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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

P = - RT (3-7)

n

7 Represents the molar concentration,So eq (3 — 7) will be as follows

P = CRT (3-8)
AW Aolaadl e Juamid ¢(3-5) dolaall (3-8) Aoslaall o (332! laisall dad oye (o gas
¢S (RT)C ¢ (RT)4

P~ ca(RT)* cb(RT)? (3-9)
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c ,d

Cc Cp N
k. = D (RT)(c+d) (a +b) (3-10)
CaCp

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 (9)

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[Products] —z[Reactants]

An = 2[1 + 1] —2[3 + 1] =-2

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

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

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

Pi = Xi Protat (Dalton’s law)
A Aslaall e Juazss ¢(3-5) Dslaadl (§ 053ls Dslas gy 332 Jaisall dagd e (gaslly
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L _ XePt XbP

3-12
P xSp$ xbpb (3-12)
xXe x3 D cash
k, = (pr)ct9d-(@+h) 3-13
P x%xb (3-13)

(3-14)
«An = zero Z)Ls A3 U1 ol gll C))’_g.o dde ) c:;gLM dlelaiall ol goll CJ)’}A dde C)gﬁ Lodie dlas>de
1Sl ¢(3-14) Aabaal) i Ml

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).
AW Jelasdl Lpad o i)
N;(g) + 02(9) ——2NO(g)
H,(g) + I,(g) < 2HI(g)
HI &Y g0 sie O diie oV @z 95 sleg 3 12 3o U (b) 2o Jelats Ha o0 oo (a) Lad &T (2t o3
W1 adb CaS) Jelad! OB Ol die 2X (2 435Sl
Hy(g) + I,(g) — 2HI(g)

a b 0
vV |4

Initial conc.

att=0
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Conc. @ Eq. Vv v 72 at Eq.

(3-16)

43 &si Soludio dzxililly deliiall slgald Y gall Sue OY U39 dolaoll yglas Y x| Ol L Jasd
OBV colb daid (Lo Lol Jasuallg WUJQ'G Ul |
{(ICE method) plisciwl dxsWly dlelaxell slgall (3520l Jassall WY OIBY! Cob (e il S

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 atEq.

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

P%ﬂ
k, =
sz plz
Pi = Xi Protar (Dalton's law)
n;
X. p—

' Nrotal

a—x

Pu, = at b Protal
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b—x
P, = at b Protal
2x
Pur = at+ b Protal
2x
k (a+ b pT)Z _ 4x2
P a-x b—x ~ (a-x)(b-
G o) (e pp @HEY)
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 Jbadl (3 LSy 5Ll efSas UM (g ckp lu> 84S 8820 (So
PCl5(g) = PCl3(g) + Clx(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) <K&l d>ys fied cor Eu>
1AW Aol UM (0 o el dyaala) oS

_ (n-ngy)
a=——- (3-18)
n

O gl dis Y gadl dus Jieid Neq Lol ISaU! B Baledl Y go dus Jind n Cu
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(0< o< 1) o §3l anlly . atall xe aiall 8olall 32 Jozd o(1- )

__ DPpci; Pct,

kp

Pprcis
Pi = Xi Protas (Dalton’s law)

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

na

Ppci; = m Pr
B na
Pci, = m Pr
_ #(1l-a)
Ppci; = m Pr
a a
L _AroPrara P dpr G+
P (=) At aa+e 1-a)
(1+a) PT
asz
kp = a2 (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?

1
H,0(9g) =—— H,(g) + Eoz(g)

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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