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CHEMISTRY NOTES FOR 15T YEAR (FOR SINDH)

Chemical Equilibrium
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Multiple Choice Questions (M.C.Qs)

Choose the correct answer for each the given option:

When the product of ionic concentration of sparingly soluble salt is equal to its solubility
product ( K, ) the solution is said te be a:

(a) dilute fb) saturated fc) supersaturated  (d) verv dilute

For the reaction 2NH, —— N,+ 3H,, choose the correct K_ expression:

{2NH _INJ[H J (N.] [ 3H,] INH.T

s 2NHL T p s RS
@K.=wipag MK=" gy (@K ="pyvE) (@K =N w7

Precipitation occurs if the lonic concentration is:

fa) less than K, (b) mare then K, fc) equal to K {d) none of these
For the reaction 2NH, —— N, +3H,, the relationship between K_ and K, is:
() K, = K, (b) K, = K, (WK <K (d) K, = K,

If K_is very small:

(al reverse reaction will ocour (h) forward reaction will take place

(c) more products will be formed (d) equilibrium has been attained

Which of the reaction has the same value of K, and K 7

(@) N, + 3H, ——» 2NH, ) H,+ [, ——> ZHI

) PClf === pPCly+Cl; (d) 250, + 0, ——» 250,

The solubility product (K_) of AgCl is 1x107" mole® dm”. Its precipitation occurs if the
preduct of ionic concentration is:

{a) less then K (b) greater then K, (c) equalto K (d) twice of K,

For the reaction: 250, +0y —+ 250;;

fa) K, = K K, < K e K, = K {ef) None of them
Chemical reaction which proceed in both forward and backward directions under the given
conditions are called:

A ARA A A ARA A A

{a) reversible reaction (b} irreversible reaction
(c) substitution reaction {d) decomposition reaction
For the reaction:  N,+3H, == 2NH,, the unit for K is:
fa) dm’ mol 2 fh) mal” dm’ fe) mol dnr? {d) Nev umit
PN o s
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Chemical Equilibrium

Increase of remperarure increases the rate of reaction due to:

fa) shortening of mean free path (b} lowering of activation energy.

{c) increase in number of collision of the molecule

{d) decrease in number of activated molecule

The concentration is an expression of the equilibrium constants are given in units of :

fer) mol / mi fhygri (e} gram equivalent/l (d) moles /|
Precipitation and neutralization reactions are:

fa) reversible ib) irreversible (cj homogeneous {d) heterogeneous
Active mass of a substance is equal to:

fa) molar concentration ib) molal concentration

{ei normal concentration {d) None of the above

K. is symbaol for:

{a) rale constant (b} equilibrivm constan!

fcl was consian! {el) Planck ¥ constani

When a rate for forward reaction is equal to the rate of backward reaction then the
chemical equilibrinm established which is a:

fa) meutral equilibvium (B) static equilibrivm

fel dvnamic eguilibritm {d) nane of these

Alcohols and acids react to from water and:

fa) halides (b} esters (c) amines (d} ketones

Very small value of K, indicates:

fa) high vield (b) low vield fe) moderate vield  (d) no yield

Very large value of K, indicafes that the reaction is:

fa) partially completed {h) incomplete

fei almast completed (e} tends to complete

Le Chatelier’s principle is connected with:

{a) catalysis (b} photolysis (c) photosynthesis  (d) chemical equilibrium
Considering the following reaction 250, + 0, —— 280, AH = -ve the yield
of 50, , will be maximum if :

fa) temperature is increased pressuve kept constant
[".frj temperatire i recfuced pPressure increcsed

fc) temperature and pressure are both increased

(d) remperatuve and pressure ave both decreased

The ionization of NH,OH is suppressed by adding:

fa) NaCl fh) HCi fc) NH.OH fd) NH.CI
Le Chatlier s principle applied to a;

(a) reversible reaction (h) irveversible reaction

(e) none of these (el both A & B

At the equilibrium:  PCl,, == PCl,, + Cl,, AH = +ve
The concentration of Cl,, at equilibrium will be increased by:
(a) lowering of temperatire (b) adding PCI, to the mixture

(c) adding PCl, to the mixitre (di increasing the pressure
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ﬁ The process in which ionization of an electrolyte is suppressed by the addition of another
strong electrolyte containing one same ion is termed as:
(a) electrolysis () hydrolvsis (c) hydration fdf) commaon ion effect
ﬁ If the volume of reactants and product are same the equilibrinm is not affected by:
(a) temperatitre (h) pressure fe) concentration fcd) Nome
ﬁ When {g:.f;iﬁ < K_ then reaction will proceed in:
fa) reverse direction  (h) forward divection (c) equilibritm (d) none
ﬂ The law of mass action was given by:
fex) Arrhenius fb) Vant Hoff' ) Berihelo ey Guldherg & Waage
ﬁ For the reaction A+B == (' +D, the increase in concentration of “A" will shift
the reaction in:
(er) forward direction (b) backward direction (c) equilibritm state (dnone
ﬁ Far the reaction: N+ 0, &= 2NO AH = + ve to get maximum yicld of
product the temperature should be:
fa) increased (bl decreased () remain the same  (dl none of them
ﬁ For the reaction, H,+ 1, === 2HI, if volume is reduced to half, the value of K_will be:
{a} become half (b} become double  (c) increase 4 times  {(d) noi changed
ﬁ For a reversible reaction if the concentration of the reactants are doubled, the equilibrium
constant is: '
fer) healved (b also doubled
fe) % of the original valumes ' (d) not changed
€ sowbitity of KCIO, can be decreased in H,0 by:
fa) adding KCI from outside {b) adding NaNQ. from outside
(e) by removing K~ ions from solution () by removing CIlQ, ion from solution
ﬂ Precipitate will form when the product of ionic concentration:
fa) exceed their solubility product (b) is less than solubility product
(c) is equal to solubility product (d) none af the abuve
& 0. — 2, AH = +ve |
In which direction will reaction proceed when temperature is raised? i
(a) forward () backward fe) remain the same  (d) none of the above |
ﬁ In the equilibritm reaction: AgCl == Ag +d(I, if AgCl is added to the
solution of AgCl, then equilibrizm will:
() shift towards left  (b) shifi towards right (c) not disturbed () slightly disturbed
ﬁ Which of the following reaction is reversible endothermic?
fa) 280, + (), &= 280, + heat fbi N. + O, + heat == 2NO :
(c) CuSO, + Fe == FeSO,+ Cu fd) Nowe of above !
ﬂ In which of the following case does the reaction go fastest to completion? '
fa) K. =10° fb) K = Jr¢ fc) K =10 {d) K,=1
ﬂ Synthesis of ammeonia gas requires :
fa) removal of hydrogen (b} low temperatures
fc) low pressure (cb ardedivion of catalyst
o %

visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more.
(Page 191 of 298)



For more notes & academic material visit our Website or install our Mobile App

Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp

CHEMISTRY NOTES FOR 15T YEAR (FOR SINDH)

Chemical Equilibrium

In which of the following reaction increase in pressure favours the producrs?

) PCL, = PCL, Tl (b) 2NIl,, &= N, +3H,,

() Hy + L, —— 2HI, (d) 250,,+0,, == 280,

An electrelyte is precipitated from its selution when the concentration of its ions
exceeds the:

fa) pressure (b) volume (ch density (d) sedubility product
The value of K, is independent of ;

fal initial concentration of reactants (bt volume

fc) catalyst {c} pressure

At equilibrinm, the concentration of reactants and product becomes:

fa) equal {b) different o} constani () same

Eguilibrinm constant of a reaction is equul to:
_ [Reactan: Product
fa) K. = W (b K. ?..E;m-m.»rrll
- Mass _ fDersin
fie) K:- - _!z‘?ﬂ:i—“é‘]‘ frd.-] KL' - | Valumme,

When the ionic product is less than the K, the solution will be:
fa) unsaturated thi saturated fc) ionic {d) super saturated

Answer Key

-
1. () 8. (&) | I15(b) 22. (d) 29. (a) 36.(a¢) | 43.(c)
| 2. (b} 9 (aj | 16.(c) 23. (a) J0. (a) 37.(b) | 44.(b)
! 3 (b f.¢d) | 17.¢h) 24 (c) 31 (d) 38 (u) 45. (a)
!4 (b) Il (c) 18. (b} 25. (d) 32 (d) 39 (b)
| 5. (@ 12. (d) 19. (c) 26. (b) 33. (a) 40. (d)
b6 (b} 13.(b) 20. (d) 27.(b) 34. (a) 41. (d)
i 7.(b) 14. fa) 21 (b) 28.(d) | 33 (a) 42. (a)
‘ ~ & i
Short / Delailed Answer Questions
) —
m Describe irreversible reaction. Karachi Board: 2005
Ans.  The reaction which proceed to completion when stoichiometric amounts of reactants are taken

are called irreversible reaction. These reaction take place in one direction only.
A+B —+& C+D

For example:
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m Describe reversible reactions. Karachi Board: 2008
The reactions which do not proceed to completion are called reversible reactions. Thesc reaction
Ans.  take place both in the forward and backward directions.

A+B == C+D

Forexample: Ny, + 3H p—— JNH,,

z gl
m What is chemical equilibrium? Illustrate it with the help of graph.

Ans. The state of a reversible reaction at which composition of the reaction mixture does not change is
called state of chemical equilibrium.
Consider the following general reversible reaction to illustrate the state of chemical equilibrium.

"g":..:- + Bigl ¥ Cnm - Dnl

Let the initial concentration of A& B
are equal. Areacts with B to produce C
and D. As the reaction proceeds
concentration of both Aand B first
rapidly, then slowly and finally their
concentration stop to decrease.
Similarly concentrations of both C
and D increase first rapidly, then
slowly and finally their concentration [A] 1 [B]
stop to increase. As the composition
of the reaction mixiure does not
change at this state, so it is the state of
equilibrium.

[C] + [D]

Products

Reacants

Concentration

0 Timg ————+
Fig . 6.1 Concentration at the state of equilibrium

QXX st taw of mass action. What is its significance? Karachi Board: 2008, 2014, 2018

Ans.  This lawwas derived by Guibberg and Waage in 1864.
Statement of the Law: This law is staled as “the rate at which the reaction proceeds is directly
proportional to the product of the active masses of the reactants™.

Significance: This law helps to determine the concentration of the reactants and products at the
equilihrium state.

m Whai is active mass?

Ans, The lerm active mass represents the concentration inmole dm™ of the reactants and the products
foradilute solution. '

Staite the law of mass action & derive the equilibrium constant for the following
reaction: mA + nB &= xC+yD Karachi Board: 2007, 2008, 2014, 2018

Ans.  The rate at which a substance reacts is directly proportional to the multiplication of active masses
of the reacting substance at constant temperature.
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The rate at which a substance reacts is directly proportional to the multiplication of active masscs |
ofthe reacting substance at constant temperature,
Explapaiion:  Law of muss action can be explained on the basis of collision theory which tells
that the chemical change occurs duc to the cffective collision of reacting molecules.
The rate of a forward reaction is directly proportional to the concentration of reactants and the rate
of backward reaction is directly proportional to the concentration of product.
fvati " Equilibrinim Constant:
Consider the following general reversible reaction

mA+nB —+ xC + vD

Rateof forward reaction = [A]" [B]' = K. [A]" (BT ttleasiasises (1)
Rate of forwardreaction = [C}' [D] = K [CI'[D] = e (i)
Since at equilibrium state:
Rate of forward reaction = Rate of backward reaction
) K, [A]" [B] = K [CT [D}
On re-arranging:
- T E e
K =~ TAF [B) K,
or K, = %n%

The above equation is known as equilibrium constant expression and K, is known as equilibrium
constant in which active masscs of products are placed in the numerator while those of the
reactants would be written as denominator.

Write K. expression for the following reaction:

() CaC0, == Ca0+CO, (i) N,+3H, == 2NH,,
(1) BiCl,+ H,0 &= BiOCI+2HCI (ivy 280, +0,, == 250,
Aus. Karachi Board: 2004, 2005, 2006
fi) CaCO, == (a0 + CO, (i) N, +3H, == 2NH,,
i [Ca0] [CO,] v - [NH, ]’
‘ [CaCO,] ; [N.] [H.]
(iiiy  BIiCl, + HLO &= BIOCI + 2HCI fivy  280,,+0,, = 280,
[BiOCH [UC] [SO,T
. [BIC/] [H.O] K [SO.] 10:]
M Explain relation between K, and K, . Karachi Board: 2013 .

Ans.  Relationship between K& K -
(1) K, = K, : Iifthere is no change in the volume of reactant and product, then the value

visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more.
(Page 194 of 298)



For more notes & academic material visit our Website or install our Mobile App

Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp
CHEMISTRY NOTES FOR 15T YEAR (FOR SINDH)

Chemical Equilibrinm

e.g. Hpy + Ly = 2HI,
1 vol 1 vol 2vol
(i) K,=K, : Ifthe reaction occurs with increase in volume of product, then the value
of K, 1s preater than K. .
e.g. 2NH,,, = N,, + 3IH,,
2vol I vol 3vol
(i) K <K : Ifthe reaction occurs with decrease in volume of product, then the value
of K, is smaller then K, .
e.g. vl - 0,, &= 1230,
2 val 1 vol 2vol

u Apply the equilibrium constant expression for the formation of ester from an

organic acid and alcohol.

Ans. Formation r from ¢ acid and ;  Aceticacid reacts with ethyl alcohol to
form ethyl acetate {an ester) and water.

CH,COOH,, + CHOH, &= CH,COOCH,, + HO,

Let *a' molesof CH,COOH and *b” moles of C;H,OH are allowed to react in the presence of
a mineral acid used as a catalyst. To determine the equilibrium concentrations of the reactants
and products, a small portion of the reaction mixture is withdrawn and titrated against standard
solution of NaOH to determine the moles of un-reacted CH,COOH. After regular interval
small portion of the reaction mixtures are withdrawn and titrated till constant moles of un-
reacted CH,COOH is obtained which is represented by (a-x) moles i.e., the moles of un-
reacted CH,COOH at equilibrium state, From this moles of C.H,OH, CH.,COOC.H. and
H,O atequilibrium state an calculated which are (b-x), x and x moles respectively. Moles of
the reactants and products at equilibrium state are divided by the volume *¥" of the reaction
mixture to get their equilibrium concentration, which are substituted in equilibrium constant
expression to calculate the value of K_ .

CH‘CDGHIM w C."HTOHMM Fﬁ CH COOC.‘-‘ H'i + H!
‘a’ mol ‘b’ mol ) maol 0 mol
No. of molcs at cquilibrium state = a-xmol b - x mol x mol x mol
q y P a-x b-x X X
Concentration at equilibrium state = — -~ 53 .3

On applying the law of mass action, we get:
[CH, COOC, H, ] [H,0]

K. = “[CH, coom [C, H, OH]
X X 5
) (=1 9 G
{a-x)(b-x) (a-x) (b-x)

«
R CEE N Y

It is clear from the above expression that volume V" of the reaction has no effect on the

equilibrium position.
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Determine the equilibriwm constant in hydrogen iodide.
H, +I, == 2HI,k ;

Ans. Consider thereaction:

H.":;-1 I [."q: "ﬁ EH] £gh

Suppose there are (a) moles/dm® of hydrogen and (b) moles/dm” of iodine kept in a closed vessel
(volume "v') at 445°C. In order to fix he equilibrium established, the equilibrium is cooled.
Suppose the amount of hydrogen consumed in at equilibrium is (x) moles / dm’ and the amount of
un-reacted hydrogen atequilibrium s { a-x y moles/ dm’,

When the 2x moles / dm® of HI are obtained, the equilibrium constant K, is calculated as

tollows:
H:I g 3 ]:-;l — ?'Hlll.l
MNo. of moles at initial state: & a il
No. of moles at equilibrium state: {a-x) (b-x) (2x)
: P {a-x) (b-x) (2%}
Concentration at equilibrium state; - 5 ~
By the law of mass action: D% .. ax’
owmy - (®) ) 7
ST W T Ay iy T G0 (6ex)
- v v

_ By b
K, = (a-x) (b-x

m What are the applications of law of equilibrium? Explain with examples,

Ans. Karachi Board: 2000

Law af equiltbrium predicts the following:

(1) Direction ofthe reaction.

(1) Cxtentofthe reaction.

(iii)  Effect of change in concentration, pressure and temperature on the equilibrium position.

fi) K_predices the direction of the reaction: i
Considerthe following reversible reaction

a":ﬁ"n.'h W bEI;I # c{‘:-sl * dl]'l'

Calculate the following ratio and then compare it with the value of K_ of the reaction.

Ratio = M
[A] [B]
. If ratio < K_ then reaction will proceed towards the forward direction till the
establishment of equilibrium state.
. If rate > K_ then reaction will proceed towards the backward direction till the
establishment of equilibrium state.
. Ifrativ = K, then reaction is at equilibrium state, and will proceed in both direction

with equal rates.
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(ii) K _predicisthe extent of the reaction:

Larger the value of K_, larger would be extent of the reaction.

(a) The large value of K, of the following reaction indicates that O, decompaoses to
very large extant to O,. [t means that at equilibrium state, concentration of O,
would be very large as compared to thatof (.

e.g. 20, = 30, K, = 10% at 25°C
such reactions proceed near to completion.

(b} The small value of K, of the following reaction indicates that HF decomposes to
very small extentto H, and F,. It means that at equilibrium state concentration
of H, and F, wouldbe very small as compared to thatof HF.

e.g. 2HF, == H, +F,, K. = 10" at 2000°C
such reactions do not proceed appreciably in the forward direction.

(c] The value of K, is neither very large nor very small. This indicates that the reaction
occurs in both directions and the equilibrium will be attained after certain period
of ime. 1

c.g., N;ut3H, == 2NH,, K, = 10 at 300°C

m State Le-Chatelier’s principle and give its significance.
Karachi Board: 2007-2008-2009-2013-2015-2017-2019

This principle was stated by Le-Chatelier’s in 1884, It is a general principle with the help of
which we can predict the influence of change in temperature, pressure or concentration on a
system in equilibrium.

Statement:  [f a systems in equilibrium is subjected to stress the equilibrium position changes
s0 as to minimize the effect of stress.

Significance:  Le-Chatelier's principle predicts the effect of changes on equilibrium systems.
It predicts:

(i) the effect of change in concentrations.

{11) the effect ofchange in pressure

(i)  theeffect ofchange in temperature.

Ans.

Describe the effect of change in concentration in different manners by applying
Le-Chatelier’s principle.

Ans.  Effectof change in concentration by applying Le-Chatelier’s principle:
Consider the following reaction:
N.O, == 2NO,
Four possibilities are there to explain the effect when the reaction is at equilibrium.
(i) Addition of the reactantie., N0, :
This will cause to increase the concentration of N,0, which will disturb the equilibrium.
According to Le-Chatelier's principle, effect of increase in concentration of N,0, willbe
nullified by the decrease in the concentration of’ N0, . To do so position of equilibrium
will shift to the right to re establish equilibrium.
N.O,,, = 2NO,
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{ii) Removal of the reactant i.e., .0, |
This will cause (o decrease the concentration of N.O, which will disturb the equilibrium
This effect of decrease in concentration of M., will be adjusted by the increase in
concentration of N.O, . To do so the position of equilibrium will shift to the left direction
to re-establish equilibrium,
NO,, — 2NO
(iii)  Addition of theproducti.e., NO,:
This will cause to increase the concentration of N0, which will disturb the equilibrium,
According to Le-Chatelier’s principle, effect of increase in concentration of MO, canbe
adjusted by the decrease in the concentration of NO.. To do so, the equilibrium will shift
to the left and the reaction will more in the backward direction to re-establish aquilibrium.
D, —* 2HD
{iv) Removalof theproducti.e., NO,:
Thas will cause to decrease the concentration of NO, which will disturb the equilibrium.
According to Le-Chatelier’s principle, effect of decrease in concentration of NCL will be
removed by the increase in the concentration of NO. . To do so the position of equilibrium
will shift to the right i.e, the reaction will move in the forward direction to re-establish
equilibrium,.

gl

Discuss the effect of increase in temperature and pressure on the following
systems at equilibrium:

(@ N, + 3H,, = 2NH, + heat
) N, + 0, + heat == 2INO, Karachi Board: 2012
Ans. (a) N,,+3H,, &= 2NH,+heat.

Solution: 1t in an exothermic reaction. On increase in temperature reaction will shift in
backward direction. Volume of product are less than the reactants, so if we increase the pressure,
reaction will shifi in forward direction and if we decrease the pressure reaction  will shift in
backward dircetion.

(k) N,, 'O, heat == 2NO_,

¥
Solution: Tt is an endothermic reaction. On increase in temperature, reaction will shift in
forward direction and on decrease the temperature the reaction will shift in backward direction.
As the volume of reactant and product are same so there is no effect of pressure.

Describe the effect of change in pressure or volume by applving Le-Chateliers
principle.

Ans.  Effectof change inpressure be applying Le-Chatelier’s principle:
A change ol pressure in gaseous systems at equilibrium affects the yield of product. In such
reaction when pressure is increased, their position of equilibrium shift in the direction having less .
number of moles. I
Noge: A change ol pressure on the system, containing only liguids and solids, has virtually no
effect on the position of equilibrium.
There arc three types ot reactions, which show the effect of pressure change:
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Wien the number of mofes of reactanis are greater:
In these reactions with the increase of pressure more products are formed. Consider the
following reaction:

H:lpl T 3H_".5Ll - :NHHU

e
4moles
According (o this reaction the increase will shift the equilibrium towards right and hence
more ammonia will form.
Wihen the numberof moles of reactants are lesser:
In these reactions, the increase of pressure will result in the backward reaction. Consider
the following reaction;
NO,, == 2NO,,
I mole 2 moles
[n such reaction the increase in pressure does not favour the formation of product.
When tie number of moles of reactants and the products are same:
In these reactions the change in pressure does not change the state of equilibrium.
Consider the following reaction:
Hy, L, T2 alr
| mole Llmole 2mole
Thus in the above equation it in clear that increase of pressure does not affect the yield of
product HI, and henceno change inequilibrium is taken place.

m Describe the effect of change in temperature by applying Le-Chartelier’s principle.

Ans. Changes in the concentration of reactants and products affect only the position of equilibrium

fa)
fh)

{i)

(ii)

whercas change in temperature not only affect the position of equilibrium but also the
equilibrivm constant.
Endothermie reactions are favoured by the increase in temperature. [n such reactions the
valueof K, increases with the increase in temperature.
Exothermic reaction are favoured by the decrease in temperature. In such reactions the
valueof K, increase withthe decrease intemperature.
Effectoftemperature on the formation of NO,:

N, heah ) AN
It is an endothermic reaction, heat is consumed as the N,O, is consumed. When heat is
added by increasing temperature, it disturbs equilibrium. According to Le-Chatelier’s
principle, the effect of increase in temperature will be set by consumption ofheat. Todo so
the reaction will move in the forward direction to re-establish the equilibrivm.
Effect of temperature on the formation of N0, :

2NO,, === N0, + hcat
It is an exothermic reaction. Heat is produced as one of the product. When heat is removed
by decreasing temperature, itdisturb equilibrium. According to Le-Chatelier’s principle,
the efteet of decrease in temperature will be adjusted by evolution of heat. To do so the
reaction will move in the forward direction tn re-establish the equilibrium. In other words
decrease in temperature favoured the formation of N,O, . However, ut low temperature

much time is required to establish equilibrium.
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Le-Chatelier's principle.

ﬂ Briefly describe the effect of catalyst on equilibrium constant by applying I

Ans,  Effectof catalyston equilibrivm constant by applying Le-Chatelier s principle:

In most of the reversible reactions, the equilibrium is not always reached within a suitable short
time, 50 an appropriatc catalyst is added. A catalyst does not effect the equilibrium position of the
reaction. It increases the rates of both forward and backward reactions and this reduces the time
to attain the statc of equilibrium.

u Write down the application of chemical equilibrinm in the synthesis of

ammonia industry. Karachi Board: 2007, 2009, 2015

Ans. The principle of chemical equilibrium can predict the effect of charge in concentration,
temperature and pressure. It is applied to select the favourable condilions necessary to get
maximum amount of NH, during its industrial production by Haber's process.

. Effect of change in concentration on the production of NH,.

N, * 3H,, = ~2NH,,
Addition of any one of the reactant at equilibrium state will cause to increase the concentration of
that reactant which will disturb equilibrium. According to Le-Chatelier’s principle, the effect of
increase in the concentration of added reactant will be nullified by the decrease in the
concentration of the added reactant. To do so position ofequilibrium will shift to the right i.e., the
reaction moves in the forward dircction to re-cstablish cquilibrium.

N, + 34, — 2NH,
. Effect of pressure on the production of ammonia.

Ny + 3H,, &= 2NH,,
This reaction proceeds with decrzase in number of moles i.e., 4 moles of the reactant converts into

2 moles of the product). When pressure is increased on this reaction in equilibrium position, this
disturbs the equilibrium and shift the equilibrium towards the direction having less number of
moles. Hence more ammonia is formed. The reaction is carried at 200-600 atm pressure
. Effect of temperature on the preduction of ammeonia:

N,, + 3H,, &= 2INH,, +Heat
It is an exothermic reaction. When heat is removed by decreasing temperature, it disturbs
equilibrium. According to Le-Chatelier's principle, the effect of decease in temperature will be
nullified by evolution ofheat. Tado so the position of equilibrium will move tothe right i.e.,
the reaction will move in the forward direction to re-establish the equilibrium. To get maximum
amountof NH, in less time the reaction is carried outat 400°C - 500°C.

Describe the application of Le-Chatelier s principle in manufacturing of S0, by
conlact process. Karachi Board: 2017-2019

Ans, e Effect of charge in concentration on the production of 50, : i
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Addition of any reactant at equilibrium state will cause to increase the concentration of that
reactant which will disturb equilibrium. According to Le-Chatelier’s principle, the effect of
increase in the concentration of added reactant will be nullified by the decrease in the
concentration of the added reactant. To do so the position of equilibrium will shiftto the right ie.,
the reaction will move in forward direction to re-establish equilibrium,
250, +0,, — 280,

In this way maximum amount of S(), is obtained by increasing the concentration of any one of
the reactants.

. % resxure on the production of 50, :

280,, +0,, =— 1280,
This reaction proceeds with decrease in number of moles i.e., 3 moles of the reactant converts into
2 moles of the product. When pressure is increased on this reaction this disturbs the equilibrium.
According to Le-Chatelier’s principle, the effect of increased pressure is nullified by the decrease
in pressure, Since the pressure is directly proportional to the number of moles, therefore to
increase the pressure, position of equilibrium shift towards the direction having less number of
moles, Hence more SO, isformed. Thereactionis carriedat 1.5-1.7 atmpressure.
. Effect of temperature on the productionof SO, :

280,, + 0,, == 280,, + Heat
It is an exothermic reaction. Heat is produced in the above reaction when heat 15 removed by
decreasing temperature, it disturbs equilibrium. According to Le-Chatelier's principle, the effect
of decrease in temperature will be nullitied by evolution of heat. To do so the position of
equilibrium will move to the right i.e., the reaction will move in the forward direction to re-
establish equilibrium. The reaction is carried out at 450°C. A catalyst V.0, is also added to
speed up the reaction,

@BU  Desine sotubility and solubility product. Karachi Board: 2008, 2010, 2016

Ans, Solubility:  The solubility of a substance is the amount of substance that dissolves in a given
guantity of a solvent at a given temperature to produce a saturated solution, Solubility 15 usually
expressed in grams of solute per 100g of solvent.

Solubility Product: Theproduct of molar concentration of dissolved ions of a sparingly soluble
salt at specific temperature is known as solubility product. Solubility product is expressed in
molar concentration.

m Derive the solubility product expression of sparingly soluble compound AgCl.

Ans. When AgCl (slightly soluble salt) is dissolved in water to from samrated solution. An equilibrium
exists between solid and its ions in agqueous phase.
AgCl === Ag ., +Cl,,
un-dissolved Dissolved ions
According to law of mass action.
[AgCl] == [Ag] [CI']
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Concentration of solid AgC/ is constant insolution which 1s expressed by K.

_ Aag ] [C]
Ke - =
Be » E= [Af]EN
Be = F=E
K, = [Ag]lCl]

where K_ is called the solubility product. Tt is the ionic product of dissolved ions.
m State relationship between K and ionic concentration.

Ans.  Relationship between KSP andionic concentration:

i1y IfK  isequal tothe ionic concentration, then it will be a saturated solution.

(2y  IfK, is less than ionic concentration then it will be a supersaturated solution and salt will
appear in the form of precipitates.

(3) If K., is greater than ione concentration then it will an unsaturated solution i.e. more
solute can be dissolved.

m What are the applications of solubility product (K, ) ?

Ans.  The lollowing are the applicativns of solubility product (K, ):
(i) It is used to predict the precipitation of a saturated solution.
(ii)  Solubility product is used for the purification of common salt.
(i) K, is used for salting out soap.

(iv) K, is used to calculate solubility.

m Define common ion gffect. How does it decreases the solubility of electrolytes.

Asie. Karachi Bogrd: 2000, 2010, 200F, 2015

Definition:  The phenomenon in which the degree of ionization of a less soluble electrolyte is
suppressed by the addition of a highly soluble electrolyie containing a common ion and the
concentration of unionized species increases, which may comes out as a precipitate is called
commonion effect.
e.z.. Considerthe dissociation of an clectrolytc AB:
AB — A + DB

[A'][B°]

[AB]

If now anather electrolyte yielding the A° or B tons be added to the abave solution. It will
result in the increase of concentration {(AB).

K (dissaciation constant)

Decrease in Solubifity:  Suppression of lonization resulted by common ton causes to decrease
the solubility of theelectrolyte.
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ﬂ Write down the applications of common ion effect with suitable examples.

Amns. Karachi Board: 2010
The following are the examples of common ion effect:
i) Purification of sodiwm chioride:

HC/ gas is passed through saturated solution of NaC/ inwhich ionized and unionized NaC/ is
at equilibrium, ionization takes place as under:

NaC/ , s NE,, + CF
HC! .. — HE .+l
HC/causesto increase the concentrationof Cf ions [cnmmﬁn ion). According to Le-Chatelier’s
principle, Cl ionwillreactwith Na ' ionsto from precipitates of pure NaCl
. Precipitation of basic radicals of group 11:
Basic radicals u-’r‘_g,ru up II and 1V are precipitated as their sulphides. For this purpose H,S gas
passed through their solution. Solubility product of sulphides of group [I are smallest than those
of group I'V. It means smaller amount of ions are required for the precipitation of basic radicals
of group [I ascompared to those of group IV. For this purpose HC/ 1s added before passing
H.S. lonization takes place asgiven below:

154

[{151;11 # EH'iﬂq' + 5:.-!.!:!
HC/,, — N ] o

HC! causes to increase the concentration of H 1ons (common ion) which according to Le-
Chatelier’s principle, suppress the ionization of H.S to such anextent that sulphides of group 11
only precipitate out.
. recipitation o icradicals of gro
Basic radicals of group 111 are precipitated as their hydroxides. For this purpose NH,OH is
added to their solution. But before its addition WH,C/ is added. lonization takes place as
given below:

NH,0H,, & NH, ,, + OH

NH,C/ — NH + CI

agh CRFS] &)
NH,C/ causes to increase concentration of NH, ions (common lon) which according to Le-
Chatelier’s principle, suppress the ionization of NH,OH to such an extent that hydroxides of
group 111 only form precipitate which the hydroxides of next group do not from precipitate.

. Precipitation of sulphides of group IV:

The sulphides of this group are precipitated by 115 gasinthe presence of NH,OH.
The OH ionsof NH,OH combines with H of H.S to from H.O.
H + O S H,0

The removal of H  ions form the product side results in the increase of concentration of
sulphide ions §° which is cnough to exceed the solubility product for the precipitation of CuS,
Ni§, and Zn§ ete,
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Solved Problems of Textbook

Determination of Equilibrium Constant

4.6 gm of ethyl alcoholand 6.0gm of acetic acid kept at constant temperature until
equilibrium was established 2.0 gm of unused acid werepresent. Calculate K.

Solutiorn:
CH,COOH + CHOH &= CH,COOCH, + HO

e e B oo 6.0 _ 4.6
No. of miles at initial state i 0.1 F 0.1 NIL NIL !
Suppose numbers of moles (0.1-x) (0.1-x) X X
at equilibrium
During the reaction 2 grams of acetic acid were left which is 'EZ{;-_ = 0.033 mole

or 0.1-x = 0.033 moles

or x = 0.1-0033 = 0.067 moles

Therefore 0.067 mole of acid and 0.067 mole of ethyl alcohol must have reacted. Hence
0.067 mole of each product (ethyl acetate and water) are formed.

No of moles at equilibrium state 0.033 0.033 0.067 0.067
Concentration at equilibrium stale  0.033 0.033 0.067 0.067
0.033 0.033 0.067 0.067
v v v v
0.067 =« 0.067
k ~ALCHCOOC,H1 [HO] _ v v _ _0.067 x 0.67
[CH,COOH][C,H,OH ] 0.0313 x 0.033 0.033 = 0.033
v v
K, = 40 Ans.

C

INCLCE 9.2 gm of ethyl alcohol, 3.6 gm of aceticacid, 1.1gm of ethylacetate and 9.0gm
aof water were mixed and allowed to affain equilibrivm,. If K. = 4, what was the
concentration of the resulting mixture?

CHCOOH + CHOH = CH/COOCH, + H,0
Sb s el 40 _ .-
No. of moles at 50 0.08, 36 0.2, T 0.0125, I 0.5

initial state:
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If x mole of acetic acid and x mole of ethyl alcohol react, then additional x mole of each
product (ethy! acctate and water) arc formed.

No. of moles at initial state: -n -n +n +n

No. of moles at equilibrium state:  0.06 -n 0.2-n 0.0125+n 0.05+n

Concentration at equilibrium state: 0.06 -n 0.2-m 0.0125+n 2.0S+n
v W v v

£ [ CH,COOC.H,] [HO]
¢~ "[CH, COOH ][ C, H, OH ]

(0.0125 +x) (0.05 + x)

K _ AT v
€ 006+x 005+x
¥ ¥

3x" -1.5525x + 0.04175 = 0

Solving by the formula ax’ + bx + ¢ = O:

_w-bty b’ - 4ac
il 2a
x = 049 or x = 0029 moles

Since the initial amounts of acetic acid and ethy] alcohol are less than (.49 moles, hence
x =049 is ruled out. In other words, x = 0.029 moles. Thus the equilibrium concentration

of the mixture is given below:

Acetic acid = 0.06 - 0.029 = 0.031 mole/dm’
. Ethyl alcohol = 0.2-0.029 = 0.171 mole /dm’
= Ethyl acetate = 0.0125+0.029 = 0.0415 mole/ dm’
Water — 0.5+ 0.029 = 0.529 mole/dm’'

Inareaction A + B = 2C when equilibrium was attained, the concentration
was [A] = [B] = 4 moles /dm’. [C] = 6 moles / dmn’. Calculate the equilibrium

constant K_ and theinitial concentrations of A und B.

Solution:
(a) The equilibrium constant of the above reaction is given by:
_ [C]
& 7 TAT [B]
]
(—7F
- 36
K, = s © o Sk
iy

(b) Since one mole of A and one mole of B react to form two moles of C, hence 6
moles of C are produced from 3 moles of A and 3 moles of B. Thus the initial
concentrations are A=B =4+ 3 = 7T moles/dm* each.
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Chicmical Equilibriam
Application of the Law of Equilibrium

The K_ for the dissociation of hydrogen iodide ar 365°C is 1.3x10°. If there are
0.5 moles/dm’® hydrogen, 1.5 moles/dm’® iodine and 5 moles/dm’® hydrogen iodide,
predict the direction in which the reaction moves so as to achieve the equilibrium.

Solution: Karachi Board: 2019
The dissociation ol hydrogen iodide is represented by the equation,
2Hl, == H, +1,, K.=13=10°

According to the law of mass action:

[ Hy) w1 ] iniea 0353 _, W9 & o
K|r||u.' - EHI]: - = {5}‘ 25 ix10

Since the calculated value of the ratio of the concentrations of the reagents is 3x10” which is
greater than the actual value of K., hencethe reaction will shift towards the reverse direction.

RTINS K. forthe reaction 2HI,, == H, + I at 448°C is 0.0194. If onelitre
vessel containg 0.2 moles hydrogen, 12 moles iodine and 15 moles hydrogen
fodide, predictthe direction of reaction.

Solution;
According to the law of mass action:
[ HJ g [ ] 0.2 x12 24
I = ol e 0.0106
- [HI] L (15) 225 '

Since the calculated ratio of the concentration of the products and reactanis is less than the actual
value, hence the reaction will move towards right i.e., towards the forward direction.

Calculation of solubility product from the solubiity

The solubility of AgCl is 1.4 % 107 g/dm?® at 25°C. Molecular mass of AgCl is
143.5, Calculate its solubility product.

Solution:
Data:
1.4 10" g/ dm’

Solubility of AgC/

Molecular mass of AgCl = 143.5
Lo 14x100 5 3
molarity = 1435 0.98 x 107 mole dm

Since the concentration of Ag’ is 0.98 x 10° moles dm” .
The concentration of the C/ is also 0.98 x 107 moles dm” .

K, = [Ag1[CI'] = (0.98>10"molesdm”) (0.98 x 10" moles dm” )
K, = 096x10"
K = 9.6 10" moles’ dm” Ans.
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The solubility product of lead iodie ( Pbl,) at 25°C is 1.00 x 10" mol* dm’.
Calculate solubility of Pbl, at 25°C, ;

Solution:

Phl,. _— P o+ Mis

undissolved dissolved

Ko=[Po"] [I') = 1.00 = 10" moldm"
If x moles per dm? of Pbl, dissolve ( i.e. ionize ), then
[Pb*] = x and [I'] = Xx

K,=[P6" ][I = 1.00 x 10° mol’ dm"
or (x}(2x) = 1.00 x 10" mol’ dm™”

4x* = 1.00 = 10" mol’ dm”

x = 0.63 x 10° mol dm” Pbl, dissolved

Molecular mass of Pbl, = 461 moles per dm’ is converted into g/ dny?
{Chemical units into physical unit of concentration ) as follows:

Moles B3 IR E -
molecular mass
Moles in gm = Moles * meolecular mass
= 0.63 * 107 x 461
= 000063 = 4061
= 0.29g
Solubility of Pbl, at25°C = 0.29g/dm’ Ans.

[ BTN Should PhCrO, precipitate from a salution prepared by mixing 10ficm?® af
25% 107 M Pb(NO, ), and 300em’ of 1.5% 10" M K,CrO,?
(K, of PbCr0, = 1.8 x 167" )

Solution:

The equation for the equilibrium is:

PbCrO,, P o 5 I
undissolved dissolved
K. = [Pb"] [CrD,”] = 1.8 x 10

Total volume of the solution = 100 em’ + 300 em™ = 400 em’ . This volume contains the
equivalentof 100em’ Pb(NO,), and 300 cm” of K,CrQ.the concentration of each ion is
calculated as:
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J N Chemical Equilibrium b o4
" 100 em' Pb { NO,), .
; = , . S ox 10° M= 625 x 107 M
o { 400 cm” Total solution ) * e a8 s 10" M
. 300 e’ K.C10, i )
[cro,*1 = ( ST ) x 1.5 % 10* M= 1125 x 10° M

400 cm’ Total solution

The ionic product of PbCrQ, is:
[Pp*] [CrO,"] = {625 x 107) (1.125 = 107} = 7.03 = 10"

Since the fonic product ( 7.03 * 10 is larger than the solubility product ( 1.8 = 107)
hence PbCrQ, should precipitate out form the solution.

Scientific Reasons

m Lguilibrium constant is the guantitative measurement of the extent of the reaction.

Ans.  Greater the value of K., greater would be the extent of the reaction or vice versa. If K, s very
farpe then the reaction will proceed in forward direction to a very large extent to produce
maximum amount ofproduct. If K. is very small the reaction will proceed in backward direction
toa very small extent to produce minimum amount of the product. This cxplanation indicates that
K. isthe quantitative measurement of extent of chemvcal reaction.

The ratio of concentration of reactants and the product af equilibrium stage is
independent of the direction form where it is starfed.

Ans.  Consider the tollowing reaction which is at equlibrium:
A+B === C(C+D

Whether the reaction is started from A and B toform € and D orit is started form C and D
toformA and B. The following value of K. will remainthe same.

" . @
K = Tarm

This indicates that the reactants and products at equilibrium stage is independent of the direction
trom where 1t is started.
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Why it is ner:esmr_p' to mention the physical states of reactant and product in a
thermochemical reaction?

Ans. » To Consider the latent heats of substances, it is essenrial to indicates their physical states.
» No information about the physical states of matter will lead to wrong calculation of
energy changes.
. All reactions are carried out with specific physical states of reactants and if 1s not present
in that physical states then no reaction will take place.

Le-Chateliers’s principle says that solid ice at 0°C can be melied by applying
pressure and without supply of heat from outside.

Ans.  Following equilibrium is established between ice and water at 0°C:

lce — Water
feeoccupies Water accupies
mipre volume less volure

Increase in pressure decreases the volume which favours the conversion of ice into water
according to Le-Chatelier’s principle. This is why ice melts by applying pressure only without
supply of heal from outside

Drfferences

What is the difference between the following:
(i) Solubility and Solubility Product
fii) Reversible Reactions and Irreversible Reactions

5. No. Solubility Solubility Product
1. | Solubility is defined as the maximum Solubility product is defined as the product
amount of solute required to form a of molar concentration of jons in a saturated
saturated solution at a particular solution of a sparingly soluble at a
lemperature in 100gm of solvent. particular temperature.
_ - - _—
2. | It increases with the rise in temperature. It also increases with temperature but hasa |
definite value at particular temperature. .
_.|
3. | It decreases due to common ion effect. It is not affected by common ion effect.

4, | Its unitis gm / dm’ Its uint may be mole/dm’, mole’ / dm" etc.
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5. No. Reversible Reactions Irreversible Reactions
1. | These reactions do not proceed to These reaction proceed to completion.
completion.
2. | Itisrepresented by arrows with opposite It is represented by one arrow with single
beads, [ e ) head { ——— )
3. | Rcaction products can react to form the Reaction products cannot react 1o form the
original reactant. original reactants.
4, These reactions take place in bath These reactions take place only in one
directions. direction,
5. | Law of mass action is applied to reversible | Law of mass action carmot be applicd to
| reaction, ireversible reaction.
- . 5 " & - I & s s = a
6. | Le-Chatelier’s principle, and common ion | Le-Chatelier’s principle. and common ion
| effect are applied to reversible reaction Effect cannot be applied to irreversible
reachion.

=)

) —

WL WH Calculate the solubility product of PHCrO, when the solubility of PhCr0, is
LOx 107 gm/dm’. Karachi Board: 2014

Solutfion:
Solubility of PbCrO, = 1.0 = 107 g/dm’
Solubility product = K, =1
Molecular mass of PhCr(), - 327
Hence, solubility in terms of molarity is;
Molarity = %ﬂ-—-— 3.05 x 10" mol/dm'
Now PbCrO. == [Pb*] [Cr0,%]
Concentration of Pb™ = 3.05 % 10* mol / dm’
Concentration of Cr0,” o 3.05 x 10° mol /dm’
K._. '-}.;,l:-l T [ Ph-! ] [ rlﬂ_f ]
K. st = (3.05 = 10°) » (3.05 = 10") |
K., = 9.30 * 10" mol’/ dm’ Ans, |
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SNl 5.88 moles of nitrogen and 16.2 moles oxygen are mixed and heated ar 2000°C
unit. The equilibrinm is established. 11,28 moles of nitric oxide is formed,
Calculate the value of equilibrium constant.

N, +0, = 2NO

Solution:

N,+ 0, == 2NO

WNo.of molesof N, = 5.88 moles
Noof molesof O, = 16.2 moles
No. of moles of  NO = 11.25 moles
K. = iF
B [NOJ
K. = WN.I10:]
) [11.28] ]
Ke = ToRE MeE o =
K. = 1.335 Ans.

(GNPl The solubility of AgCl at 25°C is 1.40 10 g /dm'. Its molecular mass is
143.5. Calculate the:

o  molarity of AgCl Solution
» solubifity product of AgCi Karachi Board: 2013

Selution:
For solution see exampleno. 6 onpage 210.

SN EH The equilibrium constant expression for a gaseous equilibrium is
[NO]© o)t
[NH ]'[0.]"
Solution: Karachi Board: 2012

K. From this write equation for the reaction.

Equation the reaction:

[NO]* [1LOT
[NH, I'[0, T

B =
ANH, + 50, == 4NO + 6H0

The solubility of calcium oxalate (CaC,0,) is 0.0016 gm/dm’ at 25°C.
Find the selubility product of calcinm oxalate.
CaC,0, o= (Ca’+ C0O,

Solution: Karachi Board: 2012

Solubility of CaC.0O, 0.0016 gm / dm’
Solubility product of CaC,0, ?
Molccular mass of CaC,0, = 128

I
>t
I
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CaC0, = " + G0

K, = [Ca"] [CO,"]
g g ¢ _ mass
[Ca™ ] {molecular mass)
54 00016
R = 128
[Ca™) = 125 = 10° mole/dm’
, mass
1€.0,7] {molecular mass)
oy _ 00016
[C.!{:L ] 123
[C,05] = 1.25 x 10" mole / dm’
We know thai,
K, = [Ca"][CO,"]
K, = (125 = 10°*) (L2542 M0*)
K, — 15625 x 10™ mole/dm’ Ans,

3 moles of H, and 4 moles of I, were heated in a scaled tube at a given
temperature at which K. is 50. If the volume of the tube is dm’, determine
the composition of the equilibrinum.

H +I, == 2HI

Solution: Karachi Board: 2013
[H.] = I moles/dm?
L] - 4 moles/dm?
K. = 50
Y = 1dm’
Composition of Equilibrium (Composition at Equilibrium):
[H,] - 2
[ I: ] s
[ HI] = ?
K. = 30
H, - I, & 2HI
Initial Imole 4 mole ()
Concentration dm’ dm’
Used -X -X |
Concentration (3-x) (4-x) 2% |

ateguilibrium |
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_ [HIT
% - (H.1 (L]
0 = (3-x) (4-x)
= 50(3-x) (4-x) = 4
= (150-50x) {(4-x) = 4x
= 600-150x-200x +50x’ = 4x’
= 46x -350x + 600 = 0
= ax’ +bx+c¢c=0
Here a = 44, b = =330, ¢ = 600
By using quadratic formula:
X i -b :"».||I h:-q-ﬂi.‘
2a
x - (-350) £~/ (350)' -4 % 46 % 600
2% 46
x = 350 ++/ 12100
92
X = 350 = 110
92
i = I[O+110 = 5 (itis notcorrect as concentration)
92
X = 350~ 110 = 2.60
92
Hence x = 2.60
Therefore composition at equilibrium are:
[H,] = (3-x) = 3.2 = (1.4 moles/dm’
] = (4-x) -2.6 = 1.4 moles/dm’
[H]] = (2x) = 2(26) = 5.2 moles/dm’
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roblem 7: The K, for the reaction 2 HI, == H, + I, ,is 1.ix 10°, If there
are 0.5 moles /dm? H,, 1.5 mol /dm" I, and 5 moles /dm’ HI. Predict the
direction in which the reaction moves so as lo achieve the equilibrinm.

Solution: Karachi Board: 2010
Data; K. - 1.3 = 10 = 0,013

[H,] = 0.5 moles/dm’

| = 1.5 moles/dm’

[HI] = 5  moles/dm’

direction i ?
Reaction: 2HI &= H, +1],

[H;] [1]
K = =l
¢ [T
_ 0905 _ eSS

Ke = 5) - = 0.03

K. = 0.03
Sincc the calculated K. is greater than the given value, the reaction will move towards left. Ans.,

K. for the reaction CH,00H + CHOH == CH,COOH, +H,0 atroom
temperature is 4. Calculate the equilibrium concentration when 1.66 moles of
CH,COOH and 217 moles of C,H,OH are allowed to come to equilibrium,

Selution: Karachi Board: 2010

K, = g
Initially:
[CH, COOH] = 1.66 moles
[C,H.OH] - 2.17 moles
Reaction: CH,COOH, + C.HOH == CH,CO0CH,+H,0

" [ CH, COOC.H,] [H,0]

: [ CH, COOH, | [ C,H.OH ]
2 - (x) (x)
(166 - x) (2.17 - x)
4 - .

3.66 - 1.66x - 2.17x + ¥

4(3.60-1.66x -2.17x+x") = x
4(3.60-383x + x°) - &
144-1532x + 4% = x

Ix’-1532x + 14.4
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_ -b +  b'-dac

" - 2a
a =3 b = -15.32 ¢ = 144

- - (-15.32) 2 /(-15.32) - 4(3) (14.4)
. W 2(3)

~ 1532 + v 234.7-172.8
X

6
. _ 1532 + v/ 61.9
: 6
. - 1532 + 786 = 1532 + 7.86
6 6

X 3.86 or 1.24

As 3.86 is greater theninitial concentration
1.24 moles/dm’ isthe correct value
X = 1.24 moles/dm’ Ans.

IODISIRI Hrite the solubility product ( K, ) expressions of the following sparingly
soluble salts along with their units:

(i  CaCo, (i) Mg (OH),
Solution: K. Expression: Karachi Board: 2010
(i) For CaCO, (i) For Mg(OH),
CaCO, &= C(a*+ CO,° Mg(OH), == Mg® + 20H
K,= [Ca’] [CO%] K,= [Mg"] [OHT
Unit: K, = mol’ dm* Unit: K, = mol dm”

When the equilibrinm was atiained for the reaction A+ 8 = 2C, the
concentration of [A]=[B] was 4 moles/dm’ and that of [C] was 6 moles/dm’.
Calculate K, andthe initial concentration of A and B.

Solution: Karachi Board: 2009
K., for the reaction:
A+B == 2
£ o=
' [(A] [B]
[6T - 36
"3 A1 (41 -~ 6
K. - 2.25
6 moles of C are produced from 3 moles of A and 3 moles of B. The initial concentration
of A and B was A=B+4+3 = T moles/dm.
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The piven reaction is Phl, = Pb* + 2I°. Ar 25°C the solubility of
PbI, = 0.63 % 10" mol / dm’. Find the value of K, and express its unit,

Karachi Board: 2009

Phl, = Pb” + 21"

K, = [Pb7] [I]

[Pb"] = 0.63 * 107" mol/dm’

1] = N e Pl = 1.26 x 107 mol / dm’
K. - [Pb™] [I'T

K, = [0.63 x 10°] [1.26 x 10°)

K, = 1.00018 = 10" mol' / dm'’ Ans.

G0 WP [n a reaction A + B &= 2C, 7mol/dm’ of A and 7 moles / dn’
of B were mixed and allowed to anain equilibriam. If K. = 2.25, find out 1
concentration of A, B & C equilibrivun state,

Saluiion: Karachi Board: 2008 i
A + B — 2C ;
Initially: 7 moles 7 moles Nil moles
At equilibrizm: [ 7x ) moles { 7-x)moles 2x moles
C 3
K [C]
[A] [B]
- {2x ¥
i F [ 7=2) (F=-%)
4x°
225 = :
49 - Ty -Tx + %
2.25 - B
A 49 - 14x +x
2.25 (49 - l4x +x) = 4y
110.25-31.5x +2.25x"-4x" = 0
110.25-31.5x-1.75x" = 0
or 1.75x' +31.5x- 1025 = 0

Solving by quadratic formula:

. . -b + \ b’-4ac
' 2a
-(31.5) = V (31.5) - 4(1.75) (-11.025)
X = T 1 7%
2(1.75
N . -315 =\ 99225 +771.75

3.3
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-315 £ v 1764

£ 3 15
% _ -318 £ 42
35
-31.5 + 42 -31.5 - 42

X = 3 X =21
[A] = Tl

= 7-3

= 4 moles
[B] = 7-x

= 7-3

= 4 moles
[C] = 2x

- 27

= 14 moles

_[’_.-i._l-,];;_._.;._lj._;_ The solubility of AgCl at 25°C is 1.4%<10° g/dm’. What is the solubility product?
(Atomic mass of Ag = 108 and Cl = 35.5)

Solubility = 1.4 % 10" gm/ dm’
K, P
ApCl == Ag + CI
K, A3 [Ag ] [CI']
h 1.43 = 1070 5
[Ag'] = — s - 0.98 = 10" mol /dm
—— 1.43 = 10’ ; ]
[Cr'] = VR 0,98 = 107 mol/dm
K, = [Ag'] [CI]
= [0.98 x 10°] [0.98 x 107]
K = 96 = 10" mol’ dm” Ans.

Ll

W MEH Find the K, of CaCO, the solubility of CaCQ, is 0.001 gm /dm’.
CaCO, == Ca" + CO/

Selution: Karachi Board: 2069
Solubility of CaCO, = 0.001 gm/dm’
Solubility product = K = 7
Molecular mass of CaC0D, - 100 amu
CaCO, &= C(Ca" + CO,°
K, = [Ca®] [CO,"]
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- N mass - 0.001
[Ca |  molecular mass 100
= 1 % 10° mol/dm’
. 2 N Mmass B | A e
[CO,"] " molecular mass h 100 = 1% 10 ool £ dm
K, = [Ca] [CO,"]
I{w = [1!-6][1""] £ [IHH']"]
K., = 1x10° mol’/dm" Ans.

The equilibrinm constant for the reaction N, + 0, == 2INO a 2000°C
is 0.1 Calculate the equilibrinm concentration of the reactant and product
when initial concentration of N, and O, are 10 moles / dm’ ?

Homn: Karachi Board: 2006
Data: _
i = 0.1
[nitial coneentration of N, = 10 mol / dm’
[nitial concentration of O, e 10 mol / dm’
Equilibrium concentration of reactant - 7
Equilibrium concentration of product = ?
Calculation:
N, + 113 = INO
10 mol / dm’ 10 mol / dm’ Mil
At equilibrium; {10 - x} (10 -x) (10 -x)
\ [NOY
Ko TN 0.7
- (2x¥
Ke 0-x) (10-7)
B 45
o 100 - 10x - 10x - X
- 4x
el 100 - 20x + x°
0.1 (100 - 20x + &) = 45
10 - 2x + 0.1 &° = 4’
4 - 0.1x + 2x - 10 - 0
3,00y + 2y - 10 = 0
3.99:° + 2x - 10 0
399
x + 0.5x - 2.56 = 0
” _ =b + W b'-dac
-5
ad
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We know that: a=1, b = 0.5, ¢ = -2.56

-(0.5) £ v (0.5 -4(1)(-2.56)
- B 2(1)

-(05) + V025 110

& = ]
=05 £ o 1025
= I 2
_ =05 + 3.2
) 2
-05 + 3.2 =05 - F2
x i — and x = A
x = 1.35 x = |.85
Equilibrium concentration of N, = 10-x = 10-135 = B8.65mal/dm’
Equilibrium concentration of O, = 10-x — 10-1.35 = #.65mol/dm
Equilibrium concentration of product = 2x = 2 x 135 = 27mol/dm’

m Will PbCrO, precipitate from a solution prepared by mixing 200 cm* of
2.5x 10" M. Pb (NO,), and 600 em’ of 1.5 % 10" M K,Cr0,?
(K, of PbCro, = 1.8 10")

Solution: Kuarachi Board: 2005
Data:
Volume of Pb(NO,), - 200cm’
Volume of K,CrO, = 600 cm'
Total Volume —~ 800 em’

Concentration of Pb (NOQ,), = 2.5 x 10°M
M

Concentration of K,CrO, = 15 x 10
Calculation: [Pb™] = %ﬂg— % 25 % 10°
= 625 x 10° mol/dm’
[CrO.”] = % x 1.5 x 10

= 1.125 = 10" mol/dm’
[Pb] [CerJ

= (625 x 10°) (1125 = 10"}
= 7.08 = 10" mol/dm’

lonic product

[onic product > K,
Therefore, precipitate will form.
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ISR NCEORGEN What is the ionic concentration of Ag" and Cr0,” in a saturated solution of
Ag,CrQ, at 25°C? K, of Ag,Cr0O, is L9107 mole’ /dm'.
Solution: Karachi Board: 2015
Ap.Cr0, dissolves in waler as follows:

ApCrO, ==t 2Ag"+CrO,*

K., = [2x][x]

B = [Ag' ) [CrO,7]

K. = (2x) (x) = Ay

19 = 10" = 4,

f o= 221 - s x0"

roo= V4715 x 10" = 7.8 x 10° mol/ dm’

[Cr0*] = x = 7.8 % 10° mol/dm’

[Ag] = 2Zx= 2(7.8 = 10*) = L56 = 10" mol/dm’

jonic concentration = [Ag ] [Cr0”]

ionic concentration = (7.8 x 107) (1.56x10*) = 1.2 » 10" mol* / dm’ Ans.

‘Problem 18: BERLIRaa 210 H, + I, —— 2HI, when equilibrinm was attained,
' concentrations were [H,] = [l,] = [HI] = 4 moles /dm’, Calculate the
equilibrium constant and the initial concentration of H. and 1.

Solution:
H,+I, == 2HI
4] 4] (4] at equilibrium
g (W] _ _(4Y  _ 16 _
' [H.] [1] [4] 14] 16
[2HI] = 4
4
[HI} = 3 = 2 mol
H, + I == 2HI
initial concentration [4+2] [4+2] Nil
initial concentration [6] 6] Nil
initial concentration [H,1=[L] = 6mol [ dm’ Ans.
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RN COR LA The solubility of Mg (OH), at 25°C is 4.6 x 107 gm / 100cm’. What is the
solubilty product of Mg (OH). ?

Solurion: Karachi Beard: 2016
Data:
Solubility = 4.6x10”gm/100cm’ ~

Molecular mass of Mg((dH), = 58 am.u.

We know that;

. Solubility
ALR Molecular mass
=1
Moles = % = 7.9 =% 10" moles/dm’

Mg(OH), == Mg" + 20H"

K, =~ [79%10°] 2%79x10°T
K, = [79 = 10°][1.58x10°T
K, = [79 % 10°] [2.50 = 10" ]
K, = 1975 x 10" mol'/dm’ Ans,
ARSI For the reaction: Niru + _?H'w _— ENHM the equilibrinm mixture

contains 0.25 M nitrogen and 0.15 M hydrogen gas et 25°C. Calculate the
concentration of NH,, given K, = 9.6. The volume of the containeris I dm.

Solution: Karachi Board: 2016
Nﬁ:uh L] 3 H:ill;."l % - 2\4 H-’1::l
at equilibrinm: [0.25] [0,15] [x]
B [ NH, T
- TARLH)
[T
= [025] [0.157
$¢ - {9.6) (0.25) (0.157
; (9.6) (0.25) (3.375 = 10™)
= 8.1 x 107
X = Y81 = 10°
x = 0.0%
[NH,]= 0.09 M Ans.
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S CUPAHE Phosphorus pentachloride decomposes in a gas phase reaction at 25°C as

follows: pPcl, == PCl, +Cl,,

An eguilibrium mixture in a 5.0 litre container is found to have 3.84gm
PCl,, 9.1d4gm PCI, and 2.84gm of CI,.

Solution: Karachi Board: 2017
PCI, = PCl, - Cl,
3.84 gm 9.14 gm 2.84 gm
3.84 9.14 2.84
208.5 137.5 71
0.018 mol 0.066 mol 0.04
[ u.ms] 0.066 0.04

5 [ - } [ 3 ]

36x10°M 0.0132 M §x10°M
- _ [PCL ] [C, ]

d [PCI, ]

[0.0132] [8x107]

K = [3.6 10" ]

. 1.056 = 10"
- 3.6 10°

K = 0.03 Ans,

SO UBY P The concentration of Ag' ionsis 1 x 10° M in AgBr solution. Find the
minimum concentration of Br- lons necessary to cause precipitation of

AgBr (K, of AgBr = 4 x 107" M")
Karachi Board: 2007

Solution:

AgBr = Agc +— Br

K, = [Ag'] [Br]

Tonie concentration - [Ag™] [Br]
Ionic concentration = [Ag"] [Br]
lonic concentration = lAg' ] [Br]

If K, = 4= 10" M

LB10" 3 41
Therefore,
Br] = 1x10" mol/dm
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Solution of Textbook Progress Test - 6

What are reversible and irreversible changes? Describe an experiment to
demonsirate a reversible change,

Ans, See Q I, 2 and 3 onpage 196 and 197,

(a) State and explain the law of equilibrium. Describe ity application.
(b) What do you understand by K, and K,? Describe their relationship.

Ang,  (a) See Q 6 and Q Il onpage 197 and 200,
(b) K. iscalled equilibrium constant,

K. 15 the equilibrium constant for a gascous reaction.
Forrelationshipbetween K, and K, sce Q 8 onpage 19K,

~ What is meant by solubility product and the common ion effect? Discuss the
application of common ion cffect in the qualitative salt analysis.

Ans. See Q. 20, 24 and 25 onpageno 205, 206 and 207.

Explain giving examples.

ﬂ How is the balance of chemical equilibrinm in influenced?

Ans. See Q 12 & forexamplessee Q 13, 14, 15, 16 & 17 onpage 201, 202, 203 and 204,

For the gaseous equilibrium PCl,, === PCl, +Cl, ;AH=879 KJ/mol,

g

explain the effect upon the material distribution of fa) increased temperature
(h) increased pressure e} high concentration of Cl,
(d) higher concentration of PCI. fe) presence of a catalyst.

Ans. PCl,, w== PC| _ +Cl,, AH = 879 KJ/mol

fa}  Increasedintemperature:
As above reaction is endothermic. By absorbing heat the equilibrium will disturb and it willmove
in the forward dircction till the equilibrium is established

PCl,, = pcl,, + Cl, |
rhi Increased pressure:
Product favour in decrease of volume, but by increasing pressure the equilibrium will disturbs
and the reaction will move inback ward direction.

Pressurc

PCI PCl,, + Cl,

e ]
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fc)  Higherconcentrationof Ci,:
According to Le-Chatelier’s principle, increase in concentration of Cl, will shift the equilibrium
toleftic., more & more PCL will formed,

PCl,, — PCl,, +Cl,

Hai

(d} Higherconcentration of PCIL:
[fconcentration of PCI, isincreased K_ decreases and to keep K. constant, the goncentration ™
of PCI, and Cl, increases, weget high vield of product.

(e) Presence ofa Catalyst:
Catalvst has no effect on the equilibrium position. It increases the rates of both forward and
backward reactions. [treduces the time to attain the state of equilibrium.

A guantity of PCl, was heated in a 12 dm*® vessel ar 250°C.

PCl,, = PCl, + Cl,,
At equilibrium the vessel contains 0.21 mole PCI,, 0.32 mole PCl, and 0.32 mole
Cl,. Compute the equilibrium constant K. '

Seleution:

PCl, — PCl, + Cl
no, of moles: 0.21 0.32 0.32

n.21 0.32 0.32

ﬂ-ff}fl:.!’!" comcentration of e T

12 12 12

equilibrium

According to the law of mass action:
LPCL] [CL]

[ PCLL ]
[ 0.32 [ 032

12 0.32 0.32 0.32
L1 T R - TR T

K =

'2[ 0.

2
12

K.
m Consider the following equilibrinm:

@) 30, = 20, AH = posirive

(ii) H,, +1I,, == 2HI, AH = paositive
v (i) 2§50, + O, = 250, AH = negative

fivy CH,=CH,+ H, = (H,- CH, AH = negative

fu) Write the equilibrium constant expression.

fb) In which direction will each equilibrinm change as the temperature is raised?

fc) Whicl of the equilibrium will not be affected by change in total pressure

0.041 Ans.

visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more.
(Page 224 of 298)



For more notes & academic material visit our Website or install our Mobile App

Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp

CHEMISTRY NOTES FOR 15T YEAR (FOR SINDH)

Solution:
(i) (a) 30, —— 20, AH = positive

£ % To7

() On raising temperature the equilibrium will shift to forward direction.

{c) Pressure will effect the equilibrium state.

(i) (2) WO+ O, = 280, AH = negative
i (SO, T
K [S0,7(0;]

(b)  On increasing the temperature the equilibrivm will shift in backward direction as it -
15 an exothermic reaction,
() The pressure will effect the equilibrium state.

(iii) (a) H,, =1, = 2H1, AH = positive
T
: [H.][L]

{b)  On increasing the temperature the equilibrium will shift to the right as itis an
endothermic reaction.

{c) The pressure has no effect on equilibrium as the volume of reactants and product
Arg same.

(iv) (a) CH,=CH.+H, &= CH,-CH, AH = Negative
[CH, - CH,]
[CH, = CH,] [H,]
(k)  This is exothermic reaction. Increase in temperature will shift the equilibrium to
backward direction.
{c) Equilibrium will be affected il there 15 change in pressure.

K,

One mele of HI is introduced in to a vessel held at constant temperarure.
When equilibrium is reached, it is found that ‘0.1 mole of I, have been
formed. Calculate the eguilibrium constant K_.

Salution:
JHL, —= H,, + Ly
Initial concentration: | mole
At equilibrium: {1-(0.1+0.10} 0.1 0.1
1-02=03 0.1 0.1
mole maole

According to the law of mass action:

« o AHJIL] _ (01)(o1) _ oo
i [HI] B (0.8) 0.6
K. = 00156 Ans.
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. Chemical Equilibrinm

What effect on the position of equilibrium CaC0, === Ca0, + co,, for
which AH = + 176 KJ/mol, does each of the following changes have:

fa) adding CaCO, b) wedding CaQ (c) decreasing the volume of the container
fd) raising the temperature  e) removing CO,. .

Ans. CaC0,, == Ca0, + CO,,
fa) Adding CaCO,, : T'he equilibrium state will shift to forward direction.
fh)  Adding Cal): Thz equilibrium state will shift to backward direction.
fc) No effect on equilibrium stute as all the reactant & products are not in gaseous stale.
(d) Removing C0. The equilibrium state will shift to forward direction till the

equilibrium is re-established.
M State Le-Charelier s principle. What are its industrial applications?
Ans. See () 12, 18 and 19 onpnge 201, and 204,

Write note on: (i) Reversibility of a chemical change (i) Dynamic equilibrium
(iii) K, and K_.

Ans. (i} See ) 2 onpage 197.
fii}  Dynamic equilibrium: The reaction proceeds in both forward and backward
direction but with equal rates, as the motion of each reactions is nol ceased hence it is
called “Dynamic equilibrium™, Thus all chemical equilibrium are considered to be
dynamic innature.
ffif} Sce Q ® onpage 198.

fa)  When I mole of pure ethyl alcohol { C.H,OH ) is mixed with I mole of acetic acid
(CH.COOH ) at revm temperature, the equilibrium mixture contains 2/3 mole each
of ester (CH,COOCJI,) and water, What is the equilibrium constant K, ?

\Y TN i

Consider the equation: I
CH,COOH + CILOH —— CH,;COOCH, I H0 |
fnitiad concenration: | mole 0 0
Concentration l- 2 I- = 2 2
F A . J 3 3 3
ol E:’.IHH. h"-'.l‘ T 1 ] i ]
-3 mole = mole i % mole - mole

Atequilibrivwm: CH.COOIl - CHOH &= CH,CO0CH, + H,O

According to the low ot mass action:
[ CH :(_"{JU'_(_',EI}_]_ [HO])

Ko = TCHCOOH] [CH. OH]
3 . 3
. 2 3 o B e B o 3 . B
e = i 3 3 | 1 *
Value of K = 4 Ans.
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()  How many moles of ester are formed at equilibrium when 3 moles of
alcohol are mixed with 1 mole of acid? All the substances are liquids

at room temperature. (K, = 4)

Solution:

If the amount of ester present at equilibrium = x, the equation is:
CH,COOH + CHOH === CH,COOCIIL + HO

Initizl concentration: | mole 3 mole 0 0
Concentration at equilibrium: (1-x) (3-x) x X
D, ) [ CH,COOCH, ] [HO]
= [CH.COOH] [CJLOM |
i o= i W o= X - X - -
l-x = 3-x (1-%) (3-x) (1-x) (3-x) (1-x) (3-%x)
X o= 4(3-4x+x") = 12 - 16x + 4%’
4%’ - 16x + 12 - X° = 0
Ix' - 16z + 12 = 0
Now by quadratic equation:
a=3, b = -16, ¢ =12
b+ b-dac 16 £ (16)-4(3)(12) _  -16 1 \256-144
- 2a 2(3) | 6
B +16 + 112 X +~ 16 + 10383
6 6
X o= % = ﬂ;ﬁ_ = 44305 moles .....ccoeereee {a)
y = S5=MET . 3T o G005 moles s (b)
6 6
The lower value (b} 1s correct = 0.9028 moles Ans.

PCl, == PCl+ Cl,. Calculate the number of Cl, produced at equilibrium.
when one mole of PCI, is heated at 250°C in a vessel having a capacity of 10 dm’.
At 250°C, K, = 0.0147 for dissociation.

Solution:
PCI, F PCl, + Cl
Initial concentration ] 0
Atequilibrium {1-x} X
; 1-x% X X
Molar concentration 10 —'-—] 0 10
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Chemical Equilibrium

According to the Law of Mass Action

[PCL] [CL]
[ PCL ]

K =

10 (12x)

10

or 0041 =

10-10x

or
or

0.041(10 - 10x)
x = 041 -041x
x' v 041x - 041
Solve by using quadratic formula:

0

b=\ () -40@) (@)

<041 £/ (0417 - 4(1) (- 0.41)

£ = 2a ) 2a
B 041 ++f0.168]1 + 1.64 ~041 ++f 1.ROR -0.41 +1.3446
x = 3 ¥ 2 = 2
X =041 - 1.3446 _-1.7546 -0.887 moles ..cocooverenree i
2 2
- . ; + 13 :
TR A -

Because the value 0.467 is positive therefore it is the correct number of moles of chlorine at

equilibrium. Ans,

What is meant by the eguilibrium constant and how it is determined
experimentally?

(a)

Equilibrium constant (K.) is a value that expresses how far the reaction proceeds before
reaching equlibrivm. A small number means that the equilibrium is towards the reactants side
while alarge number means that the equilibrium is towards the products side.

Lo A+B = (C+D

Ans,

. [c¢] (D]
R % TAT (8]

For determination ofeguilibrium consiant
Sce Q9 onpage 199,
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Chemical Eguilibrinm

(B) To determine the value of K, for the reaction
CH,COOH + CH,OH CH,COOCH, + H,0
1 mole of CHCOOH and 1 mole of C,H,OH in 1 dm’ of solution in an inert solvent
containing a small amount of acid catalyst were warmed until no further change
occurred. At equilibrium 0.667 mole of water was present. Culculate the value K, .

Solution:

Consider the equation:
CH,COOH + CHOH &= CH/COOCH, + H,0

Initial Concentration. 1 mole 1 mole 0 0
Concentration at equilibrium (1-0.667) {1-0.667) 0.667 0.667
or - 0,333 = 0,333 0.667 0.667

According to the law of mass action:
[ester] [water]
K. |acid] [alcohol)
[CH,COOC.H,] [H,0]
[CH,COOH] [C.H,OH]

(0.667) (0.667) o wOHMY
K 033 (033) T 009
Value of K, = 4 Ans.

“Ar equilibrium all processes come to a halt”, What is wrong wish this statement
when applied to chemical systems?

Ans. Forachemical system the above statement is wrong asthe chemical equilibrium i1s dynamic i.e. it
is an equilibrium involving the constant interchange of particles in motion as it involves the
balancing of two reactions occurring simultaneously.

m {a) What is meant by the solubility produci? Give its uses.

Ans. Sec Q 20 and Q 23 onpage 205 and 206.

(b) What is the solubility of lead chromate in moles /dm’ ar 25°C. K, for
PbCr0O, = 2.8 % 107 mole / dmr’.
Selution:

Lead ehromale lonizes as:
FbCr0, &= Pb" + Cr0?

Let the solubility of lead chromate = X
Now apply the formula of solubility product:
K = [Pb*] [CrO,?]
Therefore 28 = 10" = [x] [x]
X - 2.8 x 107
X = V2.8 x 100
X = 5.29 = 107
These solubility of PbCrQ, is 529 = 107 mole/dm’ Ans.
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Chemical Equilibrinm

ﬁ (@)  Will cadmium hydroxide precipitate from 0.01M solution of CdCl, at

pH 9. K, of Cd(OH), = 2.5 % 10" mole* / dm’".
Solution:
Muolarity of CdCl. = 0.01M pH - 9
Kol Cd{OH), = 2.5 % 10" mole’/dm'
Now, Cd(OH), == <Cd* + 20H
1 mole 1 mole 2mole
0.01 mole/dm’ 0.01 mole/dm’

Here the concentration of Cd™ is 0.01 mole/dm’
or the concentrationof Cd™* = 107 mole/dm’
now the concentrationof OH will be

pH+ POH = 14
pOH = 14 - pH
pOH = 14-9
pOll 5 [OH:]w = 10°M

Cd{OI). = (Cd" +20H

Tonic product = [10°] [2 = T0T
= 10° x4 % 10"
Thus {onic product = 4 x 10" mole’/dm’

Since the ionic product of Cd (OH), is greater than its solubility product (2.5 < 107} thus
CA(OH)* will precipitate out form 0.0 1M solution. Ans.

(b)i- The solubility of Mg (OH), at 25°Cis 0.00764 g/ dm’ . What is the
solubility product of Mg (OH), ?

Solutian;

Solubility of Mg (OH). 0.00764 gm/dm' at 25°C

Muolecular weight of Mg (OH), = S8
Moles of Mg (OH), - B - 00001317 mole
Or  Moles of Mg (OH), = 1.317 = 10"
Now, Mg (OH), &= Mg + 20H
[Mg" ] = 1.31 = 10°
[OIl] = 2 (131 = 10%)
_ K, = (1.31 % 10") (2.62 x L0*Y
B = 1.31 = 10" = 6937 = 10*
= 9.1 = 107 mole*/ dm’ Ans.
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(b) ii - Should AgCl precipitate from a solution prepared by mixing 400ml
of 0.IM NaCl and 600 ml of 6.03 M AgNO, ?

(K, of AgCl = 1.6 x 107" moles / dm’ ) Karachi Board: 2018

Solution:
Molanty of NaCl solution = o1 M
Yolume of NaCl solution = 400 ml
Molarity of ApNO, - 0.03 M
Volume of AgNO, = 600 ml _
Total volume after mixing them =. 400 + 600 = 1000 ml
Now the concentration of silver ion { Ag 1on )
vol * M, = vol = M,
Befare mixing After mixing
600 = 0.03 = 1000 = M,
M {bn{-}i [EJ— = {.018
’ 1000 :
New concentration of chloride ion ( Cl ion )
vol = M = vol * M,
400 = (.1 1000 = M,
¥ {400 = 0.1) .
M, = 000 = 004
MNow consider AgCl = Ag +CI
lonic product = [0.018] [0.04)
= 0.00072 or 7.2 x 107

Because the value of ionicproduct = (7.2 = 10™) of AgCl is greater than its solubility product
(1.6 = 10"} therefore by mixing the two solutions precipitate of AgCl will formed. Ans,
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