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This scenario involves a classic acid-base neutralization reaction conducted
within a coffee-cup calorimeter, a device commonly used in thermodynamics
experiments to measure heat transfer during chemical reactions. When a
solution of potassium hydroxide (KOH) at a known molarity and volume is mixed
with hydrochloric acid (HCl) of a similar concentration and volume, the
reaction releases or absorbs heat, enabling the calculation of key
thermodynamic parameters such as enthalpy change (AH). This article explores
the detailed process, assumptions, calculations, and implications of such a
mixture, providing a comprehensive understanding of the calorimetric
experiment.

Understanding the Components of the Solution

Potassium Hydroxide (KOH)

- Concentration: 2.000 M (moles per liter)

- Volume: 25.00 mL

- Moles of KOH:

\ [

\text{moles} = \text{concentration} \times \text{volume in liters} = 2.000\,
M \times 0.025\, L = 0.050\, \text{moles}

\1

- Properties:

- Strong base

- Dissociates completely in water:

\ [

\mathrm{KOH} \rightarrow \mathrm{K*+} + \mathrm{OH"-}
\1]

Hydrochloric Acid (HC1)

- Concentration: 2.000 M
- Volume: 50.00 mL

- Moles of HCl:

\ [



\text{moles} = 2.000\, M \times 0.050\, L = 0.100\, \text{moles}
\1

- Properties:

- Strong acid

- Dissociates completely:

\ [

\mathrm{HC1} \rightarrow \mathrm{H"+} + \mathrm{Cl"-}

\1

Reaction Overview and Stoichiometry

The Neutralization Reaction

The primary chemical process in this setup is the neutralization of KOH with
HCl:

\ [

\mathrm{KOH} + \mathrm{HCl} \rightarrow \mathrm{KCl} + \mathrm{H 20}
\1

- Stoichiometric ratio: 1:1 molar ratio

- Limiting reagent: KOH (0.050 mol) compared to HCl (0.100 mol)

- Extent of reaction:

- ALl 0.050 mol of KOH react

- Consumes 0.050 mol of HCl

- Remaining HCl after reaction: \(0.100 - 0.050 = 0.050\, \text{mol}\)

Reaction Extent and Heat Change

Since the reaction involves strong acid and base, it proceeds rapidly to
completion, producing water and potassium chloride. The heat evolved or
absorbed during this process is critical for understanding the energy change,
which is measured via temperature change in the calorimeter.

Calorimetry and Heat Measurement

The Coffee-cup Calorimeter

- A simple device consisting of insulated Styrofoam cups with a lid
- Measures temperature change (\(\Delta T\)) resulting from the reaction
- Assumes negligible heat losses to surroundings



Principle of Measurement

The heat released or absorbed (\(q\)) during the reaction is related to the
temperature change:

\ [

qg=mc \Delta T
\1

where:

- \(m\) is the mass of the solution

- \(c\) is the specific heat capacity (approximately that of water: 4.18
J/g9°C)

- \(\Delta T\) is the temperature change observed

Alternatively, considering the entire solution's heat capacity simplifies
calculations:

\ [

g = C {solution} \times \Delta T

\1]

where \(C {solution}\) is the total heat capacity of the solution.

Calculating the Heat of Neutralization

Assumptions

- The specific heat capacity of the solution is similar to water: 4.18 J/g°C
- The density of dilute aqueous solutions is approximately 1 g/mL

- Total solution volume after mixing: 25.00 + 50.00 = 75.00 mL

- Total mass of solution: approximately 75.00 g

Determining the Total Heat Released or Absorbed

Suppose the measured temperature change (\(\Delta T\)) in the calorimeter is
obtained experimentally. The heat exchanged:

\ [

g = m \times c \times \Delta T

\1]

- For example, if \(\Delta T = 3.0"™\circ C\):
\ [

g = 75.00\, g \times 4.18\, \mathrm{J/g”™\circ C} \times 3.0™\circ C =
941.25\, \mathrm{J}

\1

- The sign of \(q\):

- Negative if the reaction releases heat (exothermic)

- Positive if the reaction absorbs heat (endothermic)



Enthalpy Change per Mole of Reactant

The molar enthalpy of neutralization (\(\Delta H {neut}\)) is calculated as:
\ [

\Delta H {neut} = \frac{q}{\text{moles of limiting reagent}}

\1

- Limiting reagent: KOH (0.050 mol)

- Using the example \(qg\):

\ [

\Delta H {neut} = \frac{941.25\, \mathrm{J}}{0.050\, \mathrm{mol}} = 18825\,
\mathrm{J/mol} \approx 18.8\, \mathrm{kJ/mol}

\1

- Since this is an exothermic reaction, the value is typically reported as
negative:

\ [

\boxed{\Delta H {neut} \approx -18.8\, \mathrm{kJ/mol}}

\1]

Factors Affecting the Measurements and
Calculations

Experimental Considerations

- Heat Losses: Even in insulated calorimeters, some heat may escape, leading
to underestimation.

- Mixing Efficiency: Proper stirring ensures uniform temperature
distribution.

- Calibration: Calibration of the calorimeter improves accuracy of \(\Delta
T\) measurements.

Solution Purity and Concentration

- Impurities can affect the heat capacity and reaction enthalpy.
- Precise molarity ensures correct calculation of moles and heat per mole.

Temperature Measurement

- Use of sensitive thermometers or thermocouples improves the accuracy.
- Multiple measurements enhance reliability.



Thermodynamic Implications and Significance

Standard Enthalpy of Neutralization

- The experimentally determined \(\Delta H\) typically aligns with literature
values (~ -57 kJ/mol for strong acid-strong base reactions).

- Deviations can occur due to experimental conditions, solution
concentrations, or heat losses.

Energy Profile of Acid-Base Reactions

- Strong acid-strong base neutralizations are highly exothermic due to the
formation of water and the release of lattice and hydration energies.

- The enthalpy change reflects the energy difference between the reactants
and products.

Practical Applications

- Designing efficient thermochemical processes
- Understanding energy requirements in industrial neutralization
- Educational demonstrations of thermochemistry principles

Conclusion

The mixing of 25.00 mL of 2.000 M KOH with 50.00 mL of 2.000 M HCl within a
coffee-cup calorimeter exemplifies a fundamental thermochemical experiment.
By measuring the temperature change during the neutralization, one can
calculate the heat evolved or absorbed, leading to the determination of the
molar enthalpy of neutralization. Such experiments reinforce core principles
of thermodynamics, solution chemistry, and calorimetry, and serve as
foundational studies in chemical energy analysis. Proper experimental
technique, accurate measurements, and understanding of the reaction
stoichiometry are essential for deriving meaningful thermodynamic data.
Overall, this process highlights the intricate relationship between chemical
reactions and energy changes, providing insights vital for both academic and
industrial applications.

Frequently Asked Questions



What is the purpose of mixing 2.000 M KOH with 2.000
M HCL in a coffee-cup calorimeter?

The purpose is to measure the heat released or absorbed during the
neutralization reaction between KOH and HCl, allowing calculation of the
reaction's enthalpy change.

How do you determine the total moles of KOH and HCl
in the mixture?

Calculate moles by multiplying molarity by volume in liters: for KOH, 25.00
mL (0.025 L) x 2.000 M = 0.050 mol; for HCl, 50.00 mL (0.050 L) x 2.000 M =
0.100 mol.

What is the significance of using a coffee-cup
calorimeter in this experiment?

A coffee-cup calorimeter provides an insulated environment to accurately
measure temperature changes during the reaction, facilitating the calculation
of reaction enthalpy without significant heat exchange with surroundings.

How can the temperature change measured in the
calorimeter be used to find the enthalpy change of
the reaction?

Use the formula AH = -q p, where g p = m x C p x AT; knowing the heat
capacity of the calorimeter allows calculation of the enthalpy change per
mole of reactant involved in the reaction.

What assumptions are made when calculating the heat
of neutralization in this setup?

Assumptions include that all heat released or absorbed is contained within
the calorimeter (no heat loss), the reaction goes to completion, and the
specific heat capacity of the solution is similar to water, allowing for
simplified calculations.

Additional Resources

A 25.00 mL sample of 2.000 M KOH is mixed with 50.00 mL of 2.000 M HCl in a
coffee-cup calorimeter. Which scenario unfolds in this chemical experiment?
This question invites a detailed exploration of acid-base reactions,
thermodynamics, and calorimetry principles. In this comprehensive guide,
we'll analyze the process step-by-step, providing insights into how to
approach such problems, interpret the data, and understand the underlying
chemistry and physics involved.



Introduction: The Significance of the Experiment

Mixing solutions like potassium hydroxide (KOH) and hydrochloric acid (HC1)
in a calorimeter is a classic laboratory setup used to study enthalpy changes
associated with neutralization reactions. The simplicity of the coffee-cup
calorimeter makes it an ideal device for educational purposes, allowing
students and researchers to observe temperature changes resulting from
exothermic or endothermic processes.

In this specific scenario, a 25.00 mL sample of 2.000 M KOH is combined with
a 50.00 mL sample of 2.000 M HCl. The key questions include:

- Will the reaction be complete?

- What is the net chemical process?

- How much heat is released or absorbed?

- What is the resulting temperature change?

- How do calculations tie into thermodynamic principles?

Understanding these aspects requires a thorough analysis rooted in
stoichiometry, thermodynamics, and calorimetry.

Section 1: Setting Up the Problem
1.1 The Data at a Glance

- KOH solution:
- Volume: 25.00 mL
- Concentration: 2.000 M

- HCl solution:
- Volume: 50.00 mL
- Concentration: 2.000 M

1.2 Key Assumptions

- The solutions are at the same initial temperature (often room temperature,
e.g., 25°C).

- The calorimeter is perfectly insulated, so no heat is lost to the
surroundings.

- The solutions are dilute enough for the assumption of ideal behavior.

- The reaction proceeds to completion, neutralizing all the limiting reagent.

Section 2: Determining the Limiting Reagent and Reaction Extent

2.1 Calculating moles of reactants



Potassium hydroxide (KOH):

\ [

\text{Moles of KOH} = M \times V = 2.000\, \text{mol/L} \times 0.02500\,
\text{L} = 0.05000\, \text{mol}

\1

Hydrochloric acid (HCL):

\ [

\text{Moles of HC1l} = 2.000\, \text{mol/L} \times 0.05000\, \text{L} =
0.10000\, \text{mol}

\1

2.2 Determining the limiting reagent

The neutralization reaction:

\ [
\mathrm{KOH} + \mathrm{HCl} \rightarrow \mathrm{KCl} + \mathrm{H 20}
\1]

- The reaction occurs in a molar ratio of 1:1.
- Moles of KOH (0.05000 mol) are less than moles of HCl (0.10000 mol).

Conclusion:
KOH is the limiting reagent; it will be completely consumed, and HCl will be
in excess.

2.3 Moles of reactants after reaction

- KOH fully consumed: 0.05000 mol
- HCl remaining: 0.10000 mol - 0.05000 mol = 0.05000 mol

Section 3: Calculating the Heat of Neutralization
3.1 Standard enthalpy of neutralization

The neutralization of a strong acid with a strong base typically releases
approximately -57.1 kJ per mole of water formed under standard conditions:

\ [
\mathrm{H"+} + \mathrm{OH"-} \rightarrow \mathrm{H 20}

\1

Note: This value can vary slightly depending on conditions, but -57.1 kJ/mol
is a widely accepted approximation.

3.2 Total heat released



Since 0.05000 mol of KOH reacts:

\ [

g = \text{moles} \times \Delta H {neutralization} = 0.05000\, \text{mol}
\times (-57.1\, \text{kJ/mol}) = -2.855\, \text{kJ}

\1

The negative sign indicates an exothermic process—heat is released into the
surroundings (or, in this case, into the calorimeter).

Section 4: Calculating the Temperature Change
4.1 Total solution volume and mass
- Total volume after mixing:

\ [
V_{total} = 25.00\, \text{mL} + 50.00\, \text{mL} = 75.00\, \text{mL}

\1]

Assuming the solutions have a density close to that of water (~1 g/mL):

\ [

\text{Mass of solution} \approx 75.00\, \text{g}
\1]

4.2 Specific heat capacity

The specific heat capacity of water (\(c _p\)):

\ [

c_p \approx 4.18\, \text{J/g}"\circ\text{C}

\1]

4.3 Calculating the temperature change (\(\Delta T\))

Convert heat from kJ to Joules:

\ [
q = -2.855\, \text{kJ} = -2855\, \text{J}
\]

Apply the heat transfer equation:

\ [
g = m \times c p \times \Delta T
\1

Rearranged:



\ [

\Delta T = \frac{g}{m \times c_p} = \frac{-2855\, \text{J}}{75.00\, \text{g}
\times 4.18\, \text{J/g}"\circ\text{C}} \approx -9.09™"\circ \text{C}

\1]

Interpretation: The temperature of the solution increases by approximately
9.09°C.

Note: Since the heat is released, the temperature of the solution increases,
not decreases, so the actual \(\Delta T\) is +9.09°C.

Section 5: Final Results and Interpretation
5.1 Summary of findings:

| Parameter | Value |

| Moles of KOH reacted | 0.05000 mol |

| Moles of HCl remaining | 0.05000 mol (excess) |
| Heat released (approximate) | -2.855 kJ |

| Temperature increase | approximately +9.09°C |

5.2 What does this tell us?

- The exothermic neutralization produces a noticeable temperature rise in the
calorimeter.

- The limiting reagent controls the amount of heat released.

- Excess acid remains unreacted, which could be relevant if the experiment
continues or if additional reactions are considered.

Section 6: Additional Considerations and Real-World Factors
6.1 Corrections for heat loss

In real experiments, some heat may escape to surroundings, making the
observed temperature change less than calculated. To improve accuracy:

Use a calorimeter with better insulation.
Conduct multiple trials to average results.
Calibrate the calorimeter to determine its heat capacity.

6.2 Heat capacity of the calorimeter

If the calorimeter has a known heat capacity (\(C {cal}\)), the total heat
change is distributed between the solution and the calorimeter:



\ [
g {total} = (m \times c p + C {cal}) \times \Delta T

\1]

This consideration is essential for precise measurements, especially in
research settings.

Section 7: Broader Implications and Educational Value
This experiment demonstrates fundamental concepts in physical chemistry:

- Stoichiometry: Quantifying reactants and predicting limiting reagents.
- Thermochemistry: Understanding enthalpy changes and heat flow.

- Calorimetry: Using temperature changes to infer energy transfer.

- Data analysis: Applying theoretical values to real-world measurements.

It provides a hands-on approach to connect theoretical principles with lab
observations, fostering critical thinking and analytical skills.

Conclusion

The scenario of mixing 25.00 mL of 2.000 M KOH with 50.00 mL of 2.000 M HCl
in a coffee-cup calorimeter encapsulates core concepts of thermodynamics and
solution chemistry. By calculating the moles involved, understanding the
reaction's exothermic nature, and quantifying the temperature change, we gain
insight into how energy is transferred during neutralization. Such
experiments underscore the importance of precise calculations, careful
assumptions, and awareness of real-world experimental limitations. Whether
for academic purposes or practical applications, mastering these principles
forms a cornerstone of chemical thermodynamics.
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