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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
bl ol J5Ludl o1 (5l jglall JUall Joaww e cdmlgll jglall g slgall o I Y (29
3-1-B. Heterogenous equilibria
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3-3 The equilibrium constant

by e f300b & 3ap Sly Adadll Jolas Ayme e Loy SLAN AV Jeladll ol e Lasls
&Jls (Active mass) Ulad)l Sl e Juam Qpall duol> 09 <€ 300 A 505 SUl9 (S g0l S
AW dolaadl w9 <@ 30,00 Loy

a=cf (3-1)

: QW JSdU (3-1) Walaodl zraas duds of =1 H18 driaseall Jdloeoll

a=c (3-2)

JW) Jelas Jladl Ja e

aA + bB(Reactants)k, sacwara === ™", (Products)cC + dD

WS (30 9 Jlgall e damililly Alelazall slgall Y gall sie e Ax @, b, € & d Spduall Cgyall oo S
U515 pusys (g cdaslilly delanoll slgadl 1515 (e aned A, B, C & D Lol ¢ddluo Sl dalaodl &jlgn ¢Sa
Agan B3lo 1S5 ye pd @I ulgd

Uslaall § «JIgdl Je (Backward) uSally (Forward) (Wl Jeladl de w cols Jiesd cky 3 ki bl
3,00 Dolaall NS oy 5o ke 5l coll sl 551 gl

ky _ [CI6[D]* .
% = TA[S[B]P =K. (At Equilibrium) (3-3)

US 8ole] ¢Sy Sl Jad 09518 pluswiabiy SLU AV (O15Y1) Jelatd] de e ol Jied cke o
JW! Kadby Adlaall DYy (3-3) Dslall

al af

al ab (3-4)

k, =

A WS AYas O ol cka Jiod
f = 1 Cuo dddseal) Jloeadl A § ¢(3-4) Uolaodl Gabal :dlasHle
a=108 Lball Al § AWy dlelanal slgall 055 bedis g O)lgil wis
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Lylyal Ayl e 331 dbass DY L1 3835 e ! Jaddl ed cdlill edleladl Dl (3 bl
1 QW JSCadb (3-4) Dolaedl s JWhg dipaal

_ Peph
P4 ph

k

P (3-5)

.33 Jaaall VWL Ol col ok Jied
: AW Aol w9 dd gl HguuSI UM (p0 (1319l ol (e uadll (Ses EldSy

_XeXb

k. =
X5 x5

X (3-6)

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 Dslaadl e Juammid ¢(3-5) Dslaall (3-8) dolaadl oo G320 i)l dad e (o925
¢S (RT)C ¢ (RT)4

P~ "c3(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 104,

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

Pi = Xi Protat (Dalton’s law)
A Aslaall e Juazss ¢(3-5) Dslaall (§ 053dls Dslas gy 332 Lassall dagd (e (gaslly
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L _ XePT XoPt

3-12
P x%p$ xbpb (3-12)
xXe x3 PR
k, = (pr)ctd-(@a+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
(Sl ¢(3-14) Aabaal) i Jull

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).
QW Jelad) o o i)
N;(g) + 02(9) ——2NO(g)
H,(g) + I,(g) «<—— 2HI(g)
HI @Y g0 sue B Jsie Vo> 93 sleg 3 1 (00 Jgw (D) o Jelah Ha oo 9o (a) Lad OF piadd o3
W Sadb CaS) Jelad! OB 0l die 2X (2 435Sl
Hy(9) + I,(g) — 2HI(g)

a b
— — 0

4 4 att=0

Initial conc.
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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
QI ol daud e Ll aaallg pqw:UJp“G Ul |
((ICE method) plisciwl dx3Wly dlelaxell slgall 3520l Jasall WY OIBY! col (e sl oS

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

plqu
k, =
pHZ plz
Pi = Xi Protar (Dalton's law)
n;
X. p—

' Nrotal

a—x

PH, = 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, (kp # kc # ky)
3-5-2-1 Increase in the number of moles
;W Jledl (3 LSy 5Ll el UMy ckp Sl &S Adyan (S
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) ha na at Eq.

(Degree of dissociation) <K&l d>ys Jied cor Eu>
A Aoleadl IS (po o el damydalze)] (e

_ (n-ngy)
a = —- (3-18)
n

O gl dis Y gadl dus Jieid Neq Lol ISa! S Balodl Y go dus Jiwd n Eu
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(0< o< 1) o §3al arlly . atall xe patadl 8olall 32 Jhozd o(1- )

__ DPpci; Pct,

kp

Pprcis
Pi = Xi Protas (Dalton’s law)

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

na

Ppci; = m Pr
B na
Pci, = m Pr
_ #(1-a)
Ppci; = m Pr
a a
 _AroPrara Pt dpr G+
P (-a) A+ o+ (1-a)
(1+a)PF
“ZPT
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(g) =—— H,(g) + Eoz(g)

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 Decrease in the number of moles
Idlﬂ\ Jeladl Cowsg l;uy;)“)Lc CL‘LS\ IMS e ckp Ol %S@)M L)i"f L
3H,(g9) + N2(g) —— 2NH3(9)

Initial moles 3 1 0 att=0
Change to —x —x +x
reach Eq.
Conc. @ Eq. 3(1 —x) 1-x 2x at Eq.
An=2-4=-2

Niotal=2X +3—-3x+1-x=4-2x

k. =

(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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- a b 0 .
Initial conc. v v att=0
Change - _ x x
reachtoEq. V vV + + %

a—Xx b — x X x

Conc. @ Eq. v v % ; at Eq.

X, X

k. = CCH3COOCZHSCH20 . (ﬁ)(_l_[)

© " Ccuycoon Copnson (a — x)(b N x)
¥V A V4
~ (a-x)(b-x)
k, = o

€ (a-x)(b-x (3-21)

3-7 Effect of temperature on chemical equilibrium

Sltall 4o § s o 13]) ABLa b (o Aol il gl 1oy Bylyol Ay ity 015l ol i
AT B e Jomy U ootV rean Jolaidl 06 Ol ghadl pUAYI 3 ¢ 1S 9T Byl Az 9l Jais (50

- O RV INVE RPN ng\.’.;.”
Exothermic reactions: increased temperature favors the reactants. (Le Chatelier’s principle)

Endothermic reactions: increased temperature favors the products.
Ao Gdso OBV colb @ el 0 1 celroloage il (W1 o glall e Tulul disl abilag) sacl
AW dolaadl NS 0 dde Jguaxdl USAJ 8l yzdl dmyds sl

A,.G° =—RTInK (3-22)
~A,.G°

InK = 3-23

n T (3-23)

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 pliseiwb

=) e
d(AT;‘T /T _ ArTPZI (4-35,36)

31 Dolaall e Juams (3-22) Dolaall § AGO dod e argaillog

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

((BHO < 0) G dunlidll B, L)l dieg Bylymel) Lol Jelad] 650 badieg B9 il dalae IS 4o
& 790 WSy J&5 Ggun ol dagd O 8ylydl damy 80l & s s Ll Jsallg cdInk/dT < 0 56
595 Loa (Aelinll slgall) Hlud) dgzr J) 2 Do 03150 O ABLEN Baed g duke ¢(3-2b) JSad!
~1a) JKadl § g WSy 8yl olall Jeladl Al (§ (uSiall ooy damill] sl gall Byl (§ Olaidl J)

(3
| | |
A— B A—F B
| |
\ |
w 1
s;‘ N \ \l\\ T
= o XB/High temperature o W'gn temperature
0 £ T
5 \ \Low temperature c \ ‘_ow temperature
- (4]
g | < s 1<
S o
Sl v
(a) Population, P (b) Population, P

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

AL Dslaall e Juames (3-23) Dolawdl oS dis g

A.H 1
Ink,— Ink,; = TR (T—— T—),Temperature dependance of k JMERE)]
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«Gibbs dslxe JI E923b9

A.G° = A.H® — TA,S°,1st_ SEM_Chpt_4 (4-38)
Judas e Joa3 8ylymdl Ay 8L «(Exothermic) 8yl Leb Jelad) 0550 bdie ¢(4-38) Aalasdl 339
0@ O3R! Jwaing cuzga (+ASO) 0955 €l 9 Jauall &lgdue 53L) JI S35 bow (= AHO/T) Hlaiall
«(Endothermic) 8yl jole Jelasd! 90 bodis Ll .keq dosd a5 ST dlelazall dlgall olasl pudl Al
) Jelasll sy JWL A3 (+AHO /T) dagd graaly oylymedl &) 8ob) dis Jauall ddlgdunll Ja5
Keg 4 21535 &1 A5l 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,CO5(s) Ag,0(s) +CO0; (9)

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

T/K 350 400 450 500
K 398x10°  141x10°  186x107 148
Solution 2:
dinK —A.H®
R RrTZ (Van't Hof f equation) (3-24)

eaiiann Jas gl WIS (o Juass disylay (SIgcdlall 1ia J> J2Y (3-23) Ggp cild doslas puseid
Gl Ggizeall O a3 O oSy el IS e o o(1/T) bl (INK) o doled! 33Nl oy
1(3-2) SKadb b g0 LSy Jeall 03 (AHO/R) dailly cbylyzell damys o daians p el

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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Figure 3:3: When -In K is plotted against 1/T, a straight line is expected with slope equal to ArHES/R if the standard
reaction enthalpy does not vary appreciably with temperature.

Gl Sgizmall e Jaams doxill 00 IS 109 ¢(9.6 X 102 K) (b Jodl LB 518 Gl ol IS 309
JWSy Jelatl) ool

AH® = (+9.6 x 103K) x R = 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;(g) + N2(9) 2NH3(g)

use the standard reaction enthalpy, which can be obtained from the resource

section by using A/HS = 20/HS(NH3s,g), and assume that its value is constant

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

Solution 3:
Ink,— Ink _AHT 11 (3-25)
nk; = thky = R (TZ_Tl
(—9.22x10*mol™) 1 1

Ink, =In (6.1 x 10°)- )

8.314] K1 mol-1 ‘500K 298K

13| Page Dr Abduljabbar I. R. Rushdi 2024-2025



Chpt_Three_Chemical Equilibrium PhysChem For 2" Y_UGS_2"? SEM

Ink, =-1.7 — — — —

3-8 Chemical equilibrium for heterogenous reaction

Sl Jad 096 3333 « Lo 4399 Wl 0650 Lot JiST ol cyupgl ddlomiall st Meland] (yaqiais
JL AWl bgauall ey Byl Ol gz dis dxly ) bglus 0950 Ll of (fl cabsall A S0

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

2
PNu;Pco
k, = +2 = P12\/H3pcoz
2) CaCO05(s) Ca0O(s) +C0, (g9)
k, = Acqa0Qco,
Acaco,

Where acqco, (s) = Acaois) = 1

ko = aco,y)

a = Ppco,, Hetrogenous reaction @ Eq.

kp = Pco,
3) Hy(g9) + S(9) = H,S (9),[CEIIIE
k, = PH,s
PH, Ps
4) H,(g) + S()= H,S (9),[CIIY
kp _ PH,s
PH,
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5) Hy(g) + S(s) == H,S (s) [CRETIUNE
K = 1
P PH,

o el alseiwl o dwdliall Ad cMeEW SV ol Ol dis 4 dlasdle oS Ld
A Bygua Jilud!l ol Lduall yelall (9950 Of b & dujladl il gSeld o gl

3-9 Calculation of chemical equilibrium by indirect method
C0,(g) == CO(g) +;0; (g)

1
_ Pco P2y,
Pco,
o) ke sl OB pe @3 (Sang gl ol Guld ansall o O el o g9l Ao

kp

1
2

- 1 Pu, P%o
H,0(g)y —— Hx{g)+50:(9). kp, = — 2
PH,0
- PH,0 Pco
CO,(9) +Hztgy —— H,0(g)+ C0(9),k,, = —"——
Pco, PH,

CO,(g) =—— €CO(g) +,02(9)
ky = ky ky,

1
k. — Pz P2o, PrsoPco

p

Pmo  Pco, Pus

1
_ Pco P?y,

kp

Pco

Homework 2: A reaction has the following equilibrium constant, k1 = 7.78 x 107 and k:

=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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