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UNIT 6.3 / CHEMICAL EQUILIBRIUM

Law of Chemical
Equilibrium

A structural breakdown of the equilibrium constant (Kc)

and the mathematical rules that govern reversible reactions.
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The Anatomy of a Reversible Reaction A
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(A+B2C+D)
A+ B R D
Reactants -y Products
Initially high concentration. Deplete over Initially zero concentration. Accumulate over
time as the forward reaction occurs. time as the reverse reaction kicks in.

Dynamic Equilibrium: The stage where the rate of the forward reaction perfectly equals the rate of the
reverse reaction. Concentrations become visibly constant, though molecular activity continues.




THE LAW OF MASS ACTION Ea

The Equilibrium Constant (Kc) TopAll

The stoichiometric coefficients from
the balanced chemical equation.
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The Equilibrium Constant 1
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(subscript ‘c’ c!enutes < O KC [ C ] [ D ]
concentration). [ A] a [ B] h ) ]

1 \ Reactant concentrations.
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Equilibrium Concentration
(measured in mol/L).

/3—, Product concentrations.
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At a given temperature, the ratio of product concentrations to reactant concentrations
(raised to their specific powers) yields a constant value.
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EMPLIRICAL PROOF

Finding the True Constant: H, + |, 2 2H|

If we measure concentrations of H,, |, and HI across six different experiments at
/31K, how do we find the mathematical relationship?
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- Trial Expression

[HI] / [H,][TI,]

Simply dividing products by reactants
does not yield a constant number across
different starting concentrations.

Trial Expression

[HI]* / [H,]1[I,]

Raising the product to the power of 2 (its
stoichiometric coefficient) yields exactly
the same constant (x) in all six
experiments.
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Why Coefficients Become Powers

r{i‘a"} General Huile]

—{ i Step 1 (The Chemistry)

2HL.—— HL .+ HI

The reaction produces 2 moles of HI. Structurally,

this means the products are HI + HI.
\,
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—| 4 Step 2 (The Math) |

Numerator = [HI] x [HI]

In the Law of Mass Action, we multiply the

concentrations of all individual product molecules.
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~ ¢ Step 3 (The Simpliﬁcaﬂun}]

| [HI1]?]

[HI] x [HI] mathematically simplifies to [HI]Z.

F,

TopAll

A coefficient a in front of molecule A (aA) means A appears a times in the reaction. Multiplying
its concentration a times yields [A]*a.




EQUATION TRANSFORMATIONS (1/2) A
Reversing the Reaction Direction
Forward Reaction Reverse Reaction
H,(g) + L4gr— Jc) # 2HI(g) = H,(g) + I,(g)

y UG | g A [HJ[I,] 1
‘APl T, ] : [HI]? X
s =l oK

The equilibrium constant for a reverse reaction is the exact inverse (reciprocal) of the forward reaction’s constant. I




EQUATION TRANSFORMATIONS (2/2)

Changing Stoichiometric Coefficients

Tier 1

Base Equation

H, + I, & 2HI

Action:
Multiply the
entire equation
by 1/2.

"
Tier 2

Halved Equation
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R H, + /2T, 2 HI (“
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[HI]

[H,13[1,]3
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Multiplying an equation by a factor
n raises the equilibrium constant
to the power of n.

b,

K::,: = (Kc)n

(In this example, n = 1/2, so K'c = 1/ K¢)
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EXAM SUMMARY éé

Diagnostic Guide: Reading Kc TopAll
What Kc Tells Us — | What Kc Does NOT Tell Us I
The Ratio The Rate / Speed
The exact mathematical ratio of product and Kc contains zero information about how fast
reactant concentrations at equilibrium. equilibrium is reached. A reaction with a

massive K¢ might still take years to occur

_ without a catalyst.
The Extent of Reaction

Kc > 103 - Products heavily dominate
(reaction goes nearly to completion). Thermodynamics # Kinetics.

Kc dictates the destination, not
the speed of the journey.

Kc < 1073 » Reactants heavily dominate
(reaction barely proceeds).




What TopAll Pro Does Differently

You've Learned
the Theory.
Now Let s TestIt.

Reading notes gets you knowledge.
Practicing MCQs gets you marks.
That's exactly what TopAll Pro is built for.

Stuck? Snap it. Solve it. — Doubts Al
Photo — step-by-step solution in seconds, 24/7

Your Al Coach finds your blind spots
Concept-level weakness detection — not just chapter-level

4.5 Lakh+ questions. Never run out.
13x more content than any other prep app in India

Build your own test in 60 seconds
Pick a chapter, set difficulty — Al does the rest instantly.

Al Recommandation that helps you improve
Al Recommandation Analysis your Tests and tell you where

vV VvV VYV VvV WV

Try TopAll Pro Now

you need to improve.

‘> Practice the moment you finish studying 4.5L+ 1.5L+ Al Powered

Jump in while the concept is still fresh in your head MCQs Students In-Depth Analysis




