Using The Thermodynamic Information In
The ALEKS Data Tab, Calculate The
Boiling Point Of Bromine (Bry).

Using The Thermodynamic Information In The ALEKS Data Tab, Calculate The
Boiling Point Of Bromine (Bry)

Understanding how to utilize thermodynamic data within the ALEKS platform is
essential for students and professionals working with phase changes and
chemical properties. One particularly important application is calculating
the boiling point of bromine (Bry) using the thermodynamic information
provided in the ALEKS data tab. This process involves analyzing key
thermodynamic parameters, understanding the principles behind phase
equilibrium, and applying the right equations to determine the boiling point
accurately. In this comprehensive guide, we will explore each step in detail,
ensuring you have a clear understanding of how to leverage ALEKS data for
precise calculations.

Fundamentals of Thermodynamics in Phase Changes

Understanding Boiling Point and Phase Equilibrium

The boiling point of a substance is the temperature at which its vapor
pressure equals the external atmospheric pressure. At this temperature, the
liquid and vapor phases coexist in equilibrium. For bromine, which is a
halogen with unique thermodynamic characteristics, calculating its boiling
point involves analyzing its vapor pressure data and thermodynamic
properties.

Key points:

- The boiling point varies with pressure.

- Standard boiling point is typically defined at 1 atm (101.3 kPa).

- Determining boiling point requires knowledge of vapor pressure as a
function of temperature.

Thermodynamic Parameters Relevant to Boiling Point
Calculation

Several parameters are essential:
- Enthalpy of vaporization (\( \Delta H {vap} \)): The heat required to
convert liquid to vapor at constant temperature.



- Vapor pressure (\( P_{vap} \)): The pressure exerted by a vapor in
equilibrium with its liquid.

- Temperature (T): The temperature at which vapor pressure equals external
pressure.

- Gibbs Free Energy (\( \Delta G \)): Determines spontaneity; at equilibrium,
\( \Delta G =0 \).

Accessing Thermodynamic Data in ALEKS

Locating the Data Tab

The ALEKS platform offers a dedicated Data tab where thermodynamic properties
of various substances are stored. To access bromine’s data:

- Navigate to the Data tab within ALEKS.

- Search for bromine or Bry.

- Review the thermodynamic parameters provided, including vapor pressure
data, enthalpy of vaporization, and other relevant properties.

Understanding the Data Entries

Typical data entries include:

- Vapor pressure values at different temperatures.

- Enthalpy of vaporization (\( \Delta H {vap} \)) at a reference temperature.
- Temperature ranges for which data is valid.

It’s crucial to verify the units and the temperature range to ensure accurate
calculation.

Calculating the Boiling Point of Bromine Using
Thermodynamic Data

Applying the Clausius-Clapeyron Equation
The Clausius-Clapeyron equation relates vapor pressure and temperature:
\ [

\ln P_{vap} = - \frac{\Delta H_{vap}}{RT} + C
\]



Where:
- \( P_{vap} \) = vapor pressure at temperature T.

- \( \Delta H {vap} \) = enthalpy of vaporization.
- \( R\) = universal gas constant (8.314 J/mol-K).
- \( C\) = constant specific to the substance.

This equation assumes \( \Delta H {vap} \) is approximately constant over the
temperature range considered.

Steps to calculate the boiling point:

1. Obtain vapor pressure data for bromine at various temperatures from ALEKS.
2. Plot \( \ln P_{vap} \) versus \( 1/T \) to verify linearity.

3. Determine \( \Delta H {vap} \) and \( C \) from the slope and intercept.
4. Use the vapor pressure at standard atmospheric pressure (101.3 kPa) to
solve for T, which is the boiling point.

Alternatively, if the vapor pressure at boiling point is known (e.g., 1 atm),
rearranged as:

\ [
T b = \frac{\Delta H {vap}}{R \ln \left(\frac{P {atm}}{P 0}\right)}
\1

where:

- \( P {atm} \) = standard atmospheric pressure.
- \( P_O \) = vapor pressure at a reference temperature.

Step-by-Step Calculation Example

Suppose ALEKS provides the following data:
- Vapor pressure of bromine at 350 K: 50 kPa
- Enthalpy of vaporization (\( \Delta H {vap} \)): 29 kJ/mol

Goal: Find the boiling point at 1 atm (101.3 kPa).

Procedure:
1. Convert \( \Delta H {vap} \) to J/mol: 29,000 J/mol.
2. Calculate \( \ln P {vap} \) at known points:

At 350 K: \( \ln 50,000 \text{ Pa} \) (since 50 kPa = 50,000 Pa).

3. Use the Clausius-Clapeyron equation to find the slope and intercept.
4. Rearrange the equation to solve for \( T b \):
\[

T b = \frac{\Delta H {vap}}{R \ln \left(\frac{P_{vap}}{P 0}\right)}
\1



where \( P_{vap} \) is 101.3 kPa (boiling point) and \( P 0 \) is the vapor
pressure at the reference temperature.

5. Input the known values and compute \( T b \).

Practical Considerations and Tips for Accurate
Calculation

Ensuring Data Accuracy

- Use the most reliable and recent data from ALEKS.
- Confirm units are consistent throughout calculations.
- Validate vapor pressure data points lie within the valid temperature range.

Handling Non-Constant \( \Delta H_ {vap} \)

- For more precise calculations, account for temperature dependence of \(
\Delta H {vap} \).
- Use integrated forms of the Clausius-Clapeyron equation if data permits.

Using Graphical Methods

- Plot \( \ln P_{vap} \) vs. \( 1/T \) to visualize linearity.

- Use linear regression to determine the slope and intercept.

- Calculate boiling point from the vapor pressure data corresponding to 1
atm.

Summary and Final Thoughts

Calculating the boiling point of bromine using thermodynamic information from
the ALEKS data tab is a systematic process that combines data analysis,
thermodynamic principles, and mathematical calculations. By understanding the
fundamental concepts of vapor pressure, enthalpy of vaporization, and phase
equilibrium, you can accurately determine the boiling point under various
conditions. The key steps involve accessing reliable data, applying the
Clausius-Clapeyron equation, and performing careful calculations. Mastering
this process enhances your ability to interpret thermodynamic data, solve
phase change problems, and deepen your understanding of chemical properties.



Remember, accuracy depends on the quality of data and the assumptions made

during calculations. Always verify the validity of your data, check units,

and consider the temperature dependence of thermodynamic parameters for the
best results.

Additional Resources for Further Learning

- Thermodynamics textbooks (e.g., "Introduction to Chemical Engineering
Thermodynamics" by Smith, Van Ness, and Abbott).

- Online tutorials on the Clausius-Clapeyron equation.

- ALEKS platform guides and tutorials.

- Scientific articles on the thermodynamics of halogens like bromine.

By mastering these concepts and methods, you can confidently utilize ALEKS
thermodynamic data to solve complex phase change problems, including
calculating the boiling point of bromine and other substances.

Frequently Asked Questions

How can I utilize the thermodynamic data in the
ALEKS data tab to determine the boiling point of
bromine?

You can use the enthalpy of vaporization and vapor pressure data from the
ALEKS data tab, along with the Clausius-Clapeyron equation, to calculate the
boiling point of bromine at a specific pressure.

What thermodynamic properties are necessary to find
bromine's boiling point using ALEKS data?

The key properties include the enthalpy of vaporization (AHvap), vapor
pressure at known temperatures, and the ambient pressure at which boiling
occurs.

How does the Clausius-Clapeyron equation help in
calculating bromine's boiling point?

It relates vapor pressure and temperature through thermodynamic data,
allowing you to estimate the boiling point by solving for temperature at a
given vapor pressure.



Can I use the boiling point of bromine at standard
pressure from ALEKS data directly?

Yes, if the ALEKS data tab provides the vapor pressure of bromine at its
boiling point under standard atmospheric pressure, you can directly find or
confirm the boiling point.

What steps should I follow to calculate bromine's
boiling point using ALEKS data?

First, identify the vapor pressure and enthalpy of vaporization in the data
tab, then apply the Clausius-Clapeyron equation to solve for the temperature
at the desired pressure.

Are there any assumptions when calculating boiling
point from thermodynamic data in ALEKS?

Yes, assumptions include ideal gas behavior of vapor, constant enthalpy of
vaporization over the temperature range, and that the vapor pressure data is
accurate and reliable.

How accurate 1is the boiling point calculation of
bromine using ALEKS data?

The accuracy depends on the precision of the thermodynamic data provided;
generally, it gives a good estimate but may have minor deviations due to
assumptions and data limitations.

What is the significance of using thermodynamic
information in the ALEKS data tab to find boiling
points?

It allows for a quantitative understanding of phase changes based on
thermodynamic principles, enabling precise calculations of boiling points
from experimental or tabulated data.

Can I compare the calculated boiling point of
bromine with experimental values using ALEKS data?

Yes, after calculating the boiling point, you can compare it with published
experimental data to verify the accuracy of your calculations.

What are common challenges when calculating boiling
points from thermodynamic data in ALEKS?

Challenges include ensuring data accuracy, selecting appropriate equations,



accounting for non-ideal behavior, and dealing with limited data points or
uncertainties in the tabulated values.

Additional Resources
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Understanding how to utilize thermodynamic data within the ALEKS platform is
crucial for students and professionals aiming to accurately determine
properties like boiling points of various substances. In particular,
calculating the boiling point of bromine (Bry) involves interpreting the
thermodynamic information provided in the ALEKS data tab, applying
fundamental principles of thermodynamics, and performing precise
calculations. This guide will walk you through the process step-by-step,
ensuring you have a comprehensive understanding of how to leverage the data
effectively to find bromine’s boiling point.

Introduction: The Significance of Thermodynamic Data in Property Calculations

Thermodynamics offers a wealth of information necessary to predict and
understand phase changes, such as boiling or melting points. When working
within the ALEKS data tab, users are presented with various thermodynamic
quantities—like enthalpy, entropy, and Gibbs free energy—that describe the
energetic state of substances. By analyzing this data, you can determine
critical properties, such as the boiling point, which is the temperature at
which a substance transitions from liquid to vapor under a given pressure
(typically atmospheric pressure unless otherwise specified).

Overview of Bromine and Its Thermodynamic Characteristics

Before diving into calculations, it’s essential to understand the basic
thermodynamic properties of bromine:

- Molecular Formula: Br:

- Standard State: Liquid at room temperature (about 25°C and 1 atm)

- Critical Temperature: approximately 588.0 K

- Normal Boiling Point: approximately 58.8°C (132°F) at 1 atm

- Thermodynamic Data in ALEKS: Usually includes enthalpy of vaporization
(AHvap), entropy of vaporization (ASvap), and sometimes Gibbs free energy
data at various temperatures.

The goal here is to use the thermodynamic data in the ALEKS tab to compute
the boiling point, which involves identifying the temperature at which the
vapor pressure equals 1 atm (or the external pressure specified).



Step-by-Step Guide to Calculating Bromine’s Boiling Point Using ALEKS Data
1. Access and Understand the ALEKS Data Tab

Begin by opening the ALEKS platform and locating the data tab for bromine.
This section typically provides:

- Enthalpy of vaporization (AHvap) at a reference temperature (often the
normal boiling point)

- Entropy of vaporization (ASvap)

- Thermodynamic equations and constants relevant to bromine

Take note of these values, as they form the foundation of your calculation.

2. Recognize the Thermodynamic Relationship

The key relationship used to determine boiling points is the Gibbs free
energy change (AG):

\[ \Delta G = \Delta H - T \Delta S \]

At the boiling point (T b), the vapor pressure equals the external pressure
(P_ext), and the phase transition occurs spontaneously. The equilibrium
condition for vaporization is:

\[ \Delta G {vap} = 0 \]

which simplifies to:

\[ \Delta H {vap} = T b \times \Delta S {vap} \]

This equation states that at the boiling point:

\[ T b = \frac{\Delta H {vap}}{\Delta S {vap}} \]

This is the core formula used to calculate the boiling point from
thermodynamic data.

3. Use Data to Calculate AHvap and ASvap at the Reference Temperature

If the ALEKS data provides AHvap and ASvap at a known temperature (say, the
normal boiling point), these can be directly used in the calculation. If only
data at other temperatures are available, you may need to:

- Use the Clausius-Clapeyron equation to interpolate or extrapolate vapor
pressure data.

- Apply thermodynamic relationships to adjust AHvap and ASvap to the
temperature of interest.



However, for typical calculations, the standard data at the normal boiling
point are sufficient.

4. Calculate the Boiling Point (T _b)
Using the known AHvap and ASvap:

- Step 1: Convert AHvap from kJ/mol to J/mol for consistency.
- Step 2: Insert the values into the equation:

\[ T b \frac{\Delta H {vap}}{\Delta S {vap}} \I

- Step 3: Express T b in Kelvin (K).
Example:

Suppose the ALEKS data provides:

- AHvap = 30.91 kJ/mol
- ASvap = 87.4 J/(mol-K)
Calculations:

- Convert AHvap:
\[ 30.91\, \text{kd/mol} = 30910\, \text{J/mol} \]
- Compute T b:

\[ T b =\frac{30910\, \text{l/mol}}{87.4\, \text{l/(mol-K)}} \approx 353.4\,
\text{K} \]

- Convert to °C:
\[ T b™\circ C = 353.4\, K - 273.15 \approx 80.25™\circ C \]

This is an idealized calculation; actual values may differ based on the
precise data provided.

5. Adjusting for External Conditions and Pressure

The above calculation assumes standard atmospheric pressure (1 atm). If the
pressure differs, you may need to consider:

- Clausius-Clapeyron Equation: To relate vapor pressure and temperature:
\[ \ln P = -\frac{\Delta H {vap}}{RT} + C \]

where:



- P is vapor pressure

- R is the gas constant

- T is temperature in Kelvin

- C is a constant determined from data

- For non-standard pressures: Solve for T when P equals the desired pressure
(e.g., 1 atm).

6. Confirming the Calculated Boiling Point
Once you compute the boiling point:

- Cross-reference with tabulated or experimental data for bromine.
- Ensure units are consistent throughout calculations.
- Consider uncertainties in thermodynamic data, which can affect precision.

7. Practical Tips for Using ALEKS Data Effectively

- Always verify the reference temperature at which thermodynamic quantities
are provided.

- Use the most recent and accurate data from the ALEKS platform.

- When in doubt, apply the Clausius-Clapeyron equation for pressure
adjustments.

- Remember that real-world deviations can occur due to impurities or non-
ideal behavior, so experimental values may slightly differ.

Conclusion: Harnessing Thermodynamic Data for Accurate Property Calculations

Using the thermodynamic information in the ALEKS data tab to calculate the
boiling point of bromine exemplifies the power of fundamental thermodynamic
principles applied through practical data analysis. By understanding the
relationship between enthalpy, entropy, and temperature, and utilizing the
provided data, you can accurately determine phase transition temperatures.
Mastery of this process not only enhances your grasp of thermodynamics but
also equips you with valuable skills for research, industry applications, and
advanced chemistry studies. Remember, precise data interpretation combined
with sound thermodynamic reasoning is key to unlocking the properties of
chemical substances like bromine.
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