Equilibrium

03 January y2025  17:30

chemical and tonic Equiltbrivm

n this Sessiown :

v welghtage of concepts

v Revision of Entire chapter

v Revising important formula

v Solving previous year questions

Average weightage:
* JEE Main: 12-16 marks per Year (15-20% of chewmdstry paper)
* JEE Advanced: 8-12 wmarks per Year (15-18% of chewistry paper)
* Questions per paper: 2-3 questions
Main Topie Distribution:
1, Chemical Equilibrivum (45%)
O Focus on equilibrium constants, shifts, and applications
2. lonic Equilibrium (55%)
o Emphasis on pH, buffers, ano solubility products

1. Dynamic Equilibrivm in Reversible Reactions N
Key Concepts: —
* A veversible veaction veaches equilibrivm when forwarol
veaction rate (rf) equals backward veaction rate (vb)
° At equltlbrium:
* Equilibrivum is 0{5 namlie tn nature (both reactions
contlnue but at equal rates)

Law of Chemical Equiltbrivm
For a reversible veaction: aA(g) + B (9) = xx(g9) + yY ()

Equiltbrium Constant (Ke) = [XIX[Y1Y/[AlHB]>~ %
Stanificance of K value: w vm ¢

—

K > 1: Products arve favored (reaction goes forward)
K < 1: Reactants ave favored (reaction goes backward)
K = 1: Equal amowunts o{prodmcts and reactants

Properties of Equilibrivum Constant (Kc)
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Properties of Equilibrivum Constant (Ke)

1. Temperature depewdewt but concentration Lwd@p@wd@w’c

Y
2. Independent of catalyst presence

2. Depends ow stolehlometry of veactants and products

lquortawt coses:

) For veversed veactlon: K' = 1/K

Whew reactlon direction Ls reversed, Kc becones Lnverse

nVK

b) For divided equation: K' =

Whewn equation Ls divided by factor 'w
New equilibrivum constant becomes nth voot

¢) For multiplied equation: K

:Kn

Whewn equation ts multiplied bg factor 'w!

New equilibrivim constant becomes K™

Audience

o) For multi-step equations: K = Kq X Kz X Kz X ... X Ky

overall equiltbrivum constant is product of tndividual step

constants

Effect of Temperature

Glvew by van't Hoff equation:

log (K2/K1) = [AH/2.202R][T2-T1/T1T2]
For endothermic veaction (AH > 0):

K Lnereases with temperature v

For exothermle veactlon (AH < 0):

K decreases with temperature

Effect of Changing Conditions (Le Chatelier's Principle)

Change
(nerease Ln reactamnt
concentration

(nCrease Lin produc’c
concentration

Tevaperature LACYense
Tewperature decrenase
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Effect on Equilibrivum

Shifts forward

Shifts backwarol

Favors endothermile reactlon
Favors exothermle veactlon
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7/ (/ 7/ wv
Temperature bnerease Favors endothermile reactlon Exo l

Tewperature decrense Favors exothermic veaction T 9 ok
Pressure Lnerense Shifts toward fewer moles of N ,QUYUDO"'[O\
408 T 2 D
Pressure decrense Shifts toward more moles of | NOLJV%H . = = %\N 2
oas 4\ zgmr“’“"
Catalyst addition No effect on equilibrivm ? M
Inert gas addition No effect

2. Reaotww quotww’c Sﬁ%}

e = [C]° [D]d/[A] vﬁ%]b (ot any Lmstam,t)/ bG’\
e When @ = Ke: System at equililorivum DS

* When @ < Ke: Reaction proceeds forward

* When & > Ke: Reaction proceeds backward
mportant Relations
1. Aq = A + RT ln@,’
2. At equilibrivum: Ag =0, @ = ke v
3. Agr = -2.203RT log Ke (van't Hoff Lsotherm)

Common ton Effect CHzCooH + H d —
Definition WP el
* Suppression of lonization of a weak electrolyte due to the

Presence of a common Lon from another electrolyte CH3COO
e Follows Le Chatelier's principle gl
Key Points: (oo ton tor

1. Decveases degree of dissoclation
2. Deervenses solubility of spartngly soluble salts
3. Used tn buffer solutions
Mathematical Treatment:
For wealk acld HA 2 HY + A7
o With added salt containing A~ [H'] = KaX [HAT/[AT]
* Degree of dissocintion decrenses as LAT] lnereases
Applications:
1. Buffer solutions
2. Precipitation control
=. SoLubLLLtg reduction
4. pH control bn tndustrial processes
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Degree of Dissociation (o)
Definition
* Fraction of total solute molecules that dissociate tnto lons

o o = Number of molecules digspeiated/Total mumber of
molecules amtm% present 6
Characteristics:
1L.0Sa<1
2. Strong electrolytes: a = 1
2. Weak electrolytes: o0 << 1
4. Depends on:
O Concentration
O Temperature
O COMMON LONS
o Nature of solvent
Calculations:
1. For wealk actd: o = \/(KWC) [for dilute solutions]
2. For weak base: oo = \/(Kb/c) [for dilute solutions]
Effect of Factors:
1. Concentration (C):
o decrenses as C Lncrenses
2. Temperature:
o Lncreases with temperature
2. Common Lown:
Decreases o

Ostwald's Dilution Law
Statement

* The degree of dissociation of a wenk electrolyte increases
with dilution
Mathematical Form: C

Ko = caz/(1-a) C

t@
where: @
® Ko = DLlssoclatlon constant

® O = Concentration

* o = Degree of dissoclation ol T ’C

Speclal Cases:
1. For veru wealk, electrolutes (o << 1):
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Speo’uzL Cases:

1. For very weak, eLectmLMtes (a << 1):

oOKaA = CoR
2. For moderate dilutlon:
oa = \/(Ka/c)

3. lonle EquiLibrﬂum
Acld-Base Concepts

Concept  Aclol Definition
Arrhenius H* Producer tn agqueous
solution (HCL, H2S0O4)
Br@nsted Proton donor
-Lowry  (CHzCcoOH, HCL)
Lewls Electron pa Lr acceptor
v Rr, A

Salt Hwolromsus

1. weak > Acid + Strow@ BOse Salt:

o Anlon Mgdmtgsus
opH > 7 (alkaline)
O Kh = Kw/Kna

2. Strong Actd + weak Base Salt:

Base Pefinition /

OH" pmducer LA AGQUEOUS

solutlon (NaoH, KOH)

Proton acceptor (NH3) NR :

e 2.4
Electron pair donor (NHs, PF; — Is>as 2P

f—’rzb', F) E,I |’I><’Ix
o?@ K g

C“gCO@/" CHaCooNA T
+ H,0

Hoon —> NHecl +
Hc[JrNcr 0

Catl Lyst
o Catlon Mgdlm/gsbs r - E@
o pH < F (actdic) h kb
3. wWeak Actd + wWeak Base Salt: CH& Coo R + cr — 3 H‘r
o Both anlon and cation hydrolyze +H0
OpH = Fif Ka = Kb
O Kh = Kw/(KaxXKb)
SoLubLLLtM Product (Ksp) (a @oﬂb_z
TUPES 0 EL@c’croL tes and Thelr Ksp Relatlons:
Jp f Y P " CNO‘I > \“\

Blnary Electrolyte (1:1) S,mo(,ah SOL‘J&‘

Exn mpte: AQCL BOSO,
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Example: AgClL, BASO, L3> C&SDQV /

S \/KSP 2 = 918>, 4’5
Kep = s= -
KSP’ togg

Ternary Electrolyte (1:2)

Example: PuCly, Ca(OH)2
s = \S/(Ksp/zm
Ksp = 433/
Ternary Electrolyte (2:1)

Example: Ag2CrO4, AY2C03
s = §/<KS‘P/4)

Kep = 453/
uaternary Electrolyte (1:2)

Example: Fe(OH)3, AL(OH)3
< = KSp/2F)

Kep = 275% S
Complex salts (z:2)

EXa V\/L‘PL@S Cas (PO;}) 2, B3 (PO;}) 2
s = %/(Ksp/iog)
Ksp = 10855 /

Lmportont PoLnts:

* Higher Ksp means higher solubility
* Precipitation occurs when town product > Ks -@

o Comumon Lon effect reduces soLubLLL’cg

* Temperature generally ncrenses solubility and Ksp

Buffer Solutions :

1. Types:
o Stmple buffers (weak actd + weak base)
o Mixed buffers
o Acldic buffers (weak acid + its salt)
o Basie buffers (weak base + its salt)
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o Actdic buffers (weak actd + its salt)
o Basic buffers (weak base + its salt)
2. Hewderson Equation:

o For actdic buffer pH = pra + Log (ISalt]/Lacia])v”
o For basic buffer: poH = prb + log ([Basel/[salt])

Buffer Cm}zacitg
Deflnition

\ P pot = 1

Buffer copacity (B) is the vesistance of a buffer solution to

pH change
Mathematically: B = An/Aptt

An = woles of aclo/base adoled
ApH = change tn pH

Factors Affecting Buffer Capacﬁtg:
* Concentration of buffer components

Higher concentration — Higher capacity

e Relative concentrations of acid/base and salt

Maximum when [actd] = [salt]

* ptt Of solutlon

Maximum when pH = pKa

Henderson-tassellbaleh Equation Application:

For actdic buffer:

pH = pKa + log ([salt]/[acid])
Maximum capacitg whew [salt] = [actd]
For baste buffer:

POH = pKb + log ([base]l/[salt])
Maximint capacitg whew [base] = [salt]

1. At a glven temperature, the equilibrivum constant (Kce) for
the veaction N204 (0) = 2NO2(g) is 0.0625. If the Lnitial
concentration 0{ N20O4 Ls 2.0 M and tnitlal concentration 0{
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NO2 Ls zevo, caleulate the equilibrivm concentration of NO2.

e _pobaT  NaDg = ANOa
o Ko T Torial 20 0

b) 0.25 M LN '

¢) 0.125 M k. - CNO% lp‘ _ 0.0kh2s Egm -2 Qx

A) 0.707 M ¢ D\’ﬂ@ﬁ

- @ p.obis » X = 0-5M
2-2)
“

2. ThepH of 1 0.1 M CH3COOH solution is 2.87. Caleulate
the lonization constant (Ka) of CHzCOOH. ——3> CHaCoo” +HT

\o)/ig X 1077 Ka = ["'Jrj [ chs C/OO':} PH = .87
b) 1:8 X 107* LCH3 cooH] ph- ,[03 zgﬂﬂ
0.1

d) 1.8 X 1072 o )
@@Cw] =1,35X1°

K,.= 14x(6"9

3. For the veaction PCL5(g) = PCLz(g) + Cl2(g), Kp = 1.
atwe at 250°C. If the partial pressure of PCLS at equilibrivum s

) ) 4
0.5 atm, what s the partial pressuve of CLQ??‘: < U KP _ ﬁ,o{j . Bg
= b
)ﬂ/q95 atm KF ﬁ Fpolc
L) 1.234 atwm 1.8 = QL. <
¢) 0.25 atw 0.9
d) 1.€0 at
) o 1§ = X
0.5
2 = 06.95

4. Coleulate th@@o{a buffer solution prepared by mixing
0.2 M NP#CL and 0.1 M NH4OH. Given: Kb for NH4OH = od
e o o Lon - = [Oj wj
ve =" U\m“@

) & F4 r

/ " mrn4Kn“



= - et - U\ [ NHZ
e r J NG,

lg ‘|
b) 9.2¢ = - \‘zj C"gﬁ(o/ﬁb
e) 4. 74 0- &
i) 5.26 P‘O"\i 5. 2b.
P\’\ t PO\'\ =\
a_ 5ok =4
5. The gomblutg product (Ksp) of AgCllis 1.2 X 10"1'0.
Caleulate Lts sgéubﬁtltg ln 0.2 M Nacl solution. O-l 0.
p =g L) =150
\1)/1.52 X 107° M p 9%
b) 1.2 X 107:% M 4 =0p\M-
. Bi) o A
¢) 1.2 X 10711 M % (0 gx\0
1.8 _ |
d) 1.2 X 1078 m J \ = —
{ 0!

6. For the reaction N2(g) + 2H2(g) = 2NH=(g), what Ls the

elatlonship between Kp and Ke? A
relationship n Kp ana Ke KP:}CO C\QT) n An :@+d>-Ca%)

a) Kp = Ke(RT)? -2. 2
= - l‘l"%
Wi kp = Ke(RT)= = k. (RTD Lo (1+2)
c) Kp = Ke(RT) = Q-4 = -2
o) Kp = Ke
F. A solutlon contains both NH4CL and NH4OH. What 4 _
happens to the pH when HCL Ls adoled? NHArOH _’%_3_ NHs + OH

a) pH decreases significantly

\g))/pH lnereases significantly
pH decreases sLL@MtLg

o) pH remaing abmost constant



2. The value of Ke for the reaction CO(g) + H20(g) =
CoO2(g) + H2(g9) ls 4 at 200K. If 2 wmoles each of CO and
H20 are mixed tn o 1L vessel, what is the equilibrivum

concentration of CO2? KQ s T- 300k V=1L
a) 1.17 M O+ H,0 == Coy+Hao
W.S»S M IDH'FG) oz ;2 _ .
¢) 1.50 M
o) 1.67 M At egw -X  S_ox 2 o
2

K, = LCoJ[H,] L
[co] CHo] @Y ¢ =133M-

9. The Ksp of Mg (OH)2 1s 1.2 X 1071 What (s the pH of a g @%‘?

saturated solution of Mg (OH)2? 2 3
= 0\,\82‘0 Y/OHj x\o/%
) 9.97 KSP 482 5 8= VA &
10.32 - 7
¢) 10.68 Ksp A — g Xlo + x>
d) 11.02 as = KOHJ - ) 3.5
9gsxlo ) = @
POH = ’(oj C
ph - 10-34

10. n which of the following cases will the equilibrivm
constant NOT chawnge?

a) Change in tevaperature
MAdditLow of catalyst

¢) Change bn pressure

o) Change in concentration



11. For the dissoclation of water, H20 = H' + OH™, Kw =
1.0 X 107 gt 25°C. what is [H'] in a solutlon of pH = g.57

n) 216 X 1077 M
b) 216 X 1078 M
¢) 216 X 1077 M
d) 216 X 1078 M
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