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il Feature of equilibrium state Explanation
1 | Equilibrium is dynamic The reaction has not stopped but both forward
and backward reactions are still occurring at the
same rate,
2 | Equilibrium is achieved in a A closed system has no exchange of matter
closed system with the surroundings, so equilibrium is

achieved where both reactants and products
can react and recombine with each other.

3 | The concentrations of reactants = They are being produced and destroyed at an
and products remain constant at = equal rate.

equilibrium
4 | At equilibrium there is no Macroscopic properties are observable
change in macroscopic properties such as colour and density. These
properties do not change as they depend on the
concentrations of the components of the
mixture.

5 | Equilibrium can be reached from = The same equilibrium mixture will result under
either direction the same conditions, no matter whether
the reaction is started with all reactants, all
products, or a mixture of both.
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ercises

4 Write the equilibrium constant expression for the following reactions:
(a) 2NO(g) + O;fg) = 2NOg)
(b) 4NH{g) + 704(g) = 4NOAg) » 6+4:0(g)
(€) CHiCllag) + OH'(ag) = CH,OH(aq) + Cfac)
5 Write the equations for the reactions represented by the following equilibrium constant expressions

NOJ
K=
@ K=ol

H

K = JCOIHSE_

® k=G0l

6 Write the equi constant 10ns for the following chemical
(a) fluorine gas and chlorine gas combine to form CIF;(g)

(b) NO dissociates into its elements.
(<) methane, CH,, and steam react to form carbon monaxide and hydrogen

The reaction quotient, Q, enables us to predict the
direction of reaction

Remember that the value of K. is calculated from substituting the equilibrium
concentrations of all reactants and products into the equilibrium constant expression.
Any other values used will not give the equilibrium value K, for that reaction at that
lempemmr&

This in itself can be useful. If we take the concentrations of the reactants and products
atone moment in time when the reaction is not at equilibrium, and substitute these
into the equilibrium constant expression, we obtain a value known as the reaction
quotient, Q. As time passes and the reaction continues, the concentrations of all
reaction p change and lly reach the equilibri i In
other words, the value of Q changes in the direction of K. This enables us to predict the
direction in which the reaction will proceed.

For example, if we again consider the reaction:
Hy(g) +1)(g) = 2HI(g)
for which K, = 49.5 at 440 °C, as we saw on page 316.

The table below shows experi | data for the ions of the reaction
components from experiments [ and Il at a time when the reaction mixture was not at
equilibrium.

Experiment II: concentration at
time t / mol dm=?

Experiment I: concentration at
time t / mol dm=*

H, 0.0500 0.0250
I 0.0500 0.0350
HI 0.300

[Hr)®

HIJ
The equilibrium constant expression = ———
ik i [H (1] Q K: _—

(Experimem Ltimet ) Q=$‘(}3)‘;m= 400 ["Z] [T—{S

__ (03008 _ kc' b9g
(0.0250)(0.0350)

In experiment I, Q < K. and so Q must increase as the reaction moves towards

equilibrium. This means that the net reaction must be to the right, in favour of

products.

Experiment II, time t Q 103

In experiment I, Q > K and so Q must decrease as the reaction moves towards
equilibrium. This means that the net reaction must be to the left, in favour of reactants.

We can summarize the use of the reaction quotient, Q, in determining the direction of
reaction as follows:

« if Q = K, reaction is at equilibrium, no net reaction occurs;

« if Q < K, reaction proceeds to the right in favour of products; < Ye de

«if Q> K,, reaction proceeds to the left in favour of reactants. ( euentre
reodcion

S\mnﬂ) - The valve for k< sk be caleololed ohn
a\d\\,n\m s reached in the reacNon I-[f we vse the
Some exprssipn @ e have reached aguilbnum
we el the vilve @ (readion a\u.\««“_ This valve
albo ve do wick opFthe divedvon o the reachin.

If we ke a reachion Wik o k: of 40 on) clalde
Q afh’ 5 wins of Mackon hmg —» 84, Q:5. This 4l »s
Hhe fosbon o l:‘v:\\\en'w‘-\ Mgk L Fouing s the
?m)th as eue/\ka“j Q r\ns\- Cﬁ"k\ kL (U\M (\.'.S NAM)

The equilibrium constant K. for the reaction &
NH, @)
k=170 Ny(g) + 3Ha(g) = 2NHy(g) kL: M
is 17 x 1022t 00K. [¥, 34
when the conc i

Determine whether the reaction mixture is at
of the components at this temperature are as follows:

[N =150
[H:] = 1.00
[NH;] = 8.00.

If it is not at equilibrium, state and explain in which direction the reaction will proceed.

Solution

First write the equilibrium constant expression.

[NH,
[NJ[H,]
Calculate the value of Q at these conditions by sul ing the given ¢
values into the equilibrium expression.
(8.00)°

=80 __y5
(1.50)(1.00)

Compare the value of Q at the given conditions with K.
427<17x10°

Therefore the reaction is not at equilibrium. It will proceed to the right in favour of
products, as the value of Q must increase to be equal to K, at equilibrium.

October 27, 2015
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8. Considérese el siguiente sistema en equilibrio:

MX;s (g) = MX3 (g) + X2 (g)
A 200 °C K, vale 0,022. En un momento dado las concentraciones
de las sustancias presentes son: [MX;] = 0,04 M, [MX;]=0,40 M
y [Xz]= 0,20 M.
Razone si, en esas condiciones, el sistema esta en equilibrio.

En el caso en que no estuviera en equilibrio, ;como evolucionaria
para alcanzarlo?

Calculamos el cociente de reaccion en las condiciones
del enunciado:

(MX3] - [X2] _04-02 _ 5
(MX5 | 0,04

Q. > K.: el sistema no esta en equilibrio. Al haber mayor
concentracion de productos que en el equilibrio, la reaccion
evolucionara hacia la izquierda para alcanzarlo.

Q. =
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The Haber Process

=
The Haber process is based on the reaction ( W\n"\‘ﬁs\’
N,(g) + 3H,(g) = 2NH;(g) AH =-93kJ mol-!l _

» Concentration: the reactants nitrogen and hydrogen are supplied in the molar ratio
1:3 in accordance with their stoichiometry in the equation. The product ammonia is
removed as it forms, thus helping to pull the equilibrium to the right and increasing
the yield.

* Pressure: as the forward reaction involves a decrease in the number of gas molecules,
it will be favoured by a high pressure. The usual pressure used in the Haber process is
about 2 x 107 Pa.

» Temperature: as the forward reaction is exothermic, it will be favoured by a lower
temperature. However, too low a temperature would cause the reaction to be
uneconomically slow, and so a moderate temperature of about 450 °C is used.

« Catalyst: a catalyst will speed up the rate of production and so help to compensate for
the moderate temperature used. A catalyst of finely divided iron is used, with small
amounts of aluminium and magnesium oxides added to improve its activity. More
recently, ruthenium has become the catalyst of choice, and this has helped reduce the
energy requirement.

The Contact Process

The Contact process involves a series of three simple reactions:

(i) the combustion of sulfur to form sulfur dioxide; v O
(i) the oxidation of sulfur dioxide to sulfur trioxide: C»\'h‘j‘y - Ve s

£X0
- 250,(2) + Os(g) = 250;(g) AH =-196 kJ mol!
(iii) The combination of sulfur trioxide with water to produce sulfuric acid.

It has been shown that the overall rate of the process depends on step (ii), the oxidation
of sulfur dioxide. So applying Le Chatelier’s principle to this step, we can predict the
conditions that will most favour the formation of product. These are summarized in
the table below.

Influence on reaction Condition used

pressure forward reaction involves reduction in the 2 x 10° Pa (this gives a
number of molecules of gas from three very high equilibrium
molecules reactant to two molecules yield, so still higher
product: high pressure will favour product pressure is not needed)

temperature | forward reaction is exothermic: low 450 °C

temperature will increase the equilibrium
yield, but decrease the rate

catalyst increases the rate of reaction vanadium(V) oxide
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Worked example
A student placed 0.20 mol of PCl(g) and 0.10 mol of Cly(g)into a 1.0 dm” flask at
350°C. Th pdl;, il

12mol of P,
of K, for this reaction? . 33

Worked example

“The oxidati i i When
0,60 mol of NO was reacted with 0.60mol of Oin 2 2.0 dim” container at 500°C,
the equilibrium mixture was found to contain 0.20 mol of NO,. Calculate the

. 1.0

“The reaction:
COlg) + 2H,(g) = CH,0H(g)
has K,= 0500 at 350 K. If the concentrations at equilibrium are:
€O 0200mol dm
H,  0155mol dm
what i the equilibrium concentration of CH,OH?

Solution

Witethe equilibrium expression:

concentration.
[CH,OH]

(0200)(0.155)"

Therefore [CH,OH] = 0.00240 mol dm or 2.40 x 10” mol drm

0.500=

‘The equilibrium constant K, for the reaction

504(g) *NO(@) = NO,(@) + SO,(g)
wasfound to be 6.78. Ifth
and 50, +, what would
of each component?

NO
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En un recipiente de 10 litros de capacidad se introducen 2 moles
del compuesto A y 1 mol del compuesto B. Se calienta a 300 °C
y se establece el siguiente equilibrio:

Alg)+3B(g)=2C(g)
Cuando se alcanza el equilibrio, el nimero de moles de B es igual
al de C. Calcule:

a) El nimero de moles de cada componente de la mezcla.
b) El valor de la constante K. a esa temperatura.
Dato: R= 0,082 atm - L - K-1. mol-1,

En

Se

a)

b)
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of unal\"(l"\'ﬂf\g- TotalpressureP = Py + Pg + Pg + ...
—_—
Itis easy to see this visually: l
T . eieY,
. . . Siiien
. . . o0
oiiie i 0RO
gasA-‘fA gasB _‘FG mixture

Gas A is creating a pressure (its partial pressure) when its
molecules hit the walls of its container. Gas B does the same.
When you mix them up, they just go on doing what they were
doing before. The total pressure is due to both molecules hitting
the walls - in other words, the sum of the partial pressures.

The more important relationship is the second one:

P, = molefraction of A x total pressure
Pa= % x P

Leamniitl

nolar _ 1oles 4 | shchnce

z —

('““\“"‘ -‘1;\1.\ mm\-e/ 4{, That means that if you had a mixture made up of 20 moles of

( x\ r‘lull{ nitrogen, 60 moles of hydrogen and 20 moles of ammonia (a
T

total of 100 moles of gases) at 200 atmospheres pressure, the
partial pressures would be calculated like this:

gas mole fraction partial pressure

nitrogen 20/100=0.2 0.2 x 200 = 40 atm

hydrogen | 60/100=0.6 | 0.6x 200 =120 atm

ammonia | 20/100=02 0.2 x200 = 40 atm

Partial pressures can be quoted in any normal pressure units.
The common ones are atmospheres or pascals (Pa). Pascals

are exactly the same as N m? (newtons per square metre).

Writing an expression for Kp

We are going to start by looking at a general case with the
[Fna \14\1—& equation
z —_— g + DBy ——== <O + dDy
< [ <o LL;A“_S If you allow this reaction to reach equilibrium and then measure

(or work out) the equilibrium partial pressures of everything, you
can combine these into the equilibrium constant, Kp

Just like Kc‘ Kp always has the same value (provided you don't

change the temperature), irrespective of the amounts of A, B, C
and D you started with.

P’ xRy’

K,
P2 xP°

p =
Kp has exactly the same format as KC, except that partial

pressures are used instead of concentrations. The gases on the
right-hand side of the chemical equation are at the top of the
expression, and those on the left at the bottom

Kp in homogeneous gaseous equilibria

‘A homogeneous equilibrium is one in which everything in the
equilibrium mixture is present in the same phase. In this case, to
use Kp, everything must be a gas.

A good example of a gaseous homogeneous equilibrium is the
conversion of sulphur dioxide to sulphur trioxide at the heart of
the Contact Process:

250y + Oyg ————= 2SOy

The Contact Process equilibrium
You will remember that the equation for this is:
250y + O ==—=== 2503

K, is given by

__Pxf
Ko = oo
Pso,” xPo,

The Haber Process equilibrium
The equation for this is:

Nag + 3Hag ———= 2MNHyg

and the Kp expression is:

PR
Py XPy”

Kp in heterogeneous equilibria

A typical example of a heterogeneous equilibrium will involve
gases in contact with solids.

Writing an ion for Kp fora
equilibrium
Exactly as happens with KC‘ you don't include any term for a

solid in the equilibrium expression.

The next two examples have already appeared on the Kc page.

The equilibrium produced on heating carbon with steam

H20(g) ———= Hag + COg

Everything is exactly the same as before in the expression for
K, except that you leave out the solid carbon

PHQ XPco

(5 =
P PHQO
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Solubility product > Ky, K st
T)"lﬁ is H,g ﬂu.l'\mv,\ consh fnf l'lsc v:‘;\w\'\w tf
oan nic sob) and R gt esvs s . P\ w.}L QN‘\""‘
pressvies, e ignore Moo concetralion of sdids
‘B"( Qxx:«sw\ GS We AS{ure ”\on are (ondnAr,

3 -
BA@“ sy S— B& (“\\ + SO" (0\\

Ky _L%g [
org
PLa, o = WY w20,
7’ = E @‘) 1 [C N s.)l

I o, 0 i, 204,
.1,

The solubility of lead(II) chloride at 298 K is 3.90 x 107 90)(‘0 3 ’Oylo.". } 7‘ X‘O

mol dm™, what is the solubility product for lead(II) ) 3
chloride at this temperature? ol /"‘ ! f“" / e

EENN / o

From the equation above, each formula unit of lead(II)
chloride forms one lead ion and two chloride ions, k P
therefore:

[Pb**] = 3.90 x 10~ mol dm ™ and

[CI] =2x3.90x 10 L/),' L 237 0-"‘

=7.80x 10" mol dm™;
substituting:

K_=[Pb*] x [CI')?

=3.90 x 107 x (7.80 x 107%)*
=2.37x 107"

MU =N +d
Ions behave independently in solution and hence, in the
above example, the chloride ions need not necessarily
come from the lead(II) chloride, they could also come
from some other solute, for example hydrochloric acid.
This means that an ionic solid is significantly less soluble
in a solution that already contains one of its component
ions, than it is in pure water. This is known as the common

—_
ion effect.

nd S e d”

Calculate the solubility of lead(II) chloride, in g dm™, %
in 0.100 mol dm™ hydrochloric acid at 298 K, given its k s f C! ]

solubility product determined above. 237x0"

E . 22

[CI7] = 0.100 mol dm™?, (assuming any ions 0- '

from the lead(IT) chloride are negligible),

therefore E &.“] = 2:37x! o-gﬂ’ H
= < »

K_ =[Pb¥] x [CI']
= [Pb*]x (0.1)

(=2.37x 107 mol® dm™) {)Lal - A" 20|

-3
[pp] = 237X 107 23S 230
0.0100 3 ) D
=237% 10" mol dm™ ol

=[PbCl,] (notethis is much less than in water)
M,(PbCl) =278
m=nxM,

_237x10' x 278
=6.60 x 10° gdm™

0-) edd o-l - 01 rd A

October 27, 2015
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Selectividad questions ,,((;\a)l—) Gy 2m
o0- 0-0Z o0y
, Una disolucion saturada de hidréxido de calcio a 25°C contiene 0,296 gramos
de Ca(OH)z2 por cada 200 mL de disolucion. Determine:
a) El producto de solubilidad del Ca(OH)2a 25°C. [(,:‘"][OM 1

. 1
Datos: Masas atdmicas Ca=40; O =16; H = 1. k,, = 00 ool

ND' 2 0'274 . 0-60k Q0 .02 mo J"\-.s
am, — = D-00W ) Gone = —0—697_—; = 0
74 Kp =3,2-105

Z A 25°C el producto de solubilidad del MgFzes 8-10-.
a) ¢ Cuantos gramos de MgF2 pueden disolverse en 250 mL de agua?

MaFeo 287 [ = » Ksp= x (Zx\

k&=iﬂ;‘][f’11 [£)-2x = 27500 mlas>

275 pt x (2.8 0-1L7k
0-1L74 8 x 0-2504# % o 1
P

Mass = 0.042 g

b) ¢ Cuantos gramos de MgF2 se disuelven en 250 mL de disolucion 0,1 M de Mg(NOQs)2?
Datos: Masas atomlcas Mg =24; F =19.

k“ g- ‘0 Mnga—)M.;’*.y 2F

ks( [l’l )[f} //[F] 87}"’ o An”

0\ [ﬂg@,): 4.4§,|o m‘ ,v(

4"!’5)\'0‘4% x éz—e—/‘ = 00276% X 0150%{ Mass = 0.0069

g

En diversos paises la fluoracion del agua de consumo humano es utilizada para prevenir
caries.

a) Si el producto de solubilidad Ks del CaFzes 1°0-10-104,cual es la solubilidad de una disolucién
saturada de CaF2?

b) ¢ Qué cantidad en gramos de NaF hay que afiadir a un litro de una disolucién acuosa que
contiene 20 mg de Caz+ para que empiece a precipitar CaF2? Masas atémicas: F=19; Na= 23;
Ca=40.

12



Topic 17 - Equilibrium.notebook October 27, 2015

13



Topic 17 - Equilibrium.notebook

October 27, 2015

14



	Página 1: feb 18-8:36
	Página 2: oct 30-9:02
	Página 3: oct 30-9:02
	Página 4: nov 4-11:48
	Página 5: nov 11-10:31
	Página 6: nov 12-9:02
	Página 7: feb 21-11:26
	Página 8: feb 24-15:37
	Página 9: nov 13-9:26
	Página 10: abr 28-12:45
	Página 11: abr 28-15:12
	Página 12: nov 17-9:11
	Página 13: nov 17-9:51
	Página 14: oct 21-9:26

