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Understanding chemical equilibria is fundamental in chemistry, especially
when analyzing how different substances influence a reaction's direction. In
this article, we delve into the specific equilibrium involving Nicos(s),
Ni2+(aq), and Cos2*(aq), exploring how the addition of various substances can
shift this equilibrium. By understanding the principles governing Le
Chatelier's principle and the specifics of this system, students and
professionals alike can better predict and manipulate chemical reactions in
laboratory and industrial settings.

Introduction to the Equilibrium System

The chemical system under consideration involves the following species:
- Nicoz(s): Solid nickel(III) nitrite

- Ni2+(aq): Nickel(II) ions in aqueous solution

- Cos?*(aq): Cobalt(II) ions in aqueous solution

The equilibrium can be represented as:

\[ \text{Nico} 3(s) \leftrightarrow \text{Ni}~{2+}(aq) + \text{Co} 37{2+}(aq)
\1

This reaction illustrates a dynamic balance where solid Nicos can dissociate
into or be formed from aqueous Ni?* and Cos2?* ions.

Understanding Le Chatelier’s Principle

Le Chatelier's principle states that if a system at equilibrium is subjected
to a change in concentration, temperature, pressure, or volume, the system
will adjust to counteract the imposed change and restore a new equilibrium.

In the context of our equilibrium:



\[ \text{Nico} 3(s) \leftrightarrow \text{Ni}~{2+}(aq) + \text{Co} 37{2+}(aq)
\1

any change in the concentration of Ni2?*, Cos?*, or the addition of other
substances can shift the position of equilibrium.

Factors Affecting the Equilibrium

Several factors influence the equilibrium position:

- Concentration of reactants or products

- Temperature

- Pressure (for gaseous systems)

- Addition of substances that can participate in the reaction

Since Nicos is a solid, its activity remains constant during the reaction,

but changes in the aqueous ions' concentrations will significantly impact
equilibrium.

What Substances Can Affect the Equilibrium?

To understand which substances can shift the equilibrium, consider the
following categories:

1. Adding More Ni2* or Cos2* Ions

- Increases in these ions' concentrations can shift the equilibrium toward
the formation of more solid Nicos, according to Le Chatelier's principle.

- This is a common way to drive the reaction toward the solid form, reducing
ions in solution.

2. Removing Ni2* or Cos2* Ions

- Using ion-exchange or precipitation methods to remove ions can shift the
equilibrium toward dissociation, producing more Ni2* and Cos2?* ions.



3. Adding a Common Ion

- Introducing additional Ni2?* or Cos2?* ions acts as a common ion, potentially
decreasing the solubility of Nicos and shifting the equilibrium toward the
solid phase.

4. Adding Complexing Agents

- Substances like cyanide or EDTA that form complexes with Ni2?+* or Cos2?* ions
reduce free ion concentration.

- This removal of free ions can shift the equilibrium toward dissolution of
Nicos to replenish the ions.

5. Changing Temperature

- As an exothermic or endothermic reaction, temperature changes can favor
either dissolution or precipitation, depending on the enthalpy change.

Specific Examples of Substances That Affect the
Equilibrium

Let’s analyze specific substances and their effects:

Adding Acid (e.g., HCl)

- Acid can provide chloride ions (Cl-), which may complex with metal ions,
removing free Ni?* or Cos?*.

- This reduction in free ions can cause the equilibrium to shift toward
dissolution of Nicos, decreasing the amount of solid Nicos.

Adding Base (e.g., NaOH)

- Increased hydroxide ions (OH-) can precipitate metal hydroxides, removing
Ni?* or Cos?* from solution.
- This removal can promote the formation of Nicos from the dissolved ions.



Adding a Complexing Agent (e.g., EDTA)

- EDTA binds strongly with Ni2* and Cos?*, reducing their free
concentrations.

- As the free ion concentration decreases, the equilibrium shifts toward
dissolving Nicos to replace the complexed ions.

Adding a Common Ion (e.g., NiClz or CoCl:)

- Adding solutions rich in Ni2* or Cos2* ions increases their concentrations
in solution.

- This shifts the equilibrium toward the formation of Nicos solid, reducing
free ion concentrations.

Practical Applications and Considerations

Understanding how various substances influence this equilibrium has practical
implications in fields such as metallurgy, wastewater treatment, and chemical
manufacturing.

Industries Utilizing Equilibrium Shifts

- Metal recovery processes: Adjusting ion concentrations to precipitate or
dissolve specific metal compounds.

- Water purification: Using complexing agents or pH adjustments to remove
metal ions.

- Catalysis: Stabilizing or destabilizing certain metal complexes to enhance
reaction efficiency.

Key Considerations When Manipulating Equilibrium

- The solubility product (Ksp) of Nicos.
- The strength and stability of complexes formed with added substances.
- The temperature dependence of the reaction.



Summary: Which Substances Cause the Equilibrium
to Shift?

In summary, the addition of substances that alter the concentration of ions
involved in the equilibrium or that form complexes with these ions can cause
shifts in the equilibrium position. Specifically:

- Adding Ni2* or Cos2?* ions favors the formation of solid Nicos.

- Removing Ni?* or Cos2* ions (via precipitation or complexation) shifts the
equilibrium toward dissociation.

- Adding complexing agents decreases free ions, favoring dissolution.

- Adding acids or bases can either promote or inhibit precipitation,
depending on the system’s pH and conditions.

- Temperature changes can favor either dissolution or precipitation depending
on thermodynamic parameters.

Conclusion

Mastering the principles governing the equilibrium involving Nicos(s),
Ni2+(aq), and Cos2*(aq) empowers chemists to manipulate reactions
effectively. Recognizing which substances influence this equilibrium-be it
through concentration changes, complex formation, or pH adjustments—is vital
in controlling the outcome of many chemical processes. Whether in laboratory
synthesis, industrial manufacturing, or environmental management,
understanding how to shift equilibrium positions is an essential skill in the
chemist’s toolkit.
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Frequently Asked Questions

What effect does adding a common ion have on the
equilibrium between Nico3”~(s), Ni~2+(aq), and
Co37(2-) (aq)?

Adding a common ion, such as Ni"™2+ or Co3"™(2-), shifts the equilibrium
according to Le Chatelier's principle, potentially reducing the solubility of
the solid or shifting the equilibrium position.



Which substance, when added, would cause the
equilibrium of Nico3(s) and Co3”(2-) (aq) to shift
towards dissolution?

Adding an acid that decreases pH, such as H+, can shift the equilibrium
towards dissolution by converting Co37(2-) into soluble species, thereby
increasing the solubility of Nico3.

How does the addition of an excess of Co37(2-) ions
affect the equilibrium involving Nico3(s)?

Adding excess Co03"(2-) ions shifts the equilibrium towards the solid
Nico3(s), promoting precipitation according to Le Chatelier's principle.

What is the effect of adding a strong acid to the
solution containing Nico3 and Co3"(2-)7?

Adding a strong acid will decrease the concentration of Co3"(2-) ions by
converting them into soluble species like HCO03™- or C02, thus shifting the
equilibrium towards dissolution of Nico3.

Which of the following substances, if added, would
most likely cause a shift in the equilibrium:
additional Ni”2+ ions, H+ ions, or CLl”~- ions?

Adding H+ ions (acid) would most likely cause a shift by altering the
carbonate equilibrium, while Ni"~2+ and C1”~- ions have different effects
depending on the specific reactions involved.

How does the addition of a ligand like CN”-
influence the equilibrium involving Nico3 and
Co37(2-)7?

Adding CN”~- can coordinate with metal ions, potentially forming stable

complexes and shifting the equilibrium to favor complex formation over solid
Nico3 or free Co3™(2-).

What is the overall impact on the equilibrium if the
solution is heated?

Heating the solution generally shifts the equilibrium depending on whether
the dissolution process is endothermic or exothermic; typically, if
dissolution is endothermic, heating would increase solubility, shifting the
equilibrium towards dissolution.
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Introduction

Chemical equilibria play a crucial role in understanding how reactions
proceed and respond to external changes. The system involving
Nicos(s)Ni2?+*(aq) Coz23(aq) offers a compelling case study in the dynamics of
equilibrium shifts, especially when external substances are introduced. This
investigation aims to dissect the underlying principles governing such
equilibria, identify the substances that influence them, and explore the
mechanisms involved.

Understanding the Chemical System
Composition and Context

The notation Nicos(s)Ni2*(aq) suggests a solid phase of nickel(III) complex
or compound, possibly nickel(III) trichloride or related species, although
the precise specification remains ambiguous due to notation inconsistency.
The Co23(aq) indicates an aqueous cobalt species, likely a cobalt(III)
complex or a colloidal form, considering the unusual subscript.

Given the fragmentary notation, a plausible interpretation is that the system
involves a solid nickel compound in equilibrium with aqueous nickel ions, and
an aqueous cobalt species, which may be in equilibrium with other complexes
or ions. To analyze the equilibrium, we might consider hypothetical reactions
such as:

- Nickel complex dissociation or formation
- Cobalt ion complexation
- Interactions between nickel and cobalt species

General Principles at Play

This system is subject to Le Chatelier's principle, which states that a
system at equilibrium responds to external changes—such as concentration,
temperature, or pressure—by shifting to counteract the change. Understanding
which substances affect the equilibrium requires examining how they influence
the equilibrium's components and the interactions among the ions and solids.

Theoretical Framework: Effect of Substances on Equilibrium



Common External Substances and Their Effects

When substances are added to an equilibrium system, they can influence it
via:

- Adding a common ion: Increasing the concentration of an ion already
involved in equilibrium shifts the balance to reduce that ion's activity.

- Changing pH: Alters the speciation of metal ions and complexes.

- Introducing complexing agents: Ligands or chelators can sequester metal
ions, shifting equilibria.

- Adding inert substances: Generally have no direct effect unless they alter
ionic strength or activity coefficients.

Potential Substances and Their Hypothesized Effects
Given the context, the substances possibly considered are:

- Additional nickel or cobalt ions

- Ligands such as chloride, cyanide, or EDTA
- Acids or bases

- Inert salts (e.g., sodium chloride)

The focus here is on which of these would shift the equilibrium
significantly.

Analyzing the Impact of Specific Substances
1. Addition of More Nickel Ions (NiZz+)

Effect:
Adding Ni2?* to the solution would increase the concentration of nickel ions,
which are involved in the equilibrium with the solid nickel complex.

Result:
Le Chatelier's principle predicts a shift to the left (toward the solid
form), reducing the amount of free NiZ2+.

Implication:
This would stabilize the solid Nicos(s), potentially causing more solid to
precipitate or remain intact, depending on the initial conditions.

2. Addition of Cobalt Ions (Co2* or Co3+)

Effect:
Introducing Co%* or Co3* can lead to complex formation, especially if the
equilibrium involves cobalt complexes.



Result:

If cobalt ions bind strongly to ligands present, they could shift equilibria
involving cobalt species, perhaps reducing free Co:3(aq) concentration and
influencing the overall balance.

Implication:

Depending on the specific cobalt complexes formed, this could either shift
the equilibrium towards more complex formation or destabilize existing
complexes.

3. Addition of Ligands (Chloride, Cyanide, EDTA)

Effect:
Ligands like chloride or cyanide can coordinate to metal centers, forming
stable complexes.

Result:

For example, adding chloride ions could lead to the formation of nickel
chloride complexes, such as [NiClas]2-, reducing free Ni2?* concentration.
Similarly, EDTA, a strong chelating agent, could sequester both Ni2* and Co3*
ions.

Implication:

This would shift the equilibrium toward complex formation, reducing the free
metal ion concentration and potentially dissolving or precipitating the
solids depending on the conditions.

4, Addition of Acid or Base

Effect:

Changing pH influences metal ion speciation. Acidic conditions can protonate
ligands or destabilize complexes, whereas basic conditions can promote
hydroxide formation.

Result:

Increased acidity might lead to dissolution of solid nickel or cobalt
species, shifting the equilibrium accordingly.

Implication:

The direction of shift depends on the initial speciation and stability of
complexes under given pH levels.

Practical Implications and Experimental Evidence

Laboratory Observations



Experimental data often show that:

- The addition of excess chloride ions tends to increase the solubility of
nickel and cobalt complexes.

- Chelating agents like EDTA significantly reduce free metal ion
concentrations, shifting equilibria toward soluble complexes.

- Changes in pH can either precipitate or dissolve metal hydroxides,
influencing the equilibrium position.

Significance in Industrial and Environmental Contexts
Understanding how external substances influence such equilibria is vital for:

- Metal recovery and purification processes
- Corrosion control
- Environmental remediation involving metal contamination

Conclusion: Which Substances Cause the Equilibrium to Shift?

Based on the analysis, the substances most likely to cause a shift in the
equilibrium involving Nicos(s)Ni2*(aq) and Co23(aq) include:

- Ligands such as chloride, cyanide, or EDTA: These strongly coordinate with
metal ions, forming complexes and shifting equilibrium toward dissolved
forms.

- Additional nickel or cobalt ions: Increase in free metal ion concentration
pushes the equilibrium toward the solid phase or dissolves existing
complexes, depending on initial conditions.

- Acidic or basic solutions: Alter pH, impacting speciation and stability of
complexes.

In essence, the addition of complexing agents or extra metal ions is most
likely to cause a significant shift in the equilibrium. Recognizing these
influences is critical for controlling reactions and processes involving

nickel and cobalt species.

Final Remarks

The intricate interplay of ions, solids, and external substances underscores
the complexity of equilibrium systems. Precise identification of the
substances causing shifts requires detailed knowledge of the specific
complexes, initial concentrations, and environmental conditions. Nonetheless,
the principles of Le Chatelier’s principle and ligand chemistry provide a
robust framework for predicting and manipulating such equilibria in practical
applications.



Note: For a definitive answer tailored to the specific system described,
additional details—such as exact species, concentrations, and
conditions—would be necessary.
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