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Introduction
When dealing with chemical equilibria involving solid and gaseous phases, understanding how to
determine the equilibrium concentration of a particular species is essential. In this context, we
explore the scenario where a solid sample of triphenylbismuth trichloride (Ph3BCl3) is placed in a
closed vessel containing triphenylphosphine (Ph3). The goal is to calculate the equilibrium
concentration of Ph3 after the system reaches equilibrium.

This scenario typically involves a reversible reaction where Ph3BCl3 interacts with Ph3 to produce
other species, possibly including products like Ph3B and chloride ions, depending on the specific
reaction pathway. To accurately determine the equilibrium concentration, we need to analyze the
reaction mechanism, write the equilibrium expression, and apply the principles of chemical
equilibrium.

Understanding the Reaction and Its Equilibrium

Reaction Overview
The interaction between triphenylbismuth trichloride (Ph3BCl3) and triphenylphosphine (Ph3) can
be represented by a general reaction, which could resemble:

Ph3BCl3 (s) + Ph3 (g) ⇌ Products

Depending on the reaction pathway, this might involve ligand exchange, complex formation, or other
processes. For the purpose of this calculation, assume that Ph3BCl3 reacts with Ph3 in a reversible
manner to form a complex or a new compound, and that this process reaches equilibrium within a
closed vessel.

Assumptions for Calculation
To simplify the calculations, we make the following assumptions:
- The reaction reaches equilibrium within the vessel.
- The initial amount of Ph3BCl3 is known (say, in grams).



- The initial amount of Ph3 is known and present in the gaseous phase.
- The volume of the vessel is fixed and known.
- The reaction involves only gas-phase or solution-phase species after the initial contact.
- The reaction is at constant temperature, ensuring equilibrium constants are valid.

Determining the Equilibrium Constant (K)

Expression for the Equilibrium Constant
The equilibrium constant, K, relates the concentrations of products and reactants at equilibrium. Its
form depends on the reaction. For a generic reaction:

aA + bB ⇌ cC + dD

The equilibrium constant expression is:

K = ([C]^c [D]^d) / ([A]^a [B]^b)

where the brackets denote molar concentrations or partial pressures, depending on whether the
system is in solution or gas phase.

In our case, assuming the reaction involves gaseous Ph3 and possibly gaseous or dissolved products
derived from Ph3BCl3, the equilibrium constant could be expressed as:

K = [Product species] / [Ph3]^n

The exact form depends on the specific reaction pathway, which should be identified from
experimental data or literature.

Experimental Determination of K
If the reaction has been studied previously, the equilibrium constant at the given temperature can be
obtained from literature. Otherwise, it may be determined experimentally by measuring
concentrations at equilibrium under known initial conditions.

Calculating the Equilibrium Concentration of Ph3

Step 1: Initial Conditions
Define:
- m₀: initial mass of Ph3BCl3 (grams)
- n₀: initial moles of Ph3 (from initial pressure or amount)
- V: volume of the vessel (liters)
- T: temperature (Kelvin)



Calculate initial moles:
- molar mass of Ph3BCl3 (approximate, based on atomic weights)
- n(Ph3BCl3)₀ = m₀ / molar mass
- n(Ph3)₀: initial moles of Ph3, given or measured.

Step 2: Establish Change in Moles at Equilibrium
Let:
- x = moles of Ph3 consumed or reacted at equilibrium

The change in moles can be tabulated:
| Species | Initial (mol) | Change (mol) | Equilibrium (mol) |
|---------|----------------|--------------|------------------|
| Ph3BCl3 (s) | n₀ | -x | n₀ - x (solid, not affecting equilibrium concentration) |
| Ph3 | n(Ph3)₀ | -x | n(Ph3)₀ - x |

Since solids are pure phases, their activity is considered constant and does not appear in the
equilibrium expression. Only gaseous or dissolved species are included.

Step 3: Write the Equilibrium Expression
Assuming the reaction primarily involves Ph3 in the gas phase or solution, the equilibrium constant
expression simplifies to:

K = [Products] / [Reactants]

Expressed in terms of x:
- [Ph3]_equilibrium = (n(Ph3)₀ - x) / V
- [Other species], if any, are similarly expressed.

Rearranged, the equation becomes:
K = (function of x)

Step 4: Solve for x
Rearranged, the equation involves known quantities (initial amounts, volume, temperature, and K).
Solving this quadratic or higher order equation yields the value of x, which is the amount of Ph3
reacted at equilibrium.

Step 5: Find the Equilibrium Concentration of Ph3
Once x is known:
- [Ph3]_equilibrium = (n(Ph3)₀ - x) / V

This gives the molar concentration of Ph3 at equilibrium.



Sample Numerical Calculation

Given Data
- Mass of Ph3BCl3: 10 g
- Initial moles of Ph3: 0.5 mol
- Volume of vessel: 2 L
- Temperature: 298 K
- Equilibrium constant K: 10 (hypothetical value)

Calculations
1. Molar mass of Ph3BCl3 ≈ 263 g/mol
2. Moles of Ph3BCl3: 10 g / 263 g/mol ≈ 0.038 mol
3. Initial moles of Ph3: 0.5 mol

Assuming the reaction:
Ph3BCl3 (s) + Ph3 (g) ⇌ Products

and that the activity of solids is constant, the equilibrium expression simplifies to:

K = [Products] / [Ph3]_equilibrium

Suppose the reaction consumes x mol of Ph3:
- [Ph3]_equilibrium = (0.5 - x) mol / 2 L = (0.25 - x/2) mol/L

If the products are also functions of x, then:
K = f(x)

By substituting known values and solving for x, the equilibrium concentration can be calculated.

Factors Affecting the Equilibrium Concentration

1. Temperature
Temperature influences the equilibrium constant K. An increase or decrease in temperature shifts
the equilibrium position depending on whether the reaction is exothermic or endothermic.

2. Initial Concentrations
The initial amounts of Ph3 and Ph3BCl3 impact the extent of reaction and the final equilibrium
concentrations.



3. Volume of the Vessel
A smaller volume increases the concentration of gases, which can shift the equilibrium position
according to Le Chatelier's principle.

4. Reaction Pathway and Kinetics
Reaction mechanisms and rates influence how quickly equilibrium is established and can affect the
observed concentrations in practice.

Conclusion
Calculating the equilibrium concentration of Ph3 in a system containing solid Ph3BCl3 involves
understanding the specific reaction mechanism, writing the correct equilibrium expression, and
applying the principles of chemical equilibrium. By knowing initial conditions, the reaction's
equilibrium constant, and the system's volume and temperature, one can determine how much Ph3
remains unreacted at equilibrium. This process exemplifies the fundamental approach in chemical
thermodynamics and kinetics for analyzing real-world chemical systems.

In practical applications, experimental data are essential to determine the exact value of the
equilibrium constant and validate the theoretical calculations. Moreover, understanding how
variations in conditions affect equilibrium can guide the optimization of processes involving these
compounds.

Frequently Asked Questions

What is the significance of calculating the equilibrium
concentration of PH₃ in a closed vessel containing PH₃BCl₃?
Calculating the equilibrium concentration of PH₃ helps in understanding the extent of the
dissociation or reaction that occurs, which is essential for predicting the reaction's position,
designing industrial processes, and assessing safety and efficiency.

How do you set up the equilibrium expression for the
dissociation of PH₃BCl₃ in a closed vessel?
The equilibrium expression is based on the balanced dissociation reaction: PH₃BCl₃ (s) ⇌ PH₃ (g) +
BCl₃ (g). The equilibrium constant Kp is expressed as Kp = [PH₃][BCl₃], considering their partial
pressures or concentrations at equilibrium.

What initial data is needed to calculate the equilibrium
concentration of PH₃ when PH₃BCl₃ is placed in a closed



vessel?
You need the initial amount or mass of PH₃BCl₃, the volume of the vessel, temperature (to determine
the equilibrium constant), and the value of the equilibrium constant Kp or Kc for the dissociation
reaction.

How does temperature affect the equilibrium concentration of
PH₃ in this system?
Temperature influences the equilibrium position by shifting it according to Le Châtelier's principle.
An increase in temperature may favor either the formation or dissociation of PH₃BCl₃, thereby
affecting the equilibrium concentration of PH₃ depending on whether the reaction is endothermic or
exothermic.

What methods can be used to experimentally determine the
equilibrium concentration of PH₃?
Techniques such as gas chromatography, mass spectrometry, or spectroscopic methods can be
employed to measure the partial pressures or concentrations of PH₃ at equilibrium within the vessel.

How do you convert initial mass of PH₃BCl₃ to moles for
calculation purposes?
Use the molar mass of PH₃BCl₃ and divide the initial mass by this value: moles = mass (g) / molar
mass (g/mol). This allows you to determine the initial number of moles involved in the equilibrium
calculation.

What role does the volume of the vessel play in calculating the
equilibrium concentration of PH₃?
The volume affects the partial pressures and concentrations of gaseous species at equilibrium. Using
the ideal gas law, PV = nRT, the number of moles can be converted into molar concentrations, which
are necessary for equilibrium calculations.

Can the equilibrium concentration of PH₃ be predicted
theoretically, and what equations are involved?
Yes, it can be predicted using the equilibrium constant expression, initial concentrations or
pressures, and stoichiometry. Applying the ICE (Initial, Change, Equilibrium) table method along
with the Kp or Kc expression allows calculation of the equilibrium concentration of PH₃.

Additional Resources
Calculate The Equilibrium Concentration Of Ph₃ If A Solid Sample Of Ph₃BCl₃ Is Placed In A Closed
Vessel



Understanding how to calculate the equilibrium concentration of Ph₃ (triphenylphosphine) when a
solid sample of Ph₃BCl₃ (triphenylboron trichloride) is placed in a closed vessel involves delving into
the principles of chemical equilibrium, solubility, and the specific reactions involved. This type of
problem is common in inorganic and organometallic chemistry, where the behavior of complex
compounds in solution is crucial for understanding reactivity, synthesis, and applications.

In this article, we will provide a comprehensive, step-by-step guide on how to approach such
calculations, covering the underlying chemistry, relevant equations, assumptions, and practical
considerations—aimed at students, researchers, and professionals alike.

---

Understanding the Chemistry: The System at a Glance

Before diving into calculations, it’s essential to understand the chemical system involved:

- Ph₃BCl₃ (triphenylboron trichloride): A boron compound with three chlorine atoms attached to
boron, which can interact with other species in solution, especially nucleophiles or bases.

- Ph₃ (triphenylphosphine): An organic phosphine that can coordinate or react with boron halides,
potentially forming complexes such as Ph₃BCl₂ or other derivatives.

- The Reaction of Interest: When Ph₃BCl₃ is placed in a closed vessel, it may undergo partial
dissociation or ligand exchange reactions, leading to the formation of Ph₃ and other species.

- Key Reaction Assumption: For simplicity, assume the primary reversible reaction is:

\[
\text{Ph}_3\text{BCl}_3 \; \rightleftharpoons \; \text{Ph}_3 + \text{BCl}_3
\]

or similar equilibria involving ligand exchange, depending on the specific chemistry involved.

Note: The specific reaction pathway depends on experimental conditions and the nature of the
system. For this guide, we'll focus on a typical dissociation equilibrium where Ph₃BCl₃ dissociates
into Ph₃ and BCl₃, with equilibrium governed by a known equilibrium constant.

---

Step 1: Establishing the Relevant Equilibrium Expression

Suppose the dissociation of Ph₃BCl₃ in the solution follows:

\[
\text{Ph}_3\text{BCl}_3 \; \rightleftharpoons \; \text{Ph}_3 + \text{BCl}_3
\]

The equilibrium constant \(K_{eq}\) (or \(K_d\) for dissociation) is:

\[
K_{eq} = \frac{[\text{Ph}_3][\text{BCl}_3]}{[\text{Ph}_3\text{BCl}_3]}



\]

Where:

- \([\text{Ph}_3]\): concentration of triphenylphosphine (the species we're solving for)
- \([\text{BCl}_3]\): concentration of boron trichloride in solution
- \([\text{Ph}_3\text{BCl}_3]\): concentration of undissociated Ph₃BCl₃

---

Step 2: Initial Conditions and Assumptions

Assume:

- A known initial amount (mass or molar amount) of solid Ph₃BCl₃ is placed in a vessel of known
volume \(V\).
- The solid dissolves until equilibrium is established, with some dissociation.
- The vessel is closed, so total moles are conserved, and no material enters or leaves.
- The initial amount of Ph₃ (triphenylphosphine) is zero in the solution before dissociation.
- The system reaches equilibrium, and the concentration of each species can be measured or
calculated.

Let’s define:

- \(n_0\): initial moles of solid Ph₃BCl₃
- \(x\): moles of Ph₃BCl₃ that dissociate at equilibrium

Then:

\[
\begin{aligned}
&[\text{Ph}_3\text{BCl}_3]_{eq} = \frac{n_0 - x}{V} \\
&[\text{Ph}_3]_{eq} = \frac{x}{V} \\
&[\text{BCl}_3]_{eq} = \frac{x}{V}
\end{aligned}
\]

---

Step 3: Deriving the Calculation

Using the equilibrium expression:

\[
K_{eq} = \frac{[\text{Ph}_3]_{eq} \times [\text{BCl}_3]_{eq}}{[\text{Ph}_3\text{BCl}_3]_{eq}}
\]

Substitute the expressions:

\[
K_{eq} = \frac{\left(\frac{x}{V}\right) \times \left(\frac{x}{V}\right)}{\frac{n_0 - x}{V}} =



\frac{\frac{x^2}{V^2}}{\frac{n_0 - x}{V}} = \frac{x^2}{V (n_0 - x)}
\]

Rearranged:

\[
x^2 = K_{eq} \times V (n_0 - x)
\]

This quadratic expression can be written as:

\[
x^2 + K_{eq} V x - K_{eq} V n_0 = 0
\]

---

Step 4: Solving for the Equilibrium Concentration of Ph₃

The quadratic equation:

\[
x^2 + (K_{eq} V) x - (K_{eq} V n_0) = 0
\]

can be solved using the quadratic formula:

\[
x = \frac{ - (K_{eq} V) \pm \sqrt{ (K_{eq} V)^2 + 4 K_{eq} V n_0 } }{2}
\]

Since the amount of dissociation cannot be negative, we take the positive root:

\[
x = \frac{ - (K_{eq} V) + \sqrt{ (K_{eq} V)^2 + 4 K_{eq} V n_0 } }{2}
\]

Once \(x\) is known, the equilibrium concentration of Ph₃ in molarity is:

\[
[\text{Ph}_3]_{eq} = \frac{x}{V}
\]

---

Step 5: Practical Example

Suppose:

- Initial mass of Ph₃BCl₃: 10 g
- Molar mass of Ph₃BCl₃: approximately 266 g/mol



- Reactor volume \(V\): 1 L
- Equilibrium constant \(K_{eq}\): known from experimental data, say \(1 \times 10^{-3}\)

Calculate:

- \(n_0 = \frac{10\,g}{266\,g/mol} \approx 0.0376\, \text{mol}\)

Plug into the quadratic:

\[
x^2 + (K_{eq} V) x - (K_{eq} V n_0) = 0
\]

\[
x^2 + (1 \times 10^{-3} \times 1) x - (1 \times 10^{-3} \times 1 \times 0.0376) = 0
\]

\[
x^2 + 0.001 x - 3.76 \times 10^{-5} = 0
\]

Solve:

\[
x = \frac{-0.001 + \sqrt{(0.001)^2 + 4 \times 3.76 \times 10^{-5}}}{2}
\]

\[
x = \frac{-0.001 + \sqrt{1 \times 10^{-6} + 1.504 \times 10^{-4}}}{2}
\]

\[
x = \frac{-0.001 + \sqrt{1.514 \times 10^{-4}}}{2}
\]

\[
x = \frac{-0.001 + 0.0123}{2} \approx \frac{0.0113}{2} = 0.00565\, \text{mol}
\]

Thus, the equilibrium concentration of Ph₃:

\[
[\text{Ph}_3]_{eq} = \frac{0.00565\, \text{mol}}{1\, \text{L}} = 5.65 \times 10^{-3}\, \text{M}
\]

---

Additional Considerations and Assumptions

- Solubility limits: If the solubility of Ph₃BCl₃ is less than the amount initially added, the calculations
must be adjusted accordingly.



- Reaction pathway complexity: The actual chemistry might involve more complex equilibria, such as
ligand exchange or hydrolysis, which would require additional equilibrium constants and equations.
- Temperature dependence: The equilibrium constant \(K_{eq}\) varies with temperature, so
calculations are temperature-specific.
- Activity coefficients: For dilute solutions, activity coefficients are often approximated as 1, but at
higher concentrations, corrections may be necessary.

---

Conclusion: How to Calculate The Equilibrium Concentration of Ph
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