Chemical Equilibrium

N»(g)+3H,(g) — 2NH3(9)

2NH3(g) — N»(g) +3H,(9)

N, (9)+3H,(9) =<=2NH3(9)

. _ . L N
—=— . theequation can beread in either direction



Ay (9)+B,(g) == 2AB(9)

Concentration
N/
\




Ay (g)+B,(g) —= 2AB(Q)

K : forward reaction rate constant

K, reversereaction rate constant

rater = ke [A; [B,]
rate, =k [ABJ°
At equilibrium rate; =rate,




ki [A]B,]=k [AB]

Ke [ABJ
kr B [AZ][BZ]
_ [AB[
e~ TlBo]

K. : equilibrium constant



Heterogeneous equilibria

Equilibriainvolving substancesin morethan one
phase are called heterogeneous equilibria

The concentration of a puresolid or liquid are
constant when temperature and pressureare
constant

CaCOjz(s) == CaO(s) + CO,(g)

Ke = [COZ]



N->O4(g) == 2NO,(9)

Equilibrium concentrations:

[NLO,|=4.27x10"?mol / L
[NO, |=1.41x10mol / L

NO,R  (141x1072mol/Lf

K, =

N,O,]  (4.27x10"2mol /L)
K. =4.66x10>mol/ L



For a general reaction

aA(g) +bB(g) == cC(g) +dD(g)
CF[Df
AP [B]

Equilibrium constant can be expressed in pressures

CaCOj3(s) == CaO(s) + CO,(g)

Ke =

Kp = Feo,



For a general reaction

aA(g) +bB(g) == cC(g)+dD(g)
PSPS

K, =
" PP

Thereation between K .and K 5.
Assuming ideal gas behavior
PV=nRT— P=(n/V)RT

n/V = concentration



P, =|AIRT

Pa =[AP(RT)®
P =B (RT)"
Re =[C(RTY’
Py =[DJ (RT)




CI°(RT)¢[D]° (RT)“

Kp =

i
]
KP _ [C]C[D] (R-I-)c+d a—Db

[AP[BT

KP _ KC(RT)C-I-d—a—b
KP _ KC(RT )(C-I-d)—(a—l-b)
Kp = Ko (RT )"

[AP(RT)2[BP(RT )"




An=(c+d)-(a+Db)

c + d =total moles of the products

a+ b =total moles of the reactants



PCl5(9) == PCl3(9)+Cl»(9)

Kp = K. (RT)A"
An=1+1-1=1

Kp = K.(RT)



CO(g)+Cl,(g) == COCI,(9)
An=1-(1+1)=-1
Kp = Ko (RT)™

K¢

K —
P T ORT




Ho(9)+1,(9) == 2HI(9)
An=2-(1+1)=0
Kp = K¢ (RT )"

KP:KC



o Direction of thereaction

aA(g) +bB(g) == cC(g) +dD(g)
cF[pf

[AF[BF

At the beginning of thereaction A and B are present

and the forward reaction occurs, thedirection Is
towardsthe products

cF[Df

Q= Usinginitial concentratins

[AF[BF

Ke =




1.Q <K

Reaction direction: left > right  (forward reaction)

A and B decrease until equilibrium isreached

2.Q0>Ke

Reaction direction: right > left  (reversereaction)

C and D decrease until equilibrium isreached



What isthedirection of thethe following reaction?

N-O4(g) == 2NO,(9)

Given K. = 0.36 and theinitial concentrations
N,O, = 0.20 mol/4L
NO, = 0.20 mol/4L

| n units of mol/L
N,O, =0.20/4 = 0.05 mol/L
NO, = 0.20/4=0.05 mol/L



~ 0.05°
0.052

Q{K¢

Reaction direction: left = right

Q = 0.05



o LeChatelier'sprinciple

A system in equilibrium reactsto a stressin a way
that counteractsthe stress and establishes a new
equilibrium state

Stress:
»Change in concentration

»Changein pressure
»Change in temperature

»Addition of a catalyst



° »Change in concentration

H,o(9)+1,(9) == 2HI(9)

|f hydrogen isadded the equilibrium will shift to
decrease the effect of the concentration change

Reaction direction: left = right

If HI iIsadded the equilibrium will shift to decreasethe
effect of the concentration change

Reaction direction: right = left

Removal of one of the substances from an equilibrium system
will also cause the position of the equilibrium to shift



o »Changein pressure

N, (9)+3H,(9) =<=2NH3(9)

Pressur e increase:
Reactants: 4 moles
Products. 2moles

The equilibrium shiftsto theright

(direction: towards side with smaller # moles

If An =0
no effect of pressure change on the equilibrium



o »Changein temperature

N,(g)+3H,(g) =—=2NH3(g) AH=-92.4kJ

Since AH is negative, thereaction to theright evolves heat

N,(g)+3H,(g) = 2NH4(g)+92.4kJ

Theforward reaction I1s exothermic

Thereversereaction IS erdothermic

If heat iIsadded, the position of the equilibrium shiftsto
the left



CO,(g) + H,(g)== CO(g)+H,O(9)
AH = +41kJ

CO,(g)+H»(g)+ 41k —==CO(g) + H,0(9g)

|f heat iIsadded the position of the equilibrium shiftsto
theright

Thenumerical value of the equilibrium constant changes
when the temperatureis changed



|ncreasing the temperature always favor sthe endothermic
change

Decreasing the temper ature always favor s the exother mic
change



o »Addition of a catalyst

Addition of a catalyst has no effect on the position of
the equilibrium

A catalyst would affect both, forward and rever se,
reactionsequally

A catalyst will cause a system to attain equilibrium
morerapidly than it otherwise would



o Adding chemical equations

O
SC)2(9)+%Qz(9)_“—503(9) Ke = S0 1
(S0, [0, ]2
1
NO,(g) === NO(g) +,0,(9) ¢ _ [NOJO,]2
- [NO, |

O,(g) + NO,(g) == 303(g)+ NO(9)

NO ]SO,
e =[N0, [0,




(S0, [0, ]2 i [NO, |
Ko x Ko = [S0; ] _x [NO JO, |2
" [w,]o,le  MNO




Example
S(s) +0,(9) =< S0,(9) K, =5.0x10°
Kl _ [g)Z]
0, ]
,(9) = S(5)+02(9) K;=?
O 1 1
K2 _ [ 2] K2 _ -
(S0, ] Ky 5.0x10



Example
H,(9)+S(s) ==—=H,S(9) K ,=1.0x103

S(s) +02(9) =—==302(9) K750<10°
Determine K . for the following reaction

H,(9) +0,(9) == H>3(9) +0,(9)



H,(9)+S(s) == H,S(9)

0,(9) == S(s) +0,(9)

H,(g9)+30,(9) == H»3(9)+0,(9)

KC:leizl.OxlO_Bx 1

. -10
< = 02100 = 2.0x10




° Example

Cl,(9)+PCl;(g) ==PCl;(9)  K,=8.0x10"

< [PCl

1" Tpal,Jc

|

PCl;(g) ==ClI,(g9)+PCl;(g) K,=7?

[PCl,|C

|

K, =

PCI.

1 1
K, 8.0x10%



1 1 1
EPCIS(Q) — §C|2(9)+§PC|3(9) Ks=7?

[PCIS]% 1 )2 RY
s = L K. ) | 8.0x10®
[PCl, |2|Cl, |2 1 e




[PCI.

= Trar,Jon ]

2PCl,(g) +2Cl,(g) == 2PCl,(g) K,=?

[PCl. |
K, = 2 = K2 =(8.0x10%*)?
TP FlaLE TG




o Example

S 0.100mol of CO was mixed with 0.100mol of H,0(g) in a
® 1L vessal and allowed to reach equilibrium at 500°C.
g if K,=4.06, determine the equilibrium concentrations.
O
-
S | CO(9)+H,0(9) == CO,(g)+H,(9)
‘_ _ 0.100M 0.100M 0 0
Initial
Chang - X - X + X + X
0.100M-X  0.100M-X X X

Equilibrium



CO, [H, ] (XXX) _
R =1coH,0] (0.100- X \0.100-X) P

(X)X) _
(0.100 - X )(0.100- X ) +00

(X)
(0.100- X )* +00

((0.1((;)(z X )jz =40




(X)
= 1/4.06 —— X = 0.0668
(0.100 — X )

|[CO|=[H,0]|=0.100-0.0668 = 0.033M

[cOo,|=[H,]|= X =0.0668M



° Example

% 0.20mol of H, was mixed with 0.20mol of 1,(g) in a 2.0L
® vessel and allowed to reach equilibrium. At equilibrium
*G_c.; [1,] =0.020M. What isthe value of K_.?
&)
-
G H,(9)+1,(9) == 2HI(9g)
‘ Sy Ly 0
Initial 2.0 2.0
Chang - X - X + 2X
0.20 0.20 2%

=Y X =0020 —Z2- X =0.020
20 2.0

Equilibrium



02'_2(? X =0.020——s X = 0.080

[T
", I1]
[2x0.080

K — = 64
“]0.020]0.020]




. <= Concentrations

=]
=,
D

Equilibrium

o Example

0.300mol of N,O, Isplaced in a 2.00L. if K. =4.50, what

aretheequilibrium concentrations?

N,O,(9)

0.300

—M
2.00

0300
2.00

A
v

2NO,(9)

+ 2X

2X



NO, [ (2X)°
° [N,0,] (0.150- X)

=4.50

4X?*+450X -0.675=0

Second order equation aX°+bX +c=0

_b++/b? - 4ac
2a
o —A5% J(4.5)% — 4(4)(—0.675)

2(4)



X =0.134 or X =-1.26

Choose the positive value of X

NO, |=2(0.134) = 0.268M
N,O,|=0.150-0.134 = 0.016 M




