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3- Chemical Equilibrium
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Figure 3:1: Showing the direction of equilibrium, where >> 1 will be towards the products, and << 1 will be towards the
reactants.

3-1 Types of Chemical equilibria

3-1-A Homogenous equilibria
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3-3 The equilibrium constant

by nae f 300b 4 Sap Sy ddladll Jolae ddyan oo Luoays SLAN AV Jelasl coli e Tasls pm
&1y (Active mass) ladll dAiSIl e Jsazd Qpall duol> (109 € 30,Jb & S05 Sdlg )Y g0l 1SAL
AU dolaadl Caw9 ca 30,Jb Ldio 0

a=cf (3-1)

U1 UKl (3-1) Wolandl graal adde of =1 8 daaseall Jdlmal

a=c¢c (3-2)

:dlﬂ\ Jelad! Jlad! o (Jeg

aA + bB(Reactants)k, paciwara === F"" "¢, (Products)cC + dD

3 edlsdl Je Axilly dlelatall slgoll @Y gall sde e pn (d & €) and (b & @) assall Byl oo S
dlelizall slgall 5515 5e A2 <([D] & [C]) and ([B] & [A]) Lol & luoSIl dalaall &5l g0 (S LI 30
Ao 33le 1S5y S (@) ulgdl 31 o3 (g ( Jlgl e Al

dolaadl § ¢ Jlg0l Je (Backward) swSalls (Forward) 2 Jelasdl de e colb Jiaid ck; 9 kg Wl
31 Aolaall I35 o0 oK Keg Gilsdl il sl .43l gzal

k, [C]¢[D]? ey
k_z N W =¥ (At Equilibrium) (3-3)

LUS Bale] oSy ASII Jad 0938 pluseiwby SN AV (O13Y1) Jeladl de s ol Jiad ke G
W) Kby Adladll Yoy (3-3) Dslaod!

ag ajp

a% ab (3-4)

k, =

Al ASI AV OV ol cky Jied
f= 1 Cyo sl Jullowall D> § ¢(3-4) Udlaoll Gulas :&la>dlo
a=1 0 adall Dl (§ dasllly delatall slgall 0555 Ladis g Ol g0l Wis

2| Page Prepared by Dr. Abduljabbar I. R. Rushdi For-educational use

Ref. of PhysChem: Atkins_(12" ed)_2023, Levine_(8" ed.)_2020 & Zumdahl_(11* ed.)_2020


mailto:dr.abduljabbar@uomustansiriyah.edu.iq

Uni. Of Mustansiriyah 2" SEM-2026_Bologna_Process
College of Science Thermodynamics of Liquids
Dep. Of Chemistry dr.abduljabbar@uomustansirivah.edu.iq

Chpt_Three_Chemical Equilibrium PhysChem For 2" Y_UGS_2"?_SEM

dylydl Ayl wie 3201 daiis AV J 1S5 e il uadl (a8 cdygl edlelad] Dl (3 Ll
: QU1 JSadbs (3-4) Doladl el JUdbg dgasl

_ Peph

k. =
ps ph

P (3-5)

3ol daiall YL OIS ol ck Jied
1AW dolasd) Caw9 Ad gl yguSII IS e O)lgll Colb e il §Ses U8y

_ XeXb
x5 x5

key (3-6)

3-4 The relation between equilibrium constants

3-4-1 The relation between k. and k,

For Ideal gas where pV = nRT (15*-SEM_Chpt_1)
e uass dolaall by Bolebyg

_n
p =y RT (3-7)
n
7 Represents the molar concentration, So eq (3 — 7) will be as follows
P = CRT (3-8)
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cé (RT)C ¢ (RT)?
P~ c4(RT)? cB(RT)? (3-9)
3|Page Prepared by Dr. Abduljabbar I. R. Rushdi For-educational use

Ref. of PhysChem: Atkins_(12" ed)_2023, Levine_(8" ed.)_2020 & Zumdahl_(11* ed.)_2020


mailto:dr.abduljabbar@uomustansiriyah.edu.iq

Uni. Of Mustansiriyah 2" SEM-2026 Bologna_Process

College of Science Thermodynamics of Liquids
Dep. Of Chemistry dr.abduljabbar@uomustansirivah.edu.iq

Chpt_Three_Chemical Equilibrium PhysChem For 2@ Y_UGS_2"1_SEM
c .d

Cc Cp _
k. = (RT)(C+d) (a+b) (3_10)

|4 a b
CaCp

, = kc RTAn (3_11)
Example 1: Calculate k, for the following reaction at 123 °C where k. is 3.5 x 1073.

CO(g) + 3H,(g) «—— CH,4(g) + H;0 (g9)

Solution: ke =3.5x 103, T=123°C +273 =396 K & R = 0.082 atm L/mol K

kp = kc RTAn (3_11)

An = z(nProducts) - Z(nReactants)

An = 2(1 + 1) —2(3 4 1) =2

k, =3.5 x 1073 [(0.082 atm L/mol K) 396K]*
k,=3.5 x1073(32.472)"% = 3.314 x107°

Homework 1: Calculate k. for the following reaction at 27 °C where k; is 3.44 x 10

3-4-2 The relation between ky and k,

Pi - Xi Protar (Dalton's law)
AWl dolaadl e Jua=s ¢(3-5) dolaadl (§ Ogdls dolas ope 3521 lasiall ded (e gl
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X5pF X5P7

ky (3-12)

d
_ Xc Xp (pp)(+ D - (@+b)

k
x4 x5

p (3-13)

_ A
(3-14)
(AN = zero b d=slll dlgall ©Yge dde U] Golue dlelaiall dlgall Y ga sde 0555 Ledice 1dlas>dle
1JSAL ¢(3-14) Abaal) s Ml

ke = ky = k. (3-15)

3-5 Determination of equilibrium constant for gas’s reactions

3-5-1 Reactions which involve.no change in the number of moles

Notice: This type of reaction where An =0, and AV =0, (k, = kc = k).
W Je i Uya) o A
N2(g9) + 0,(9) <—— 2NO(g)
Hy(g) + I(9) «—— 2HI(g)
HI Y50 sde 3B dsie Vx> 93 sleg 312 o0 9o (b) o el Ha oo Jge (a) Lo T paiasd o3
P W1 USadl aSo Jelad! G Ol die 2X (p 455Sikall
Hy(g) + I,(9) =— 2HI(9)

a b 0
Initial conc. 4 4 att=0
5|Page Prepared by Dr. Abduljabbar I. R. Rushdi For-educational use

Ref. of PhysChem: Atkins_(12" ed)_2023, Levine_(8" ed.)_2020 & Zumdahl_(11* ed.)_2020


mailto:dr.abduljabbar@uomustansiriyah.edu.iq

Uni. Of Mustansiriyah 2" SEM-2026 Bologna_Process
College of Science Thermodynamics of Liquids
Dep. Of Chemistry dr.abduljabbar@uomustansirivah.edu.iq

Chpt_Three_Chemical Equilibrium PhysChem For 2" Y_UGS_2"?_SEM
a— x b — x 2x
Conc. @ Eq. v v v at Eq.
(3-16)

& ST Solucie dxililg dsliiall Slgall oY gall 3de OY 3 Wolaall pebas ¥ ezesddl Of L JasH
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H,(g9) + I,(9) ~— 2HI(g)

Initial moles a b 0 att=0
Change to —x - x +x

reach Eq.
Conc. @ Eq. a— x b —x 2x at Eq.

Notal = 2X + [(a-X) + (b-x)] =a + b

_ PJZLH
kp =
Ph, P1,
Di = Xi Protat (Dalton's law)
n;
X. =
' Nrotal
a—x

PH, = a+ b Protal
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b —x
P, = a+ b Protal
2x
Pur = at b Protal
2x
o - (G5 Pr)? _ 4x?
Poa-=x — (a—x)(b-x)

b—x
(G p Pr) (g Pr)

ky, = K. (3-17)

3-5-2 Reactions which involve the change in the.number of moles
Notice: This type of reaction where An #0, and AV 20, (kp # k. # ky)

3-5-2-1 Increase in the number of moles
: W) Jbadl (3 LSy Sl e8a3 IS (e ckp ool oS 48 yan Seu
PCl5(g) =—— PCl3(g) +Cl(9)

Initial moles n 0 0 att=0
Change to —na + na +na
reach Eq.
Conc. @ Eq. n(l - a) na na at Eq.
(Degree of dissociation) &S&J! d>yo Jied ot Eu>
;AL dolaadl IS cpo o et domydslom] oS
(n - neq)
a = ——— (3-18)
n
Ol gl s Y gall dus Jiokd Neq Lol cSai! Jud Boledl Y go dus Jiod n Cu
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(0<a<1) o s eally catedl ae (faedl 8oll e Jiesd ((1-a)
k. — Ppci; Pci,
P Pprci,

Pi = Xi Protar (Dalton's law)

Niotal= N+ N+ nN(1-a) =2na + a—na) =n(l +a)

na
Prci; = m Pr
na
Pci, = m Pr
n(l-a)
Ppci; = m Pr
a a
p o AT+t dpr Gt
P (1-a) 1+ a)@d+ea) (1-a)
1+ a) Pr
“ZPT
kp = a2 (3-19)

Homework 2: What is the degree of dissociation of H,O at 2300 K when the reaction

is allowed to come to equilibrium at a total pressure of 1.00 bar?

1
H,0(9g) —— H;(g) + 502(9)

Initial moles n 0 0 att=0
Change to

reach Eq.
Conc. @ Eq. at Eq.

The End Of 1+t Lecture
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