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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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3-1-B. Heterogenous equilibria
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3-3 The equilibrium constant
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3-4 The relation between equilibrium constants

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

For Ideal gas where pV = nRT (1**-SEM_Chpt_1)
e uaso dolaedl Culs Baleby

n
p =y RT (3-7)

n

v’ Represents the molar concentration,So eq (3 — 7) will be as follows
p = CRT (3-8)

A Dslaodl e Jsazid ¢(3-5) Dslaalls (3-8) Aslaadl o (332 Jassall ded oy g

& (RT)* c (RT)?
P~ "c3(RT)" cb(RT)? (3-9)
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d
cc €p
_ (c +d) —(a+b)
kp = ~acn (RT) (3-10)
A*B

k, = k. RT*" (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,(g) + H;0 (g)

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

k, = k. RT*" (3-11)

An = Z(nProducts) _Z(nReactants)

An = 2(1 4 1) —2(3 4 1) =—2

k,=3.5 x 1073 [(0.082 atm L/mol K) 396K] >
k,=3.5 x 1073 (32.472)2 = 3.314 x 10~

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

CO(g) + 3H,(g) «—— CH,(g) + H,0 (g9)

3-4-2 The relation between kx and k,
Pi = Xi Protat (Dalton’s law)
A Aslaall e Juasss ¢(3-5) Dslaall (§ 053ls Dslas gy 332 Laisall dagd (e (gaslly

_ Xept Xppt
= =% (3-12)

k
P x4p? xbpt
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Xé x5 .
k, = o] (pr)ctd-(@a+h) (3-13)

(3-14)

<An = zero S Azl dlgall g0 dde ] Solue Aslazall dlgall cY g0 dde 0555 odis Ala>Me
1Al (3-14) Aabaal) iS5 Ul

ky =k, = 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, (kp = kc = ky).
JW1 Je il bypad 2 4
N;(g) + 02(g9) ——2NO(g)
H,(g) + I,(g) < 2HI(g)
HI &Y g0 sde HB Jie ¢V pz>93 cleg § 12 0o 9o (b) o Jelity Ha 0 Jge (a) Lo S Laiad oIl
U1 UKl i Jelad! 56 Ol s 2X (p 455Siel!
H,(g) + I.(g) =—— 2HI(g)

a b
— — 0
Initial conc. 4 4 att=0
a— x b — x 2x
Conc. @ Eq. v vV v at Eq.
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(3-16)

&) (& Goluio dxililg Acliiall ol gald Y goll due Y U39 Unlaall pelas Y ezl S L Jasdls
OBV Col dadd (e Ll Jasyallg ezl 56 clUD
(ICE method) plassisl dxsllly delaioll slgall (3321 Jaiuall DY 03P ol e ! oSoy

Hy(g) + 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.

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

_ P
p =
PH, P1,

Pi = Xi Protar (Dalton’s law)

k

n;

Xi =
Nrotal

a—x
PH, = at b Protal

b—x
P, = a+ b Protal
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2x

Pur = at b Protal

pr)® B 4x?
"~ (a-x)(b-x)

kep = a-x b-x
(75 Pr) (g7 Pr)

ke, = 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 # 0, (k; # kc # ky)

3-5-2-1 Increase in the number of moles
: W JLdl (3 WS jlall elsas IS (e ckp ol LS ddya0 S

PCls(g) =—— PCl3(g) +Cl(9)

Initial moles n 0 0 att=0
Change to —na +na +na
reach Eq.
Conc. @ Eq. n(l y a) ha na at Eq.
(Degree of dissociation) <K&l d>ys Jied cor
AW Dslaadl IS oyo 0 S8l dmpaolon) oo
(Tl - neq)
a = ——— (3-18)
n
O gl dis Y gadl dus Jioitd Neq Lol ISaU! 8 Baledl Y go dus Jied n Cu
(0<a<1)ob gl adly . Bakadl e ol Blll 52 Jinid ¢(1- a)
7|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
dr.abduljabbar@uomustansitivah.edu.iq

Dep. Of Chemistry
PhysChem For 2™ Y_UGS_2" SEM

Chht_ Three_Chemical Equilibrium

Ppci; Pci
kp — 3 2

Pprcis
Di = Xi Protar (Dalton's law)

Ntotal = N+ N+ N(1 —a) =2na + a—kea) =n(l + a)
na

Ppci; = m Pr

B na

Pci, = m Pr

_ #(1-a)
Ppci; = m Pr
a a
 _AroPrara P dpr G+
P (-a) T A+ od+e 1-a)
1+ a)

“ZPT
k (3-19)

Homework 2: What is the degree of dissociation of H,0 at 2300 K when the reaction
is allowed to come to equilibrium at a total pressure of 1.00 bar?

Where K is 1.1 x 10,
1
H,0(g) —— H;(9) + 502(9)

Initial moles n 0 0 att=0
Change  to

reach Eq.
Conc. @ Eq. at Eq.

The End Of 15t Lecture
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3-5-2-1
Idlﬂ\ Jeladl Cowsg lf.:}o;)“)Lc CL‘LS\ IMS (e ckp ©lu> @%»S@_}M L)i"f [VF-3
3H,(g9) + N2(g) —— 2NH3(9)
Initial moles 3 1 0 att=0
Change to —-x —x +x
reach Eq.
Conc. @ Eq. 3 —-3x) 1-x 2x at Eq.
An=2-4=-2

Niotal=2X+3—-3x+1-x=4-2x

(3-20)

3-6 Determination of k.q in homogenous liquid system

CH3COO0H(l) + C,HsOH(l) =—=CH3CO00C,Hs(1) + H,0 (1)
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. e — 0 0 =
Initial conc. v v att=0
Change __x __x + f + f
reachtoEq. V V |4
a—x b — x x x
Conc. @ Eq. v v Vv Vv at Eq.
X, X
Cchscooc,ts Cryo (ﬁ) (;_L)
ke = C C - a-—x.b—x
CH3Cc00H LcyHs0H ( v )( v )
xZ
~ (a-x)(b—x)
(3-21)

3-7 Effect of temperature on chemical equilibrium
OBV apge Al I ASA ol Jasuall i G35 L cJaidd Blyoell damys i wis OIEYI Colb iy

21 puSlay G oYL dxiy Oedl pUAI OB ¢ ahilind T 3399 OIFYI Coll dod il O9d
e 290l

Exothermic reactions: increased temperature favors the reactants. (Le Chatelier’s principle)

Endothermic reactions: increased temperature favors the products.
donls Sy Ol ol § il O I cctlealinaga il QU1 093l e Lol ostaicl plilagd 8acl
) Aolnall I (y0 aske Juansl] S Bylyoel! dmpuy i
A,.G° =—RTInK (3-22)
4,67 (3-23)
RT

If A,G®< 0, the forward reaction is spontaneous.
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If A,G®> 0, the revers reaction is spontaneous.
If A,G®= 0, the reaction is at equilibrium.
2 @9 «(Gibbs—Helmholtz_1° SEM_Chpt4) dslas pliseiwl

e (S
d(AT;T /M __ ATTFZI (4-35,36)

31 Dolaall e Juams (3-22) Dolaall § AGO dad e argaillg

(Van't Hof f equation) (3-24)

((BH® < 0) Cus duwlidll g yall wis g Bylymel) Lol Jeladll 0950 iy cBga cild Uslas U (1o
90 Sy Ji5 CBgan il dasd BI8 Bylymell Ay B3L3 &l sy Lt Ll Juallg cdink/dT < 0 S8
Lo (e lazoll lgall) Hlud) dgz )zl g 031901 O AL BU g e ((3-2b) JSadl 3
SXadl (3 o g0 WSy Bylymell (oledl Jelldl > (3 (uSall dswg A3l dlgall Byly> (3 OLaddl ] $o%

.(3-13)
| | |
A l\i B A Il B
t u|
\
1T
\
w T
>: \‘I T
g o S\}High temperature o U;”Qn temperature
E T
* = \ \Low temperature £ \ \Low temperature
= .‘ = \_/
. s | <
S VAl
(a) Population, P (b) Population, P

Figure 3:2: The effect of temperature on a chemical equilibrium

AW Aolaadl e Juass (3-23) Uslaall JobS dicg

1
TR (T—— T—),Temperature dependance of k JEERE)]

lnkz— lnk1 =
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«Gibbs dslxe JI E923b9
A.G° = A.H® — TA,S°,1st_ SEM_Chpt_4 (4-38)

s e o 8y)ymd)l dmys 8505 ¢(Exothermic) 8)ly=l teb Jelad! 0550 bodis ¢(4-38) Aolaall 339
s 0190 g cduzrgo (+A:5°) 0955 el 3 Jausall &dlgdus 8L JI (635 Lo (— AHC /T) Hladall
«(Endothermic) &ly=l ol Jeladl 050 lodis Lol keq daxd a5 ST dlelasiad] lgall oloxil pud! sl
sedl Jelasll sy JWb (dlds (+AHT/T) dasd oaiy 8ylyal d)s 8oL die Jauonall dslgtuall Ja5

Keg 4 21335 51 A=5L1 ol gall ol

Example 2: The data below show the temperature variation of the equilibrium
constant of the reaction. Calculate the standard reaction enthalpy of the
decomposition.

Ag,COs3(s)

Ag,0(s) + €O, (g9)

Table 3-1: Shows the temperature variation of the equilibrium constant of the above reaction

| T/K 350 400 450 500
K 398x10°  141x10°  186x10° 148
Solution 2:
dinK —AH®
T RrTZ (Van't Hof f equation) (3-24)

pelians Jas (ole WS e Juams disyay o SUgedliall e J> J=Y (3-23) Caga cild Aslas pisiud
Gl Ggizeall O 1am3 O oSy eyl IS 30 o o(1/T) bl (INK) o doled! @3N oy
(3-2) UKL 90 LSy uall J03 (AHO/R) dasilly cBplyzell dys o aine s gl

Table 3-2: Shows the answers of example 2 after applying of equation (3-23)

T/K 350 400 450 500

(10°K)/T 2.86 2.50 2.22 2.00

-In K 7.83 4.26 1.68 -0.392
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6
¥ f’/
c 4
T

o
2
T
2 2.2 2.4 2.6 2.8 3
(10° KT

Figure 3:3: When -In K is plotted against 1/T, a straight line is expected with slope equal to ArHS/R if the standard

reaction enthalpy does not vary appreciably with temperature.
Syl Sgimall e Juass ol 0ds IS (109 (9.6 X 102 K) (2 Jsall Lasd O (3l @anydl UM (109
: JWEy Jelail) gwlad)l

AH® = (4+9.6 x 10°K) xR
= + 80 kJ mol?!

Example 3: To estimate the equilibrium constant for the synthesis of ammonia at 500
K from its value at 298 K (6.1 x 10°) for the reaction written as

3H,(g9) + N2(9) 2NH3(9)
use the standard reaction enthalpy, which can be obtained from the resource
section by using AH° = 2AH° (NHs,g), and assume that its value is constant

over the range of temperatures. Then, with A,H® = -92.2 kJ mol™.

Solution 3:
Ink, - Ink _AH? 11 (3-25)
nk;— nky = R (TZ_Tl
(—9.22 x 104 mol™) 1 1 )

Ink, =In(6.1x10%)- -
nk; = In (6.1x 10°) 8.314] K- mol-1 ‘500K 298K
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3-8 Chemical equilibrium for heterogenous reaction

S Jad 09515 3399 ¢ Lo ;399 Wlo 0190 a1 ST o1 cpygl ddlontoll p code bl (pasiais
JL AWl bgauall ey Byl Wl gz dis axly ) bglus 0950 Ll of (p cbiall 4 S0

U gl e )l s b gaall of ldladdl adseiud ¢)ylgb¥! dudleio il Melal § :dasdho

2
PNu;Pco
ke, = 31_2 = p12\1H3p602
2) CaCO05(s) CaO(s) +C0, (g9)
k, = Acqa0Qco,
Acaco,

Where acaco, (s) = Acaois) = 1

ko = aco,y)

a = pco,, Hetrogenous reaction @ Eq.

kp = Pco,
3) Hy(9) + S(9) = H,S (9), G
PH,s
k, = —
PH, Ps
4) H,(g) + S()= H,S (9), CHITI4
PH,s
k, = —2
PH,
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Hj(g9) + S(s)== H,S (s) [CRNIIA

p o 1
P PH,
of Wadll alusuinl o dusloviall pé MW SIEY Col Clus tic i Aas>dle Sey Ud

AU Byguas Jilud! g Cduall yalall 0950 O b A djlad! il gSald Lo giuall

5)

3-9 Calculation of chemical equilibrium by indirect method
C0,(g) == CO(g) + 30, (g)

1
_ Pco P2y,
Pco,

o W1 e Ll Iy @3 (a9 ¢35l ol Gulid il (p B18 el o g9l 1 (3

kp

1
. 1 Pu, P?o
H0(g) — Hz(g>+3502(9). kp, = —/—
PH,0
__PH,0Dco

CO,(9) +H gy —— H;0{g>+ CO(g),k,, = oo, Dr
2 2

CO,(g) —— CO(g) +,;02(9)

ky = ky kp,

1
. = Pus P20, PmsoPco
P Pemo  Pco, Pus

1
_ Pco Py,

kp

Pco

Homework 2: A reaction has the following equilibrium constants, ki = 7.78 x 107 and

k2 =3.46 x 10 at 273 K and 298 K, respectively. Calculate AH®

The End Of 2rd Lecture & The End of Chapter 3
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