The Ka Expression For The Following
Reaction Cu2+ (ag) +H,O()Cu(OH) (a)+
(a) IS Cu(OH) H 3.00 X 10 4th

The Ka Expression For The Following Reaction Cu2+ (ag) + H20() = Cu(OH) (s) +
(a) IS Cu(OH) H 3.00 X 10~4

Understanding the equilibrium and the associated acid dissociation constant
(Ka) for the reaction involving copper ions and water is essential in
chemistry, especially in inorganic and analytical chemistry. The given
reaction involves the interaction of copper(II) ions with water to form
copper hydroxide, a solid precipitate, and free ions. The Ka expression
provides insight into the extent of this reaction and the degree to which
copper hydroxide dissociates in solution. In this article, we will explore
the detailed derivation of the Ka expression, its significance, and related
concepts to deepen your understanding of this important chemical equilibrium.

Understanding the Reaction Components

Reactants and Products

The reaction under consideration is:
Cu~{2+} (ag) + H20 (1) = Cu(OH) (s) + (a)

- Cu™{2+} (aqg): Copper(II) ions dissolved in aqueous solution, acting as
Lewis acids.

- H20 (1) : Water, which can act as both solvent and reactant.

— Cu(OH) (s): Copper(II) hydroxide precipitate, a solid that forms from the
reaction.

— (a): Represents free aqueous species, often copper hydroxide ions or
hydroxide ions depending on context.

The reaction describes the formation of a solid copper hydroxide from
dissolved copper ions and water, and the subsequent dissociation or
ionization of the precipitate.

Deriving the Ka Expression

What is the Ka?

Ka, the acid dissociation constant, measures the strength of an acid in
solution or the extent of dissociation of a compound. For reactions involving
solids, only the soluble species' concentrations are included in the
equilibrium expression.



The General Form of Ka

For a generic reaction:

AB (s) = A"{+} (agq) + B"{-} (aq)

The equilibrium expression for Ka is:
Ka = [A"{+}][B*{-}]1/[AB (s)]

Since solids are pure substances, their activity is taken as 1 and they do
not appear in the expression.

Applying to the Copper Hydroxide Reaction

The specific reaction involves the dissociation or equilibrium involving
copper hydroxide. The key is to correctly identify the soluble species and
their concentrations.

The reaction can be written as:
Cu(OH) (s) = Cu™{2+} (aq) + 20H"{-} (aq)

Note: The reaction as originally written involves water, but in practice,
formation of copper hydroxide involves its dissociation into copper ions a
hydroxide ions, which is the process captured by the equilibrium constant.

Therefore, the Ka expression for copper hydroxide dissociation is:
Ka = [Cu”{2+}][OH"{-}]"2

This expression reflects the equilibrium between solid copper hydroxide an
its ions in solution.

Significance of the Ka Value (3.00 x 10%4)

Understanding the Value

The value of Ka, 3.00 x 1074, indicates a very large equilibrium constant,
which implies that the dissociation of copper hydroxide is extensive under
the given conditions.

— Large Ka: Means the equilibrium favors the formation of ions, and copper
hydroxide is only sparingly soluble.

— Implication: The compound has low solubility, and the equilibrium lies
heavily on the side of the ions in solution.

Relationship to Solubility Product (Ksp)

The solubility product constant (Ksp) is often used for sparingly soluble
salts like copper hydroxide:

Ksp = [Cu”™{2+}][OH"{-}]"2
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Given the Ka value, it suggests the solubility of Cu(OH) is low, aligning
with typical characteristics of metal hydroxides.

Practical Applications of the Ka Expression

Predicting Solubility

Knowing the Ka or Ksp allows chemists to estimate the solubility of copper
hydroxide in water.

Example Calculation:

— If the ion concentrations at equilibrium are known, the solubility can be
calculated.

- Conversely, if solubility is known, the equilibrium constants can be
deduced.

Understanding Precipitation and Dissolution

- The large Ka value indicates that copper hydroxide readily forms and
remains largely dissociated in solution.

— This knowledge is crucial in processes like water treatment, where copper
compounds are used or encountered.

Complexation and pH Dependence

— Copper hydroxide solubility is pH-dependent; higher pH (more OH- ions)
shifts the equilibrium towards precipitation.
— Complex formation with other ligands can alter the effective Ka.

Factors Affecting the Reaction and Ka

Temperature

— As with most equilibria, temperature affects the Ka value.
- For exothermic reactions, increasing temperature typically decreases Ka,
favoring precipitate formation.

pH Levels

— pH influences the concentration of hydroxide ions.
— Higher pH tends to increase the solubility of copper hydroxide, shifting
the equilibrium.

Presence of Complexing Agents

— Ligands such as ammonia or cyanide can form complexes with copper, changing
the free ion concentrations and effectively altering the observed Ka.



Summary and Key Takeaways

e The Ka expression for copper hydroxide formation/dissociation is: Ka =
[Cu®{2+}] [OH"{-}]"2

e The given Ka value of 3.00 x 1074 indicates a strongly favored
dissociation, hence low solubility of Cu(OH).

e Understanding this equilibrium helps in predicting solubility, managing
precipitation reactions, and controlling copper chemistry in industrial
and environmental processes.

e Factors such as temperature, pH, and complexing agents influence the
position of equilibrium and the value of Ka/Ksp.

Conclusion

Grasping the Ka expression for reactions involving copper ions and hydroxide
is fundamental in inorganic chemistry. The large Ka value underscores the low
solubility of copper hydroxide in water, which has practical implications in
areas ranging from mineral processing to environmental chemistry. By
understanding the derivation and significance of the Ka expression, chemists
can better predict reaction outcomes, design experiments, and manipulate
conditions to achieve desired results in various applications involving
copper compounds.

Note: Always verify the specific form of the equilibrium expression based on
the precise chemical reaction, as variations can occur depending on
conditions and reaction pathways.

Frequently Asked Questions

What is the Ka expression for the dissociation of
Cu(OH) , in water?

The Ka expression for Cu(OH), dissociation is Ka = [Cu?*][0OH 12 / [Cu(OH),],
but since Cu(OH), is a solid, it simplifies to Ka = [Cu?"][OH ]°%.

Given the concentration of Cu?* as 3.00 x 10"* M, how
can we determine the pOH of the solution?

Using the Ka value and the expression Ka = [Cu®?"][0OH ]?%, you can solve for
[OH"], then calculate pOH = —-log[OH ].



What is the significance of the value 3.00 x 10~ * in
the context of Cu(OH), dissociation?

It represents the equilibrium concentration of Cu?* ions in solution, which
is used to determine the degree of dissociation and pOH.

How do you calculate the pKa or Ka for Cu(OH), from
the given data?

If the concentration of Cu?® at equilibrium is known, and assuming the
initial concentration, you can use the dissociation expression to solve for
Ka; however, additional data like initial concentration or pOH is needed for
precise calculation.

Why is the expression Ka important in understanding
the solubility of Cu(OH) ,?

Ka indicates the extent of dissociation of Cu(OH), in solution; a small Ka
value suggests low solubility, while a larger Ka indicates higher solubility.

How can the provided Ka value (3.00 x 10 *) be used
to determine the solubility of Cu(OH) ,?

By setting up the equilibrium expression and solving for [OH ], you can then
find the molar solubility of Cu(OH),, since it relates directly to [OH].

What assumptions are made when calculating the Ka for
Cu(OH) , in dilute solutions?

The main assumptions are that the solid is pure, activity coefficients are
unity, and the dissociation reaches equilibrium, with negligible ion pairing
or secondary reactions.

How does the concentration of Cu?* influence the pOH
and pH of the solution?

An increase in Cu?’ concentration typically indicates more dissociation of
Cu(OH) ,, leading to higher [OH ], thus decreasing pOH and increasing pH (more
basic) .

Additional Resources

The Ka Expression For The Following Reaction Cu?
(a)
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(ag) + H,O0(1l) = Cu(OH), (s) +

Introduction

Understanding the equilibrium behavior of metal ions in aqueous solutions is
fundamental to inorganic chemistry, environmental science, and industrial
processes. Among these, the hydrolysis of copper (II) ions has garnered



significant interest due to its implications in water treatment, mineralogy,
and biological systems. The reaction involving copper (II) ions and water:

Cu?*(aqg) + H,O0(l) = Cu(OH),(s) + (a)

represents a classic example of a hydrolysis process where copper(II) ions
undergo partial precipitation as copper (II) hydroxide. The equilibrium
constant associated with this process, denoted as the acid dissociation
constant or Ka, provides insight into the extent of hydrolysis and the
stability of the species involved.

In this detailed review, we explore the derivation and significance of the Ka
expression for this reaction, analyze the experimental data indicating a Ka
of approximately 3.00 x 10 *, and examine the broader implications of copper
hydrolysis in various contexts.

Background and Significance
Copper in Aqueous Solution

Copper 1is a transition metal with widespread industrial and biological
relevance. When dissolved in water, copper ions can undergo various
equilibria, including complexation, hydrolysis, and precipitation. The
behavior of Cu?® in aqueous environments influences:

- Water quality: Copper hydroxide formation affects water treatment
processes.

— Biological systems: Copper's biocavailability hinges on its speciation.

— Industrial applications: Copper hydroxide is used in fungicides and as a
precursor in materials synthesis.

+

Hydrolysis of Cu®’’ Ions

The hydrolysis of Cu?® involves the reaction of free copper ions with water
molecules, resulting in various hydrated complexes and eventual precipitation

of copper hydroxide. Hydrolysis reactions are characterized by equilibrium
constants that describe the extent of ion dissociation or association.

Derivation of the Ka Expression

General Form of Hydrolysis Equilibria

For a divalent metal ion M?*, the hydrolysis can be generally represented as:
M?* + H,0 = M(OH)* + H'

or further hydrolyzed species, such as:

M(OH)* = M(OH), (s) + H'

In the specific case of copper (II):

Cu?* + H,0 = CuOH" + H"

and



CuOH® + H,O0 = Cu(OH),(s) + H”
The equilibrium constants for these steps are denoted as:

- First hydrolysis step: K;
— Precipitation step: Often characterized by the solubility product (Ksp)

However, in the context of the reaction provided, the focus is on the
equilibrium involving the formation of solid copper hydroxide from aqueous
copper ions.

Specific Reaction and Its Equilibrium Expression

The reaction:

Cu?*(ag) + H,O0(l) = Cu(OH),(s) + (a)

can be associated with its equilibrium constant, Ka, which, in this context,
is often used to denote the degree of hydrolysis or the formation of the

insoluble hydroxide.

The equilibrium expression for this process, considering the activity of
solids as unity, is:

Ka = \[\frac{a_{Cu(OH),} \times a_{(a)}}{a_{Cu”{2+}} \times a_{H,0}}\]
Since solids have activities approximated as unity:

Ka = \[\frac{a_{ (a) }}{a_{Cu™{2+}}}\]

where:

- \(a_{(a)}\) is the activity of the agqueous phase or associated species
\(a_{Cu”{2+}}\) is the activity of free copper ions

Note: The term \( (a) \) in the reaction seems to denote a generic activity
or perhaps a neutral species such as hydroxide ions or protons, depending on
the context. For clarity, the standard notation would involve explicit
species, but in this case, the provided reaction suggests a simplified
equilibrium involving copper hydroxide formation.

Experimental Determination of Ka

Measurement Techniques

The value of Ka, approximately 3.00 x 10 %, is typically derived from
spectrophotometric titrations, pH measurements, or solubility studies. The
process involves:

— Preparing solutions with known copper ion concentrations

- Adjusting pH and monitoring changes in speciation

— Using equilibrium models to fit the data and extract constants

Significance of the Numerical Value

A Ka of 3.00 x 10 * indicates a relatively weak hydrolysis process, implying
that at equilibrium, only a small fraction of copper exists as copper



hydroxide precipitate, with most remaining as free Cu?* ions.
Factors Affecting Ka
Several parameters influence the value of the equilibrium constant:

| Factor | Effect |

| Temperature | Generally increases hydrolysis constants with rising
temperature |

| Tonic strength | Alters activity coefficients, affecting equilibrium
calculations |

| Complexing agents | Can shift equilibria by forming stable complexes |
| pH | Higher pH favors hydroxide formation, shifting equilibrium |

Broader Implications and Applications
Environmental Chemistry

Understanding the hydrolysis equilibrium of copper is crucial in assessing
its mobility and toxicity in natural waters. Copper hydroxide's low
solubility means it often precipitates in neutral to alkaline conditions,
reducing biocavailability but potentially leading to sediment contamination.

Industrial Processes

The solubility and formation constants guide the synthesis of copper-based
materials and inform processes such as:

- Water treatment: Precipitation of copper hydroxide to remove copper ions

— Mineral extraction: Leaching processes rely on hydrolysis and precipitation
equilibria

— Catalysis: Copper hydroxide serves as a precursor for catalytic materials

Biological Systems

Copper's biological activity depends on its speciation; hydrolysis constants
influence its transport, storage, and toxicity within organisms.

Conclusion
The investigation of the Ka expression for the reaction:
Cu?*(ag) + H,O0(l) = Cu(OH),(s) + (a)

provides vital insights into the equilibrium chemistry of copper in aqueous
environments. The approximate value of 3.00 x 10 * indicates a moderate
propensity for copper hydrolysis under standard conditions. This equilibrium
constant allows chemists and environmental scientists to predict copper
behavior across different pH ranges and conditions, informing practical
applications from water purification to materials synthesis.

Understanding the derivation and significance of this Ka expression enhances
our broader comprehension of transition metal hydrolysis processes,



emphasizing the delicate balance of solubility, complexation, and
precipitation in inorganic chemistry. Future research may focus on how
complexing agents or varying environmental parameters alter this equilibrium,
further refining our ability to control and utilize copper chemistry
effectively.
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Note: The exact nature of the species represented by "(a)" in the reaction
should be clarified with experimental context, as it might denote activity of
hydroxide ions (OH") or other species based on specific experimental
conditions.
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