Equilibrium Concentrations: name:

1) The given chemical reaction illustrates the synthesis of a chlorofluorocarbon (CCls), which was
formerly widely employed in refrigeration and aerosol industries before its detrimental impact on the
ozone layer was recognized.

Reaction: CSyig + 3Clhe = SoClhg +  CClagg)

In a 1.5-liter container, 1.35 moles of CS; and 2.085 moles of Cl, are initially introduced. Upon
reaching equilibrium, 0.51 moles of CCls are formed.

What is value of the equilibrium constant.

Données: Calcul:
Nes, =135 mol 1. Calcul des concentrations:
Ne. = 2,085 mol 1,35 mol
”cci: = O,Slosmol I3 = 13,550 p o Al [eclle, = 0'?:0?0! = 0,340 mol/L
V=150L 2,085 mol
K=2 [CL} = e = 1,39 mol/L
2. Report des données et utilisation du tableau IVE ol Céq =L+ ALC: 3. Calcul de la constante
Concentration d’équilibre:

(mol/L) G, @ P 3C|2(g) = 5, o * ccl, @ _ [s,CL] - [CC|4]
Initiale (C) 0,900 1,39 0 é ¢ les)-[a
Variation (AC) —0,340 ~1,02 +0,340 +0,340 _ 03400340
Equilibre (C,,) 0,560 0,37 0,340 0540 0,560 - (0,37)3

= 4,1

Réponse: La valeur de la constante d’équilibre est de 4,1.

2) The following synthesis reaction for NOBr takes place in a 2.5L container.

Reaction: Broe + 2NO@ &= 2NOBr()

At equilibrium the system contains 1.25 moles of Br,, 0.75moles of NO, and 0.15moles of NOBr.

What is the value of the equilibrium constant for the above synthesis of NOBr and for the
decomposition of NOBr.

Calcul:
1. Calcul des concentrations a I’équilibre:

n
o v 2. Calcul de la constante d’équilibre:
1,250 mol [NOBr]2 (0,060 0)? —
s e K = = > = y
[Brzl = —Z—SOL_ = 0,500 mo'/l- Csyn [Brz] 5 [NO]Z 0,500 - (0,300)A
0,750 mol 3. Calcul de la constante d’équilibre de la réaction inverse:
[NO] = ——— = 0,300 mol/L ) '
2'50 L K = —_— — ]2'5
0,150 mol “ K, 00800

[NOBr] = ———— = 0,060 0 mol/L
2,50 L

)




3) Consider the following reaction:

CHsg) + HaO) = COrg) + 3Hyp

This is known as steam reforming of methane, a key industrial process used for the production of
hydrogen gas for human purposes.

A 2.0-liter reaction vessel initially contains:

e 1.00 mole of CH,
e 1.50 moles of H,0

At equilibrium, 0.40 moles of CO are present.

Calculate the equilibrium constant, Kc, for the reaction.

Step 1: Calculate concentrations for substances given

Step 2:

CH, (mol/L) H,O0 (mol/L) €O (mol/L) H, (mol/L)
Theory 1 1 1 3
Initial 0.50 0.75 0 0
Change -0.20 -0.20 +0.20 +0.60
Equilibrium 0.30 0.55 0.20 0.60

_ COJ[Hy]? 0.20)(0.60)3

seps g [COIEE (020060 _ .o

[CH.J[H» 0] "~ 7(0.30)(0.55)




4) Phosphorus pentachloride (PCls) is a volatile compound that decomposes at high temperatures into
phosphorus trichloride (PCl3) and chlorine gas (Cl,). This reaction is reversible and reaches
equilibrium in a closed system. The reaction is shown below:

PC|5(g) = PC|3(g) + C|2(g)

At 500 K, the equilibrium constant (Kc) for the decomposition of phosphorus pentachloride is 15.
A sealed container is initially filled with 2.0 mol/L of PCls, and no PCls or Cl, is present at the start.

Calculate the equilibrium concentrations of all substances once equilibrium is established.

PCl;5 (mol/L) PCl3 (mol/L) Cls (mol/L)
Theory 1 1 1
Initial 2.0 0 0
Change -T +T +T
Equilibrium 20—z T T
K — [PCL;][ClL,]
¢~ T [PCl]
5o @@
(2.0 —x)
2
xr
1 =
5 20—z
15(2.0 — z) = 2*
30 — 15z = 2

2’ + 15z — 30 =0
Now calculate the two possible values for 2:
r= ~1.785 & =~ —16.785
Since concentration cannot be negative, we discard the negative root and take & ~ 1.785.

Plug this value into TICE table for x to get final equilibrium concentrations

Equilibrium 20—z T T

2.0-1.785 1.785 1.785

e [PCl;) = 2.0 — 1.785 = 0.215 mol/L
* [PCl3] = 2 = 1.785 mol /L
¢ |Cly] = 2 = 1.785mol /L




