MAL . EQUILIBRIUM

Chemical Ele:bwUm m™may be d@pfmed oS the
state of a  ~eversible veaction when the +1wo cpposing

veacHons occuy at the same ~ate and the concentrations of
the eactants and preducts domot  change  with Fime. |
. Forward.  vyeaction stavts  with  maxirmum Speed @
and  gradualy  glows down, hereas 7he tevevse Yeacton starts
ot zevd speed and  gradually increases its speed..
Eventualy o time comes when both Yeactions
Pmceea{ at _7he ame Speed. TRe veaclion at this  stag A
taid 4o be i chemical equilibvium, The copce mtration of
Jeactants and  products become corshnt.

Since he concentration of veactan#s and  preduets
becorne constant it may appear that +tha veaction Aas
s-fo',qped- But thic is not +rue. On +he microScopic.  lovel Fhere
is excifed activity, Individual -molecules of -eactants cordinue
‘0 c¢ombine. Put the ryate aF one process is exaetly bpalanced
by vate of another Therefore #his IS dynamic  equilibrium.

‘The System is dynamic hcz  Individual molecules veact |
Continuously , but the vrate o forward and ~vevevse veactions
ave equal It is at equiibrium bz no met change occurs

4
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NPES  OF CHEMICAL _EQUILIERIUM

—_— —_—

e ——

L. HoMOGENOUS  EQUILIBRIA e
Tn 'nomogeneous equilibvia. all the. _components
oceuy omy N one phase. ¢4

Ny q) + Ox 9y <™ 2NO(g)

2 HETERDGENEQUS EQUILIBRIA
f  hetewogeneous equilibyivm s one which B

involves wnove than one phases. e.g

> Tf puve solds oy puve liguids ave involved in an
equilibrium  system , their concentvations ave ot 3n¢laded"_
in +he equilibrium constant expression. This is bez the
change in concentration of any pute Splid ov [liquid }-;qsl

no effict on equilibrium SYystem. e.g

2 H;_O (0) v;"'-"}" 2.”;_.‘_5:{- o.)-(q)
Khe = [_”1 1 CO‘.'J
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_LAUQFMA,S_S__CJLQN -

“The vate at which a SubStance veacts s praparﬁomzf

e active mass and 4he vate of chemical veaction s

proportional -to the  product of the active mAassSes of the

Yeacting Substances

2)

B ACTIVE MASS:

The term active wmass vhean the molar c oncerttrafi.

number of moles per dm® in a dilute solution.

Ke

K. is defined as +he vatio af. the product of #he wmolay

concemtvation of fthe products to that of veactants.

_ L - (LD A«D T c+D
, [A1*[&]* |
|

K. DEPENDS ON TEMPERATURE :
3 > Greatey the tewwperature greatey will be Ke value fov
'{ endothermic ~eactions and vice versa.

> Goeatey the ~“empevature, lessev will be Ke value Ffov

" exDthermic ~Yeachons and vice vevsa. )
S
) K. INDEPENDENT OF:
f > Thital conc . of veactants
8 -, Pyessure OY volume
'_ > Direction of weaction
J > Catalyst
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41 UNIT _ OF K. : G ‘ =

o When no. of woles Df reacg_g_!\f_a Mo. of moles of ProduCi‘, then
Ke hat o unit. e o

Ji e Whe ™ "no.

oF moles aF veactants == No. oF moles quroduc-!s

| +h,9h K has some units and can be calculated by
- using formula :

-5 Ke = (ol . dwi3)CY
= (e+d) - (a+b)

_mm AL PRESSURES:.

Ke = RB°x p%

s

_X Ip S
B % P . : .

_IN TeRMs OF Mot FRACTION

Kx = (O U | -
(Xa)a')( Cja)b

B - Mole of that com Compo nenl:
Toto\ No. of muole components

X'A = Ma
Ny + ‘nb-i-ﬂ:i-‘fl_c_
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| ga_a TION DeTweeN Kp AND Kc

- K_P s Kg CRTJ

A0 = (c+d) - (ath)

when Mn=0 Kp =K,

41‘1 >O ) kp >K;

A'ﬂ(O . kp(Kc

_REJ.AIJDN BETWEEN Kp AND Kz

Kp = Ky P2

_RELATION BETwWEEN Kp AND Kn

Kp = Kn (P/n)%"

Ie Aan=0

then  Kp> K, = Kx:= Kn
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CALCULATIONS —

1. The Following equilibrium é.;:;w;;a;%;uﬁ‘ons wseve Ob_sewgé f'cﬂ
the ~veaction at 500°C
Ay + 3By == 2ARq)
CA)= 0-299M , [p)= 1191, [AB)=0-203M
Calculate K.
Col - |
K- [AB]”
(Al (8)?
- = (0-2.03 moldm3)™ i
(0-2A9 wol /dm?) (i 19mol /) >
Ke = 6x107 dm®mol™
_SJ. Folbwing ~eaction was studied at 25°C. Calculate e Kp
and  Ke
2 NO jay + Clicgy == 2NOCI ¢q) -
The pasHal pvessuxes at  equiibvium wexe found +o be
Proc --l |- 2atm
Pvo = 5.0X 10 atm
Pc;,_ = 3:0x/0" atm
ol
Kp = ( Puoer )”
() CPa)
M (-2
' (5 xlo"‘)l(JJ(!D-')
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Kp - 9% o>

Now

Kf = K. (RT)Am

An 2= (2+1) =-141

il

R= 0-0821dm3atm Kk 'mol™

T= 25°C +273 = 298k

Kp - kc (RT)A.“

1-9x 103 = ke (0082 x298)”

f‘C?X’Os I Ke

0-0821 x 295

Ke = (1-9x102) (00821 X298)

Ke = 465 x10"
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"‘;L.B. At 100°C , 0:1mole of N,Oy 1is heated in a

one dma ‘p‘QSk

At QQU:EU bﬂgrﬂ conce ntfﬂ}_‘j‘o n_ OF qua_ﬁ_u.'_‘_a_g.f

moles. Calculate K.

found.to

be 0.1

e ES—

Col

N:_Oq -"v—'__—"_. ZNOQ_

-ENOJ) = 0-12 ol

Since 4 amol ot N,Oy gives 2 mol OF N0,

4 ol of N,0, 2 wmol of NO,

N;_Oq ';—_&-— 2. NO:_

Inital Conc . o1 Zexo

Eq,. Conc . Oy = 2% ol2

K. = I'No, T
Thabiu]

= (0'[2)2

| (o.oH)

KC = 0-36
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4. Contlolex he following ~veacton

N, + 0, = 2NO

. K.= o0-1 at 2000°C

If original concentrations of N,

and 0, ave o0-IM

each. C(alculate “he concentration$ OF NO at equilibribm

- ol 2
_ N3 X OD_ '{—=-L 2 NO

InitialCone.  O-IM oM 0

Eq.- Con (6-1-%) (01-%) 5
1 Kt_ = __ENO]':‘
e [-NJ.] [.O;_]
1 o-1 = eXiy
. (0-1-%) {0-1-3)

- Taking I~ on b-sides

0.52_ - . _1%

o-l—A

. = O‘0lYyM

[N,)= [0s2] =0-1-2%

= 0-1 -0-0lYy

= 0086 M each

[NO] = 2%

> 2 X0:0l4

= 0.0 28M
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] - ilibrltm
_5. A gas X dissociates on heating 70 +o Set up an equl r

Kegy =2 Vg ob Ly - "7

S di i X . st ok _conghant pressive |

eseyre
P at a certain tempevature. The equilibyium Pavf?a!‘}-??’- |
of X was found 1o be /3 P. Whot is the equilibrium

_ - |

constant Kp at this tempervatuve-
Ans: Yz P ' | ' i
Explanation : . . _
‘ We oassome  that totod pressure, Py of Jhe gases ok :
equilbriuvm is P '
X = Y+ 2

E——————— et Sl S

Mole of ¥ = Mo\em'oF 7 (At Equ‘nrbﬂum)
Poral Pyessure of Y, Py = Pattiok Pressuve of Z, Py

Since equilibyium paitial pressuve of X, Py is ‘/}P)-'.t- means
Mot the othex 64 P of Pressuré must be  Shared. equally among
_\l oand  Z.
. = o

gz 2/# P
P, = 32 P

Ke = (Ry) (Pa)
' (Py)
_ (»/P) (3% P)
- P

Kp = 3 P
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-+ PREDICTION _OF DIRECTION OF REACTION

» The vatio of cenc. of products 1o veactorts at

F
|

any pavticulay time ¢ called Yeaction quotient.

S—

#Iﬁ QE K , the veaction is at eguilibyium,

3 Tf Qe >Ke, the System i not at equilibrium and the

net * veaction will occur in the veverse divection until

equilibvium ¢ veached.

= TF Qe< K, , e System is not at equilibviumn and the

net yeachon wall occur in the forward direction  unti)

equilibrium is estoblished .

« Fox the dissociation of WL

Ke at 520°C is 106 x 10 ™. Predict the Qirection in which 1he

custern  will move to attain the  equilibvium if e initial

concerdtyation? of HI s |-02M and that OF H, and T, ave

0-0IM ond 0. OIM__espectively

Soi:

@L = EHz.Jo [I:LJ_::

2y

= [‘0'0,_}0[0'0’}0

2.
[1-02],

Oy = Gy K%

Since =Ihe inial cont. vatfo 9.6/ x/0™° is /ess 7han  gyen

vQlue Of Ke !-6)&'{0”1; henc? the veaetion will proceczd in

forwavd divoctton _and HI will dissociate  fuvther
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__PREDICTION _OF THE ExTenNT_ OF A Cue__CAL__
e EACTION ]

4. Lavrger Nalue of K. {avar«; Farward yeaction.

S

2. Smaller _value of K. favors backward veaction.

"

_3. Neither vevy ¢mal ,mov vevy large vale of A /avor
eq:;,lubrium

- —_

- IF K. is \lefq Small then products will pe verq much
_unstable -

> TfF K. is very large  +hen prodacf: il be .Sy‘able
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. LE_CHATELIER? PRINCIPLE

A “IF a gystem at  equilibriure 1 Subjected 4o a stress
! by a change in temperatura pressuve oy concentration
. the  Sustom tends 4o adjust itself so as to minimize
|__the effect of that change” B

e

The Point at which a veversible vyeaction veaches the
| State of equilibvium ¢ called  posion of equilibrium,

.

1. EFFECT OF CHANGE TN CoNCENTRATION
« The addition of Substance among +he yeactants,

" or dhe Temopval of o Substance among the products
at equilibriupa stage disturbs the equ-ih'bvium 12081t on
ard ~veaction js shifted to forward direction,

s The addition 0)(' a Substance among the PfodaCf’S oy
| the vemoval of a Substance among dhe  eactants cwill
dvive the equilibriuvm towards +he backward. direction.

NOTE: The ~eaction shifts in any directton on +he
additon of any Substance just to keep the value of
K constant .
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2. FFFECT OF CHANGE N [PREPESSURE

< The chango.“ in_ pressuve or volume g i@ﬂrfaﬂt only
for the Yeversible qaseous veatilons wheve thé numbex
o) wmoles of Aeactanls amd products arve not equal.

» The Increase of pressure or decrease in yoluree Shifls
the ~eactlon in direction of less number of wnoles and
vice veéria.

> EFFEcT OF CHANGE [N (eMPERATURE

_(4)_ON_ENDOTHERMIC KEACTIONS
> By increasing +he temperature , veacton is favored.
in forward direction and vice versa. |

- e-g

IND #0y, =2 1ND, 4H= +180 kT /mol

_(2) OnN ExoTHERMIC _KEACTIONS
> 8y decreasing the tempevature , veactiorn ¢ favoved.

in forward divection and vice verca
e-9
2004 + O2 = 2C0, AH= - 283KT /mol

s

. The formation of MNO is  endothermic. Thus according |
5 to Le Chatelzx Principre , a  high temperature il favour e 3
_foxmation of NO,. Practically, the temperature wsed For
_its fovmatien s _about 3000°C,
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—Bosch - HABER. PROCESS

_Reaction:

s Preparah‘on of amrnonia

N, SH, = 2 N, AH = -92.3gkT

. (Exothermic)

— CONDITIONS _For MAXiMuM__PRODUCTION®

. _Rermoval of amménia aftey ~vyeqular intevyvals by

Liquefaction

2. Incvease in pressuve

3. Decvease in demperature

CATALYST

Finely divided irow

OpPTiMuM  CONDITIONS -

Pressure = 200 - 500 atm

Temperatvure = 450°C

NOTE -

> No chance to obtain )00-/. Yieid dve to dynamic

equilibyium

-y High temp is used for fast vate of veaction ard

atain equiltbrium In  eavliey Hwme,
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5~mmssos OF 503 For M Nmquc Tukf’[
F_Ha50y4

In contact process W, S0y is prepaved

RepcTion:

250, ¢ 0 == 250; OH = -QY-S8 kJmol™

( Exotherm f'f-)

__CONDITIONS FOR MAxiMUM PRODULTION -

i-_Continuous Cupply of O,

2. Increage in  pressore

3. Decrease in temperafure

: CATALYST:

V,05 , NO or Pt ove used as catalyst

FAVOURABLE  CONDITIONS :

Prescuve = 1'6 - 1-7 atm

Tempevatue = 400 - 500C
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Jow&ugmr_&gmq (Ksp)

The  Solubility product constant is a hetemy@neous
| _equilibvium  constant , a  Specific  form  of equilibvium
Constant . Tt is ~elevant in gaturated Soldions in which
ionic _ compound. _has vt fully dissolved .

The Solubility product - Ksp “applies +0 situation where
salts  donot  fully dussowe in a Solvent. The solvent is
generally water, '

R

'.;'

The <olubility product constant, Kep is +the equilbvium
constant fov a $olid Substance disso\ving W an  aqueous
Solutton . It vepresents the level at which a colute
dissolves n Solution. The -more soluble a substance is,
the _highev the Ksp value it has. , )

Ksp Tepresent the wmaximum extent +that a sold
that can be dissoled in solution,

A  Subctance’ Solubility product is the mathe matical
__product:  of its dissoWed. ipn concentrations vaiced. | to the
powev OfF theiv Stpichiometric  co-effieiends,

. + N R
AQC'cS) = Ag tag) T Cl (aa)

KSD [éﬂ+J [Cﬂfj

e ST :
- = T —— B P
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_—f(sp AND_IEMPERAT URE

00
Ksp is usually very small _quantity a at 7

e dant.
tempevature. The value of Kep is 'femperﬂf‘-“’e d‘-‘P" i : -
' Ksp incvease  with increas€ M temp eracure,

% S0L0BILITY AND Ksp

The &maller +he solubility praducf: of a
Substance , the (lower is its SOIu.b:Lzb/

_*r_&QLubJJ.nY AND PrRECIPITATION

To predict whether a precipitate will foym
when +wo  Solunions are mixed we uge the +term

ionic Prodact (®') . Tt is obtained &y Subst-:ém‘:mj
initial  concemtrations insteadl of - equilibvlum conceriration.
___in the expression of Kep

e:g

Caf,. &= ¢a'’y2F

[ Initial conc. of Ca"'?}f[fn,‘ﬁal conc . 4‘,:-7?

If we add a golution Cortaining Cat? |ong +o
a. Qoluton containing F~ ions » PYecipitate may oy
may ot form. To predict whethever e precipitation w,n
occur , we compare Q° and Ksp -
) If Q'>Ksp , precipitation occus and will continue
until the conc. satisfy Ksp
1) If 6’ < Ksp , precipitation doesnot occuv.,
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 CALCULATIONS

L _What ic the Solubility product constant exprecsion for

Col!

. +Z s

So

- Kep = [Mq"*[[F ]

. 2. Ixhat s the So\ub'\\ihlj PYodud: constant Q,xp\ress:'on ]q:w

chl o Oq ?

S'O!’i \

Ag, CrOy (o — 2A9%ag) + CYO;L

%o

Kep = [Agt]* [CrOf]

3. Detevmme the Ksp of silvey bromide given that ks wolay

Colubility is 5.H X107 moles per ltre.

Sol.
[ Agbr = AgT + Bv
E 510 M T Tx10'M
| kep - [Ag"] [87
h - (57xi16 ' )5 1%1077)
E Kep = 3.26 X 10"
7
; Above calculotion 1S used when numbers of positive

and negahve ions ave 4:4
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wWhen nuambol & positive and m‘-fjn*ﬂ"' ]
ionS i mot 14 !

\L ———
2 k

4. The solubility of majnGSwrr_\__b___ _ggqg_!_{i?- at qg i

- '__S__._H_T\_x D" quIFC_irY_'\ Calculate Solubility P"Od“d

7 +2 -

MC] (0 ”),_ e '\’\9 4 29_"1_____;__?_ -
i For evevy -mole of -magne‘s‘:um hjdfgx_{ﬁjf_q_ff’_ﬂf_‘_ - J
) aissplves Yow will get one mole 0/' rn‘:r]n)_}'iqT*_fff_‘_i_b_i_'{“ i

tiwice  that number OF nydrﬁ‘ufh« ions. B

So the (oncentration 6} d-"fu"'""f{ N.? ionj‘ s ﬁr_._,_J

e e —————

ame Aas the d:.f.SOfVPC{ 'n’?(??n{ Ciim hj-{n wid e I

fMg*l] = 1.7 x 10" 'moldnav3 ]

e ——— e — 1

The COTY_'L’J"I{raffdn C‘/ dfﬁcﬂvfd h\j“hf‘\f‘"’t jons ;S 'fu.nz‘c

fhat _J;
[oH™] = 2 x ¢-T1 x107"

= 342 x0™ mordmd ' E
4
Now o |
K;P = [M3+2]{OHJ1 _ j
= (1xi0) ((342x07 )" ;
/‘(Sp = 2x107" mot3dm3 -.‘
i
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CoMMON TON EFFECT

It is the phenomenon in which the s0lubility  of

one e(ec-éro{yfe is  Suppressecl by the addition ¢f ancther

Strong electrolyte  having o  commron .fon

The Shift of equilibrvium, caused by the addition ]

O?‘ an e:eatmty.‘:e. haw’nj an ion In commor with “he

dissolved falt is called common ion effect.

1) Addition Of NHy,CL suppresses the jonilation of NHyOH.

1 NH 04 == NHy "+ oW- E
NHyCl —s NHF +¢i
Ksp- LNHF] Loy
) LNHyOH )

Since _the conec. of NHY jons increases by adding

NUyCl, S0 equilibvium  Shifts +4u  7he (eft to keep the vale

of Ksp conciant and ionization OF NH.,OH is SUPPYQSQGL

Rdding a common ion preverts the weak acid

oy weak base from ilonizing as much as it would

without 7he added comrmon ion. The common ion

effect suppresses 7he lonization of a weqk aeid by

addng wove of an ion that s a product of +his

e quili bvium.
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PURIFICATION OF Nall T

Puvification of Nall is cavried out by passing

RCl gas  through a gcatuvated Solution of Nacll

Nall = Na' + C\”

HCL  — W -

ClI™ is a common on due 1o which equilibrium

chifts +o the backward directron whereby Nall precipitates
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