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Introduction

Demonstrates factors affecting equilibrium

The experiment aims to showcase how various factors influence chemical

equilibrium and how this concept s pivotal in reversible reactions commonly
studied in analytical chemistry, physical chemistry, and industrial processes.

Utilizes Le Chatelier's principle

By applying Le Chatelier's principle, the experiment enables the prediction of

how changes in concentration, temperature, or pressure shift the equilibrium
position, providing insight into real-world chemical dynamics.
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Irreversible Reactions

Definition and Characteristics

Irreversible reactions proceed to completion where the reactants transform fully into
products. Once the product is formed, it cannot revert to the original reactants.

Examples

An example is the formation of iron rust when Fe reacts with water to form Fe;0, and H,.
This reactionis irreversible as rust cannot return to its original iron state.

Practical Implications

These reactions are essential in real-life applications like corrosion processes, industrial
synthesis of stable compounds, and determining the endpoints in stoichiometric chemical
analysis.



Reversible Reactions

Definition and Dynamic Nature

Reversible reactions occur when products can revert to reactants. At equilibrium, the
rate of the forward reaction equals that of the reverse reaction, maintaining a dynamic

balance.

Example in Gas Reactions

For instance, when water reacts with carbon dioxide under high pressure, carbonic acid
(H,CO3) is formed, but when pressure decreases, it decomposes back into water and

carbon dioxide.

Key Concepts of Equilibrium

The equilibrium constant represents the specific balance of concentrations at a stable
temperature. Changes in factors like concentration, pressure, or temperature can shift
the equilibrium state to favor either reactants or products.
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Equipment and Chemicals

01| Testtu bes

Medium-sized test tubes are critical for preparing and observing chemical reactions under various

equilibrium conditions.

02 | Testtube rack

Provides a stable platform for positioning the test tubes securely during the experiment.

03 | Erlenmeyer flask

Used for preparing reactant mixtures and observing changes in equilibrium in air-tight conditions.




Equipment and Chemicals

01

Cork stoppers

Essential for sealing
Erlenmeyer flasks to prevent
gas escape and ensure accurate
reaction monitoring,.

02

Water bath

Required for maintaining
stable, controlled temperatures
for reactions sensitive to heat.

03

Ice bath

Utilized for cooling reaction
mixtures to study equilibrium
shifts at lower temperatures.



Equipment and Chemicals

Distilled water

Ensures that potential contaminants and impurities do not interfere with experimental

outcomes.

1 M FeCl3 (ferric chloride)

Reactant that contributes to the equilibrium reaction and displays a pale yellow color in

aqueous solutions.

1 M NH4SCN (ammonium thiocyanate)

Reactant that combines with FeCl3 to produce a red complex, aiding the observation of
equilibrium shifts.



Equipment and Chemicals

NH4Cl (ammonium chloride)

Solid used to manipulate equilibrium states by influencing ion concentrations in the system.

Cu powder (copper powder)

Serves as a reactant for producing nitrogen dioxide gas in closed systems.

Concentrated HNO3 (nitric acid)

Strong acid used to initiate reactions resulting in nitrogen oxides, critical for studying equilibrium in gaseous systems.
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Part 1: Concentration and Equilibrium

Observation of color changes in FeCI3-NH4SCN reactions
By mixing FeCl3 and NH4SCN, the equilibrium creates a red
Fe(SCN)3 solution, which exhibits color changes when
concentrations of reactants are adjusted.

Effect of increased FeCl3 concentration

Adding drops of FeCl3 results in a deeper red color,
reflecting a shift in equilibrium toward product formation.

Effect of increased NH4SCN concentration

Similarly, adding NH4SCN intensifies the red color, further
demonstrating how increased reactant concentration favors
product generation.




Part 1: Concentration and Equilibrium

Effect of NH4Cl addition

Introducing NH4Cl disrupts the equilibrium,
leading to changes in color by altering ion
concentrations and shifting the equilibrium
balance.

Control group comparison

A control solution without any further
additions is used to compare color changes
and evaluate the shifts in equilibrium caused
by the different interventions.



Part 2: Temperature and Equilibrium

Equilibrium between N204 and NO2

At standard conditions, N204 (colorless) and NO2 (brown) exist in a dynamic equilibrium, with the
visible color depending on their relative concentrations.

Observation in a cold water bath

Placing the system in a cold water bath decreases temperature, favoring the exothermic formation of
N204, resulting in a lighter color due to less NO2 presence.

Observation in a hot water bath

Heating the system in a hot water bath increases temperature, favoring the endothermic production of
NO2. The system takes on a darker brown color as equilibrium shifts.




Part 2: Temperature and Equilibrium

Temperature-dependent reaction dynamics V

These shifts align with Le Chatelier's principle, which predicts equilibrium
movement to counteract temperature changes.

=
&
Applicability to chemical processes i
The observed effects underscore the importance of temperature control in J J
industrial and laboratory settings, particularly for reactions sensitive to Gicthermie
enc
heat. reaction

ri
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Concentration Effects

Observed color change Impact of NH,SCN addition

Adding FeCl; to the mixture deepened the Further SCN~ ions intensified the red color,

yellow hue due to an increase in Fe** demonstrating a shift in the reaction toward

concentration, highlighting shifts in the the formation of Fe(SCN)?*,

equilibrium of the Fe** + SCN- < Fe(SCN)?*

reaction.
NH,Cl addition Comparative analysis Le Chatelier s principle
Adding solid NH,Cl diluted SCN~ concentration, Variations in color across multiple test tubes Changes in reactant concentrations validated
leading to a noticeable reduction in red confirmed the direct relationship between Le Chatelier’ s principle, showing equilibrium
intensity, as equilibrium shifted back to reactant concentrations and equilibrium adjusts to counter external perturbations.

produce more reactants. position.



Temperature Effects

Cooling with an ice bath
When the reaction mixture was cooled, the brown NO, gas concentration visibly decreased, with equilibrium
favoring the formation of colorless N,0,, indicating the exothermic dominance of the reverse reaction.

Exposure to higher temperatures increased NO, amounts as equilibrium shifted in the endothermic direction,
dissociating N,O, into reddish-brown NO, gas.

Color intensity variations
Clear differences in the intensity between cold and hot conditions provided evidence of temperature's effect on
equilibrium positions.

®
¢ Heating with a water bath
o



Temperature Effects

Thermodynamic insights

The experiment demonstrated that equilibrium constants vary with e
temperature changes, affirming the link between thermal energy
and reaction dynamics.

iture

These findings highlight the importance of thermal controlin
industrial processes involving gaseous equilibrium systems.
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Summary and Conclusions

Confirms the principles of chemical equilibrium

The experiment successfully demonstrated the dynamic balance of reversible
reactions, emphasizing the role of equilibrium in chemical systems.

Highlights the impact of disturbances

Changes such as concentration, temperature, and system conditions significantly
influence the equilibrium state, validating the principles of Le Chatelier's rule.
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Factors Influencing Equilibrium

Concentration effects

Adjusting reactants or products can shift equilibrium. For example, increasing reactant
concentrations pushes equilibrium towards product formation.

Temperature changes

Variations in temperature alter equilibrium constants, impacting reaction direction in
accordance with Le Chatelier's principle.

External disturbances

The addition of catalysts speeds up reactions without changing equilibrium constants,

while external compounds can alter equilibrium balance.



Disturbance Analysis

FeCl3 addition

Adding FeCl3 introduces
more reactants, shifting
equilibrium to form
additional Fe(SCN)3
product, shown by

intensified red coloration.

NH4SCN
addition

Adding NH4SCN increases
reactant concentration,
driving equilibrium
towards product
formation, resulting in
deeper red solution.

NHA4CI
addition

NH4Cl disrupts
equilibrium by altering
concentrations. The
reaction adjusts by
reducing Fe(SCN)3 levels,
evidenced by lighter
coloration.



Temperature-Based Shifts

1 Cooling Process

Lowering the temperature in the N204 = 2NO2 system increases the concentration
of N204, as the equilibrium shifts towards the exothermic reaction, resulting in a
lighter color.

2  Heating Process

Raising the temperature favors NO2 production, as the equilibrium shifts toward
the endothermic reaction, leading to a darker reddish-brown color.

3 LeChatelier’ sPrinciple Application

The observed shifts in equilibrium due to temperature demonstrate the principle's
predictions, with the system actively countering temperature changes by favoring
the respective reaction based on energy dynamics.
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