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Experiment 34: Unveiling the Secrets of an Equilibrium Constant

In the world of chemistry, the concept of equilibrium is a cornerstone that bridges the gap between theoretical
predictions and real world observations. While textbooks often present equilibrium constants as abstract numbers,
Experiment 34 an equilibrium constantbrings the idea to life by guiding students through a meticulous
measurement of a key equilibrium constant in a laboratory setting. This article delves deep into the theory,
methodology, and significance of this experiment, providing a comprehensive resource for educators, students, and
curious minds alike.

Fundamentals of Chemical Equilibrium

Definition of an Equilibrium Constant
At its core, an equilibrium constant, denoted as K, quantifies the ratio of product concentrations to reactant
concentrations for a reversible reaction that has reached equilibrium. For a general reaction:

1. 2A+B!liC+D
The equilibrium constant expression is:
K = ([C][D]) / ([A]*2[B])

Here, square brackets represent the activities (or concentrations for dilute solutions) of the species at equilibrium.
The value of K is temperature dependent and remains constant for a given reaction under fixed conditions.

Reaction Quotient and Its Relationship to K

While K describes a system at equilibrium, the reaction quotient Q is defined similarly but for any arbitrary mixture
of reactants and products. The comparison between Q and Kpredicts the direction in which the reaction will
proceed:

e If Q K, the reaction shifts rightward, forming more products.
e If Q > K, the reaction shifts leftward, favoring reactants.
e If Q = K, the system is already at equilibrium.

Thermodynamic Background
The equilibrium constant is intimately linked to the Gibbs free energy change (9Dr’ 6b FTR &V 7F-6a

9Dr0”"G°+RTInQ
At equilibrium, 9Dr O @B O 2A /EV F—aer Fo FTR “amiliar relation:
9aD{ OO TInK

where 9D{s the standard Gibbs free energy change, R is the universal gas constant, and Tis the absolute
temperature. This equation allows chemists to predict whether a reaction is spontaneous under standard conditions
and to calculate equilibrium constants from thermodynamic data.



The Design of Experiment 34

Objective

Experiment 34 an equilibrium constant seeks to:

« Measure the equilibrium constant of a selected reversible reaction.
* Demonstrate the influence of temperature on K.
« lllustrate the connection between experimental data and thermodynamic principles.

Setup and Materials

The experiment typically involves the following apparatus and reagents:

¢ Glass reaction vessel (e.g., a 250 /mL Erlenmeyer flask)

* Thermostatically controlled water bath or oil bath

* Temperature probe or calibrated thermometer

e Stirring apparatus (magnetic stirrer or mechanical stir bar)

 Pipettes, burettes, and volumetric flasks for precise volume measurements

» Spectrophotometer or colorimeter for concentration determination

e Standard solutions of reactants and products (e.g., AQNO f and NaBr for the AgBr precipitation reaction)
¢ Analytical balance for weighing solids

« Safety equipment (gloves, goggles, lab coat)

Chosen Reaction System

While Experiment 34 can be adapted to various reversible reactions, a classic example is the dissolution of silver
bromide:

AgBr(s) 'l Ag z(aq) + Br {(aq)
For this system, the equilibrium constant K {sajelSilityproduct) is defined as:
K>‘ces'—"'"=[Ag z][Br {]

Because the solid phase concentration is effectively constant, the product of the aqueous ion concentrations
directly gives the solubility product. This makes the dissolution of AgBr an ideal candidate for a clear demonstration
of equilibrium constant measurement.

Conducting the Experiment

Step by Step Procedure

1. Preparation of Saturated Solution: Add an excess of AgBr solid to a known volume of deionized water in the
reaction vessel. Stir gently until the solution appears clear, indicating that dissolution has reached equilibrium.

2. Temperature Stabilization: Place the vessel in a thermostatically controlled bath set to the desired
temperature (e.g., 25 /°C). Allow the system to equilibrate for at least 30 /minutes, ensuring uniform temperature
distribution.

3. Sampling: Withdraw a small aliquot (e.g., 1 /mL) of the saturated solution using a clean pipette. Immediately
filter or centrifuge to remove any undissolved AgBr, preventing contamination of the sample.

4. Concentration Determination: Use a spectrophotometric method to measure the absorbance of the filtered
sample at a wavelength characteristic of Ag z (e.g., 410 /nm). Employ a calibration curve prepared from standard Ag z
solutions to convert absorbance to concentration.

5. Repeat at Different Temperatures: Perform the entire procedure at several temperatures (e.g., 10 /°C, 20 /°C,



30 /°C, 40 /°C) to observe the temperature dependence of K.
6. Data Recording: For each temperature, record the measured concentrations of Ag z and Br {, calculate the
product [Ag z][Br {], and note any deviations or anomalies.
Data Collection and Accuracy
Accurate determination of ion concentrations is critical. Several best practices help ensure reliable data:
e Use calibrated instruments: Regularly calibrate the spectrophotometer and pipettes.
e Maintain consistent sample handling: Avoid cross contamination by using separate tools for each sample.
¢ Account for activity coefficients: In dilute solutions, activity coefficients approximate unity, but at higher

concentrations, corrections may be necessary.
* Minimize evaporation: Cover the vessel during temperature equilibration to prevent loss of solvent.

Calculating the Equilibrium Constant

Using Concentration Data
With measured concentrations [Ag ZAnd [Br {Jthe solubility product is simply the product:

K>*esS'—"'=[Ag z] X [Br{]
Because the concentrations are typically in molarity (mol /L {*), the resultingis dearensionless.

Activity Coefficients and Corrections

Real solutions deviate from ideal behavior. The activity of each ion is defined as a b = ;1QWH«® ;iQhe activity
coefficient. For dilute solutions (K.

Uncertainty and Error Analysis

Quantifying uncertainty is essential for assessing the reliability of the measured equilibrium constant. Common
sources of error include:

¢ Instrumental precision: Spectrophotometer noise, pipette volume errors.

» Temperature fluctuations: Even a few degrees can alter solubility significantly.

Incomplete equilibrium: Insufficient equilibration time may yield non steady concentrations.
e Sample contamination: Undissolved solids or impurities skew concentration measurements.

Propagation of these uncertainties through the calculation of K can be performed
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