flask contains 0.22 mol of CH4 and the total pressure in the flask

1s 46.4 atm. Calculate the amount of H,(g) (in mol) that was initially introduced into
the flask.

In terms of moles, the reaction table is:

CO(g) | 3Hx(g) | = | CH«(p) | HO(g)
initial X X 0 0
change -y -3y +y 1y
equilibrium xX—y x -3y y Yy

(Three H; molecules are lost for every one CO molecule and hence the change in
the number of moles of CO(g) and H»(g) are -y and -3y respectively).

As 0.22 mol of CH4(g) is present at equilibrium, y = 0.22 mol.
The total number of moles present is therefore:

total number of moles = n.,, *ny  t Ay TRy o
=x-p)+x-3y)+ @+ @) =2x-2y=2x-0.44 mol

As the pressure in the flask is 46.4 atm at equilibrium, the number of moles of
gas at equilibrium is can be calculated from the ideal gas law, PV = nRT:

"= Py (46.4atm) % (4.5L) _»
RT (0.08206LatmK ™" mol™)x(1200K)

12mol

Hence, 2x — 0.44 = 2.12 and x = 1.28 mol = initial number of moles of H(g)

Answer: 1.28 mol

In a separate experiment, it is determined that the reaction is in equilibrium when the
same 4.5 L flask contains 0.18 mol of CHy, 0.24 mol of H,O, 0.82 mol of CO and
0.65 mol of H; at 1200 K. Calculate the concentration equilibrium constant, K., for
this temperature.

0.18mol 0.24mol
CH =——=0.040M, [H,O =——=0.053M
[CH4(g)] 451 [H>0(g)] 451
[CO@)] = = 232m0l _ o 18M, [Ha(g)) = 2™ _ g 14m
H H . .
Hence, k. - [CHL@IIHLO@)] _ (0:040)x (0.53) _

[CO@I[H, (@]  (0.18)x(0.14)°

K.=3.9

Marks
5
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Marks

Calculate the partial pressure equilibrium constant, K, at 1200 K. 7

In the reaction CO(g) +3H(g) == CHy(g) + H,O(g), 4 moles of gas react
to form 2 moles of gas — a decrease of 2 moles of gas or An = -2 mol.

From the previous question (2004-N-4), K. = 3.9. As K, and K. are related by
K,= K. (RT )M

K,= 3.9%x(0.08206x1200)*= 4.0 x 10™

K,=4.0x10™

What is the standard free energy change AG® for the forward reaction (in kJ mol ™) at
1200 K?

Using AG° = -RTInK,:

AG° =-(8.314 J K" mol™") x (1200 K) x In(4.0 x 107
=-78000 J mol™' = -78 kJ mol’

AG°= -78 kJ mol!

What will be the effect on the equilibrium if CO(g) is injected into the flask, which
maintains a constant volume.

The equilibrium will shift to reduce the amount of CO(g). It will shift towards
products.

What will be the effect on the equilibrium if the temperature is decreased?

The reaction is exothermic (see previous question (2004-N-4)) so the reaction
will shift to give out more heat. It will shift towards products.

What will be the effect on the equilibrium if the volume of the flask is decreased?

If the volume is decreased, the pressure will increase. The reaction will shift to
reduce the pressure. As the forward reaction leads to a decrease in the amount
of gas, the equilibrium will shift towards products.

What will be the effect on the equilibrium if the walls of the flask are refrigerated so
that liquid water condenses out?

If H,O(g) is removed to form pure H,O(l), the equilibrium will shift to increase
the concentration of H,O(g). The equilibrium will shift towards products.
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¢ Consider the following equilibrium in the gas-phase at 35 °C.
Cly(g) + 2NO(g) == 2NOCI(g) K.=625%x 10 M

Equimolar amounts of NOCI(g) and Cl,(g) are introduced into a sealed 1.00 L flask.
When the system reaches equilibrium at 35 °C, the concentration of NO(g) in the
flask is 4.04 x 10" M. What amount of Cly(g) (in mol) was initially added to the
flask?

If the initial concentrations of Cl,(g) and NOCI (g) are both equal to x, the
reaction table is:

Clx(g) 2NO(g) = 2NOCl(g)
initial X 0 x
change +y +2y -2y
equilibrium x+y 2y x—2y

(As [NO(g)] has increased so must [Cl(g)] but by half as much since every two
NO molecules are made for every Cl,. [NOCI(g)] must have decreased by the
same amount as [NO(g)] has increased. The reaction is proceeding backwards
from the point at which it has begun.)

As [NO(@)]equitibrium = 2y = 4.04 x 107 M, y = 2.02 x 10™* M and so:

[CLa(8)] equitibrium = X +y = x + 2.02 x 10™* M and
[NOCl(g)]equilibrium =X- 2y =x—4.04 x 10_4 M

From the equilibrium constant:

_INOCKg (x—4.04x107")?
© T [CL@IINO@]  (x+2.02x107)(4.04x107)?

As the equilibrium for the forward reaction is very large (6.25 x 10*), the
amount of Cl, and NO that are produced in the backward reaction is very
small. It can be assumed that this amount (4.04 x 10'4) is small compared to x.

Hence, x +2.02 x 10~ x and x — 4.04 x 10™ ~ x:
K = (x—4.04x107*) x’ _ X
¢ (x+2.02x107)(4.04x107*)*  x(4.04x107*)?  (4.04x107*)?

As K. = 6.25 x 104, [CL(2)]initia1 = x = 0.0102 M. As the volume of the flask is 1.00
L, the number of moles = concentration x volume = 0.0102 x 1.00 = 0.0102 mol

Answer: 0.0102 M

ANSWER CONTINUES ON THE NEXT PAGE

Marks
6
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At the same temperature (35 °C) O,(g) reacts with NO(g) according to the equation:
Ox(g) + 2NO(g) <= 2NOai(g) K.=625M"

Determine K, for the following reaction.
2NOy(g) + Cla(g) == 2NOCI(g) + Ox(g)

The equilibrium constants for the three reactions are:

K, ()= [INOCI] K. [NO,] : K.G)= [NOClZ] [0,]
[CL,][NO] [0,]INO] [NO, I'[CL,]
so that
K (1) _ [INOCI] / [NO,] _ [NOCIJ'[O, ] —K.03)

K.(2) [CL]INOT* [O,]INOI* [NO,J’[CL]

25%10°
Hence, K, (3) = 2210 _ 1 00 x 10*,
6.25

K.=1.00x10* M

ANSWER CONTINUES ON THE NEXT PAGE
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Calculate the partial pressure equilibrium constant, K,,, at 35 °C for the reaction:

2NOy(g) + Cla(g) == 2NOCl(g) + Ox(g)

In the reaction, 3 moles of gas react to form 3 moles of gas — there is no
change in the number of moles of gas and so An = 0. K, was calculated in the
previous question (2005-N-5) to be 1.00 x 10™*

— An
K,= K (RT)
= K,(RT)’ =K, =1.00x10"

K,=1.00 x 10™

What is the standard free energy change, AG®, for the forward reaction (in kJ mol )
at 35 °C?

Using AG° = -RTInK,,

AG° =-(8.314 J K" mol™) x ((35 + 273) K) x In(1.00 x 10)
=-23600 J mol" = -23.6 kJ mol™

AG° = -23.6 kJ mol™

I£ 0.150 mol of Ox(g) and 3.00 x 10~* mol of NO,(g) are added to the 1.00 L flask,
determine the free energy change, AG, (in kJ mol ') as the system moves to its new
equilibrium point.

From the previous question (2005-N-5), the initial concentrations of [NOCI] and [Cl,]
are both equal to 0.0102 M. The concentrations of O,(g) and NO,(g) are equal to
0.150 M and 3.00 x 10™* M as the flask has a volume of 1.00 L.

INOCI@' [0, ®)]
INO,(@F[CL (@)

The reaction quotient, Q, for this reaction is Q =

(0.0102)*(0.150)

i) =17000 and
(3.00x107)"(0.0102)

0=

AG = AG’+RTInQ =(-23.6x10° Jmol ™" )+(8.314J K™ mol™) x((35+273) K) xIn(17000)
= +1.4kJ mol™

AG = +1.4 kJ mol!

Will the amount of NO»(g) in the flask increase or decrease as the system moves to its
new equilibrium position? Explain.

As Q > K, the system will move to decrease Q. This occurs by reducing the
concentration of the products and increasing the concentration of reactants.
[NO2(g)] will thus increase.

Marks
7
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The CO(g) in water gas can be reacted further Wih(g) in the so-called “water-

gas shift” reaction:

900 K contains a 1:1 mole ratio of CO(g) angd), as well as 0.250 molrt H,O(g).

CO(g) + HO(g) == COx(9) + H(9)
At 900 K, K. = 1.56 for this reaction. A sample of water dasing over coal at

This sample is placed in a sealed container at©@0d allowed to come to
equilibrium, at which point it contains 0.070 mof'ICO,(g). What was the initial

concentration of CO(g) and,td) in the sample?

The reaction table is

CO(9) H20(g) CO2(9) H2(9)
initial X 0.250 0 X
change -0.070 -0.070 +0.070 +0.070
equilibrium | x—0.070| 0.250 — 0.07( 0.070 x + 0.0[70

The equilibrium constant in terms of concentrations K, is:

K.= [COL(9)I[H A9)] _ (0.070)(x+ 0.070)_1

C

X = [CO(@)lnitiar = [H2(Q)]initiar = 0.12mol L™

~ [H0(9)I[CO(g)] ~ (0.180)(x- 0.070)

[CO] = [H,] =0.12 mol L*

If the walls of the container are chilled to bel@@0 °C, what will be the effect on th

concentration of Cgjg)?

At temperatures below 100 °C, the water vapour wilcondense to form HO(]).

Following Le Chatelier's principle, the equilibrium will shift to the left as

[H20(g)] is reduced by this process and so [C{Y)] will decrease.

Marks
4
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» The isomerisation of glucose-6-phosphate (G6Pjuctdse-6-phosphate (F6P) is a
key step in the metabolism of glucose for enery298 K,

G6P == F6P AG°=1.67 kJ mof
Calculate the equilibrium constant for this procas298 K.

Using AG® = -RTInK,
1.67 x 16 = -(8.314) x (298) x InK

K=0.510

Answer:K = 0.510

What is the free energy change (in kJ thdhvolved in a mixture of 3.00 mol of F6
and 2.00 mol of G6P reaching equilibrium at 298 K?

_[F6P] _ 3.00 _

=1.50.
[G6P] 2.00

The reaction quotient, for the reaction, is Q

Using AG = AG° + RTInQ,

AG = (1.67 x 16) + (8.314 x 298) x In(1.50) = +2670 J mbk +2.67 kJ mol*

Answer:+2.67 kJ mol!

Sketch a graph dbsys versus “extent of reaction”, with a curve showing h@wys
varies as G6P is converted to F6P. Indicate tiséipo on this curve corresponding
to 3.00 mol of F6P and 2.00 mol of G6P.

AG

B

_3 .
Q=" AG%ep

0=K=0.51
equilibrinm o=1

AGOep

= [=
1R
([l
—
o o
B

AG=0

extent of reaction

Marks
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» Acetylene, GH,, can be produced by reacting calcium carbide,.QCath water: Madtks
CaGy(s) + 2HO(]) ~ Ca(OH)(s) + GHa(g)

A 1.000 g sample of Cals placed in a sealed vessel that contains 250.6fm

H,O(l) and 250.0 mL of B{g) at 1.000 atm, and allowed to react completatia tine
water. The final pressure in the sealed vess22.&°C is 2.537 atm. Determine the
vapour pressure of water in the sealed vessel.@t’22 Give your answer in mmHg.
Ignore any change in the volume of the water.

The formula mass of CaG is (40.08 (Ca) + 2 x 12.01 (C)) g mbE 64.1 g mof-
The amount of CaG in 1.000 g is thereforen = % = %) = 0.01560 mol.

From the chemical equation, each mole of CaQhat reacts leads to one mole of
C,H2(g). Therefore, 0.0156 mol of ¢H,(g) is formed. The volume available to
gas is 250.0 mL. Using the ideal gas equatigoV = nRT, the pressure due to this
amount is therefore:

) _ nRT _(0.01560mol)x (0.08206L atmK' mdl" ¥ (23 273)k
C2H2™ "y 0.250L
=1.511 atm

As there is no change in the amount of Xg), PN, = 1.000 atm. Hence,

Ptotal = PH,0 ¥ PcoH, t PNy = 2.537 atm
PH,0 +(1.511 atm) + (1.000 atm) = 2.537 atm

Hence, py 50 = 0.026 atm. As 1 atm = 760 mmHg, this corresponds.

PH,0 = 0.026 x 760 = 20 mmHg

Answer:20 mmHg

The solubility of acetylene in water at 22.0 °Gnsall. If the temperature were
raised, would you expect this solubility to increas decrease?

The solubility of gases in water decreases with tgmerature. The dissolution of a
gas is entropically disfavoured and only occurs betise it is exothermic. Like all
exothermic process, the process becomes less faahle at higher temperatures
(Le Chatelier’s principle).
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« Consider the reaction 280) + Q@) = 2SQ(9)

AH° = -198.4 kJ mot andAS® = -187.9 J K* mol™ at 25°C.
Show that this reaction is spontaneous at@5

For a reaction to be spontaneoufdG° must be negative. As
AG° = AH° - TAS®
At T =25°C,
AG® = (-198.4 x 16) — (25 + 273) x (-187.9) J mdl= -140 kJ mot*

As AG? is negative at this temperature, the reaction isgontaneous.

If the volume of the reaction system is increage2b&C, in which direction will the
reaction move?

The reaction involves 3 moles of gas being convedtento 2 moles of gas. If the
volume is increased, the pressure will decrease atite reaction will therefore
shift to increase the number of moles of gas (Le @kelier’s principle).

It will shift to the left.

Calculate the value of the equilibrium const#tat 25°C.

As AG° = -RTInK, the equilibrium constant,K, at T = 25 is given by
-140 x 16 = -8.314 x (25 +273) x K orK =¢&’

K=92x 16

K=9.2x13* (K has no units)

AssumingAH® andAS’ are independent of temperature, in which temperainge
is the reaction non-spontaneous?

The reaction is non-spontaneous whefAAG® > 0. AssumingAH® and AS® are
independent of temperature, this will occur whem\H® -TAS® > 0O:

(-198.4 x 16) - T x (-187.9) > 0
, 1984 16
187.9

or T>1056 K

Answer:T > 1056 K

Marks
5
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The first step in the metabolism of glucose in dgptal systems is the addition of a
phosphate group in a dehydration-condensationiogact

glucose(aq) + HPO; (aq) =~ [glucose phosphaté€pg) + HO(l)
The free energy change associated with this reaiiG°® = 13.8 kJ mof. The
reaction is driven forwards by harnessing the &eergy associated with the
hydrolysis of adenosine triphosphate, ATRo adenosine diphosphate, ADP
ATP*(aq) + HO() = ADP*(aq) + HPO/ (aq) AG° = -30.5 kJ mof
The overall reaction is thus:
glucose(aq) + ATP(aq) = [glucose phosphatéhq) + ADP(aq)

Calculate the equilibrium constant associated with overall reaction at body
temperature (37 °C).

The overall reaction is the sum of the two reactiost

AG° (kJ mol™)
glucose(aq) + HPO4 (aq) == [glucose phosphatelaq) + H,O(l) 13.8
ATP*(aq) + H,O() == ADP®*(aq) + H,PO4(aq) -30.5
glucose(aq)+ATP(ag) == [glucose phosphate]aq)+ADP*(aq) -16.7

For the overall reaction, AG® = ((13.8) + (-30.5)) kJ mét= -16.7 kJ mol*. Using
AG° = -RTInK,

-16.7 x 16 =-8.314 x (37 + 273)lK or K = €= 652

Answer:K = 652 (no units)

This overall equilibrium reaction is investigategadding 0.0100 mol of ATPto a
flask containing 175 mL of a 0.0500 M aqueous sofubdf glucose at 37 °C. What
percentage of the ATPwill have been consumed when the system reaches
equilibrium?

The initial concentration of ATP* is n_ 0.0100mol = 0.0571 M. The reaction
Vv 0.175L
table is then:
- = [glucose 3
glucose(aq)| ATP(aq) | = ohosphate](aq) ADP*Y(aq)
initial 0.0500 0.0571 0 0
change -X -X +X +X
equilibrium 0.0500-x 0.0571-x X X
At equilibrium,
K = [glucose - phosphate (aq)][ADé' (agq)L % _
[glucose(aq)][ATP* (aq)] (0.0500- x)(0.057% x)

ANSWER CONTINUES ON THE NEXT PAGE

Marks
6
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As the equilibrium constant is large so is x and tis expression cannot be
approximated. Instead, the full quadratic equationmust be solved.

x* = 652(0.0500-x)(0.0571-x) or
651¥ -652(0.0500+0.0571)+ (652%0.0500%0.0571) = 0
The two roots are x = 0.0578 M and x = 0.0495 M. As x gives a negative

[glucose(aq)], it is not physically significant. As is the concentration consumed
using % gives:

percentage of ATP (aq) consumed Mx100%= 87%

0.0571M

Answer:87%

Suggest two simple ways of further reducing theaieing percentage of ATP

The remaining ATP* can be reduced by (i) adding more glucose and (i)
reducing the temperature. Removal of either productwould also drive the
reaction to the right but would be very difficult to achieve in practice.
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* At 700 °C, hydrogen and iodine react accordindhéofbllowing equation. Maéks
Hag) + k(@) <= 2HI(9) Kc=49.0
Hydrogen also reacts with sulfur at 700 °C:
2H(9) + S(0) == 2HS(9) Kc=1.075% 10°

DetermineK; for the following overall equilibrium reaction @00°C.

219) + 2HS(g) = $(9) + 4HI(9)

The overall reaction corresponds to the twice therkt reaction combined with
the reverse of the second reaction:

2H(g) + 2l(g) == 4HI(Q) Ke(1) = (49.0f
2H;S(g) == 2+(g) + S(0) Ke(2) = 1/(1.075 x 19
215(g) + 2H:S(g) == $(g) + 4HI(9) Ke(3) =Ke(1) xKe(2)

The ™ reaction is doubled so the original equilibrium castant is squared.
The 2" reaction is reversed so the reciprocal of the edibrium constant is used.

The two reactions are then combined and the overadiquilibrium constant is
then the product:

Kc(3) =K(1) x K¢(2) = (49.0F x (1/(1.075 x 18 = 2.23x 10

K.=2.23x 107

What is the standard free energy change at 700r@is overall equilibrium
reaction?

The equilibrium constant in terms of pressures isifst converted into the
equilibrium constant in terms of pressures usind, = K(RT)*". The reaction
involves the conversion of 4 mol of gas to 5 mol ghs soAn = +1 and:

Kp = K(RT)*" = (2.23 x 16 x (0.08206 x 973)= 0.00178

Note that asK; is in terms of concentration units of mol I;l, R =0.08206 atm L
mol™t K has been used.

As AG® = -RTInKq:

AG° = -(8.314 J K mol™) ° (973 K) x In(0.00178) = +51.2 kJ mol

Answer:+51.2 kJ mor™

THIS QUESTION CONTINUES ON THE NEXT PAGE.
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If 0.250 mol of HI(g) is introduced into a 2.00 llagk at 700 °C, what will be the
concentration ofy(g) at equilibrium?

The initial concentration of HI(g) is 0.250 / 2.06nol L™ = 0.125 mol L.

Ha(g) | 12(9) = 2HI(g)
Initial 0 0 0.125
Change 4 +X -2X
Equilibrium X X 0.125- 2
Thus,
[HI]?2 _ (0.125-2x)%2 _ (0.125-2x)?2 49.0 (from 2008-N-5)
= = — = . rom -IN-
° [H][Iz] () (x) x?
0.125-2x
(49.0)1’2=(—)

Rearranging givesx = [I»(g)] = 0.0139 M.

Answer:0.0139 M

If 0.274 g of BS were now introduced into the same flask, whatlavbe the
concentration of £g) at equilibrium?

The molar mass of HS is (2 x 1.008 (H) + 32.06 (S)) = 34.08 g MoHence,
0.274 g of HS corresponds to:

number of moles = mass / molar mass
=(0.274 g) / (34.08 g md) = 8.04 x 1 mol

The initial concentration of H,S is thus 8.04 x 1®mol / 2.00 M = 4.02 x 18 M.
From above, [lx(g)] = 0.0139 M and [HI(g)] = (0.125 — 2 x 0.0138) = 0.00972 M.
Using the overall equilibrium reaction derived in 208-N-5:

212(9) 2H:S(g) | = | SA9) 4HI(g)
Initial 0.0139 0.00402 0 0.00972
Change -X -2X +X +2X
Equilibrium |0.0139 - 2x | 0.00402 — 2 X 0.00972 + %

ANSWER CONTINUES ON THE NEXT PAGE

Marks
5
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Thus,
_[S2][HI]* _ (x)(0.00972+4x)*
¢~ [12]2[[2]2 - (0'0139_2X)2(0-00402—2x)2
(2)(0.00972)* )23 16 (o 2008
(0.0139)2(0.00402)2 (from -N-5)

where the smallx approximation has been used ak; is so small. This gives:

X = [Sx(g)] = 7.82x 107°M

Answer:7.82x 107 M
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o Explain the meanings of the following terms.

Heat

Heat: energy contained in Kinetic energies of molecules that flows from hotter to
cooler temperatures.

PAV work

PAV work: work done by or on a system by a change in volume against a
constant pressure.

Internal energy

Internal energy: the total energy contained within a system; the difference in
internal energy in a system is the sum of the heat and work done by or on the
system.

Enthalpy change

Enthalpy change: the difference in enthalpy between an initial and final state,
the enthalpy being the heat of a system at constant pressure.

Entropy

Entropy: a measure of the distribution of heat, related to the number of ways or
the probability of its distribution, hence to the level of disorder of the energy.

Equilibrium constant

Equilibrium constant: the ratio of the concentrations (or partial pressures) of
reactants over products, each raised to its stoichiometric coefficient, when the
system is at equilibrium.

Reaction quotient
Reaction quotient: the value of the equilibrium constant expression under any
conditions, not at equilibrium.

Triple point

Triple point: The temperature and pressure at which a substance can exist as a
solid, liquid and gas in equilibrium.

Marks
8
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» Consider the following reaction.
H,O(g) + CO(g) == 2HOCI(g) Ko =0.090 at 298 K
CalculateAG® (in J mot?) for this reaction.

AG® = RTInK, = -(8.314 J K* mol™) x (298 K) x In(0.090) = 6.0 x 1) mol™

AG® =6.0 x 16 J mol*

Calculate the reaction quotie, at 25 °C whemp(H,0) = 18 mmHg,
p(Cl,0) = 2.0 mmHg ang(HOCI) = 0.10 mmHg.

The reaction quotient is given by:
p(HOCDH?2  _ (0.10)2
Qp =

= = =2.
P (H00p(C0) ~ aB)@0) 2810

Q=2.8x10"

In which direction will the reaction proceed spargausly at these partial pressureg?

\"Z4

As Q <K, the reaction will proceed towards products (i.ein the forward
direction).




