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Overview of
Precipitate
Dissolution




Definition of Dissolution .

Phase Transition Solvation Equilibrium
This chemical process involves the breakdown Dissolution occurs when the attractive forces
of the crystal lattice of a solid precipitate, between the solute particles and the solvent
allowing its constituent ions or molecules to molecules overcome the cohesive forces
enter a solvent and form a homogeneous liquid holding the solid together, reaching a state of

phase. dynamic equilibrium in saturated solutions.



Importance in Quantitative Analysis ‘

® Precision enhancement
— BaSO.l+Cu(0H)2.

.‘ul
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Ensuring complete dissolution of precipitates is critical for y
accurate volumetric and gravimetric measurements. l

® Sample preparation

facilitating the conversion of solid analytes into a homogenous
liquid phase for instrumental detection.

® Errorreduction

Minimizing loss of target ions by preventing incomplete recovery
during the separation process.



General Principles

Solubility Product Equilibrium

Dissolution occurs when the ion product of the substance in the solution is lower than its

solubility product constant.

Chemical Potential Gradient

The process is driven by the difference in chemical potential between the solid phase and

the solute in the liquid phase.

Reversibility of Reactions

Dissolution is a dynamic process where the rate of ions entering the solution exceeds the
rate of ions returning to the solid lattice.
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Solubility Product
Constant (Ksp)




Mathematical Expression of Ksp

Equilibrium Equation

For a sparingly soluble salt, Ksp represents the product of the concentrations of the constituent
ions in a saturated solution, each raised to the power of its stoichiometric coefficient.

Stoichiometric Dependency

The expression varies based on the ionic ratio; for instance, a 1:1 salt like AgCl is expressed as
[Ag+][Cl-], whereas a 1:2 salt like PbCI2 is expressed as [Pb2+][Cl-]?, reflecting the dissociation
geometry.

Temperature Sensitivity

Ksp is a temperature-dependent constant, meaning its numerical value is only valid at a
specific temperature, typically 25°C, as dissolution processes are inherently endothermic or

exothermic.



Relationship Between Solubility and Ksp .

Quantitative correlation

Solubility determines the molar concentration of ions in a saturated solution used to calculate the Ksp
value.

lon ratio impact

The mathematical relationship between solubility and Ksp varies depending on the stoichiometry of
the salt (e.g., AB vs. AB2 types).

Relative solubility comparison

Ksp values can directly compare the solubility of different salts only if they possess the same ion-to-ion

ratio.



Limitations of Ksp

9 Diverse equilibrium reactions

Ksp calculations may be complicated by simultaneous
equilibria such as hydrolysis, complexation, or pH-

dependent side reactions.

Temperature dependence

The value of Ksp varies significantly with temperature,
requiring precise thermal control for accurate solubility

predictions.

9 Concentration effects
Ksp is strictly applicable only to dilute solutions where ion activities are

approximately equal to their molar concentrations.




03

The Common lon
Effect




Mechanism of the Common lon Effect .

Le Chatelier's Principle

When a soluble compound containing a common ion is added to a saturated solution, the system
responds to the stress by shifting the equilibrium toward the formation of the solid precipitate.

lon Concentration

The increase in the concentration of one constituent ion causes the ion product to exceed the solubility
product constant (SK_{sp}$), forcing the excess ions to recombine into an undissolved solid phase.

Electrolyte Behavior

This effect is most pronounced in weak electrolytes and sparingly soluble salts, where the presence of a
strong electrolyte sharing an ion significantly suppresses the dissociation of the original substance.




Calculation of Reduced Solubility ‘

Equilibrium Constant Application

Utilize the solubility product constant (Ksp) to determine the maximum concentration of
ions in the presence of a common ion.

Calculate the revised molar solubility by accounting for the initial concentration of the
common ion added to the solution.

Percentage Decrease Analysis

Evaluate the efficiency of precipitation by comparing the solubility in pure water versus the
solubility in the presence of common ions.

.
® Molar Solubility Determination
.




Practical Applications in Precipitation .

Enhancing complete precipitation

Adding an excess of a reagent containing a common ion to reduce the solubility of the

target precipitate and improve analytical accuracy.

Gravimetric analysis optimization

Controlling the concentration of common ions to ensure the precipitate reaches the

minimum solubility required for precise weighing.

Wastewater treatment processes

Utilizing the common ion effect to remove heavy metal ions by adding specific salts to

force the formation of solid residues.
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Influence of pH on
Solubility




Basic Anions and Acid Sensitivity

1 Conjugate bases

Sparingly soluble salts containing anions that are conjugate bases of weak acids,
such as SCO_37{2-}$ or $S7{2-}S, exhibit significantly higher solubility in acidic
solutions due to anion protonation.

° 9 ° [
2 LeChatelier sPrinciple
The addition of hydronium ions removes basic anions from the equilibrium by

forming weak acids, which lowers the ion product (Q) and drives the further
dissolution of the solid precipitate.

3 Strongacid exceptions F- reacts with added H*

Salts derived from the conjugate bases of strong acids, such as SCI*-$ or SNO_3A-§,
do not react significantly with SH”+$ ions, making their solubility largely
independent of pH changes.



pH Control and Selective Precipitation

Acidity regulation

Adjust the solution pH to control the
concentration of hydroxide ions or
hydrogen ions, thereby influencing the
solubility product equilibrium.

Implement buffer solutions to maintain
a stable pH environment, ensuring the
quantitative precipitation of targetions
while leaving impurities in the filtrate.

Utilize differences in solubility products
of various metal ions at specific pH
values to achieve fractional
precipitation and separation.



Calculating Solubility at Fixed pH .
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@ Buffer system application

Maintain a constant hydrogen ion concentration using appropriate buffer
solutions to simplify equilibrium calculations.

@ Molarsolubility determination

Calculate the total concentration of dissolved species by considering the
acid dissociation constants of the anion.

@ Conditional solubility product

Utilize the effective solubility product constant adjusted for pH to account
for secondary protolytic equilibria.
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Dissolution of Metal
Hydroxides




Hydroxide lon Concentration Effects .

Solubility product constant

The dissolution process is governed by the SK_{sp}$, where the concentration of SOHA-S ions determines the point at
which a metal cation begins to precipitate as a solid hydroxide.

Complex ion formation

High concentrations of SOHA-$ can lead to the formation of soluble hydroxide complexes (e.g., SM(OH)_3A-S or
SM(OH)_47{2-}S), causing a precipitate to redissolve as the solution becomes more basic.

Equilibrium shifts

According to Le Chatelier's principle, increasing or decreasing the SOHA-$ concentration directly shifts the equilibrium
between the solid phase and the dissolved metal species.



Classification of Metal Hydroxides

Highly soluble compounds formed by alkali metals and certain alkaline earth metals.

Strong base hydroxides

Weak base hydroxides

Sparingly soluble compounds typically formed by transition metals and post-transition
metals.

Amphoteric hydroxides

Compounds capable of reacting as either an acid or a base depending on the pH
environment.




Precipitation-Dissolution Curves .

pH-Solubility relationship

Defines the mathematical correlation between the concentration of dissolved metal ions and the pH
value of the solution.

Delineates the specific regions where the solid phase remains stable versus where complete
dissolution occurs.

Amphoteric behavior visualization

Illustrates the characteristic U-shaped curves for hydroxides that redissolve in excess base due to
complex ion formation.

¢
® Equilibrium domain identification
¢
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Amphoterism in Metal
Hydroxides




Characteristics of Amphoteric Hydroxides ‘

® Dual Reactivity

These substances, such as Aluminum hydroxide [Al(OH)s] and Zinc hydroxide [Zn(OH),], possess a unique chemical "chameleon"
nature that allows them to act as either a Brensted-Lowry base or a Lewis acid depending on the pH of the environment.

® Bonding Character

The amphoteric nature arises from the high polarizing power of the central metal cation, which imparts a significant covalent
character to the metal-oxygen bond, allowing for the cleavage of either the M-O or O-H bond.

® Solubility Profile

These hydroxides typically exhibit a U-shaped solubility curve, where they remain insoluble at neutral pH levels but become highly
soluble at both very low and very high pH values.



Reaction with Strong Bases

Formation of hydroxo-complexes

Amphoteric hydroxides react with excess hydroxide ions to form
stable soluble complexions.

Solubility increase

The concentration of free metal cations decreases as they are
consumed, shifting the equilibrium toward dissolution.

Specific examples

Aluminum hydroxide and zinc hydroxide dissolve in sodium
hydroxide to form aluminate and zincate ions respectively.




Reaction with Strong Acids .

Protonation process

The hydroxide ions in the precipitate react with hydronium ions from the strong acid to form

water.

Equilibrium shift

The removal of hydroxide ions shifts the solubility product equilibrium toward the

dissolution of the solid phase.

Formation of soluble salts

The metal cation is released into the solution, resulting in a clear aqueous solution of the

corresponding metal salt.
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Complex lon
Formation




Coordination Chemistry Basics

.
.
.

Lewis Acid-Base Interactions

Coordination complexes form when a central metal ion (Lewis
acid) accepts electron pairs from surrounding ligands (Lewis
bases), creating stable coordinate covalent bonds.

Ligand Classification

Ligands are molecules or ions, such as ammonia (SNH_3S),
cyanide (SCNA-S), or water (SH_20S), that possess at least one lone
pair of electrons to donate to the metal center.

Coordination Number

The specific geometry and stability of a complex are determined
by the coordination number, which reflects the total number of
donor atoms bonded to the central metal ion.
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Formation Constants (Kf)

Definition of stability

Measures the equilibrium position of the formation of a
complexion from its constituent metal ions and ligands.

H,0% “YOH, H,0% | “WOH,
OH; OHZ

?.. 3'0
OH;
HZO//,I' | .“\\\OHZ

OH;
H0,, | OH:

Quantifies the extent to which complexation can compete with
precipitation to increase the molar solubility of sparingly
soluble salts.

H3N//,’ \\\\NH:}

Cu
N | N

Represents the affinity between central metalions and ligands,
where a higher value indicates a more stable complex.

2 Linear [ S N ° [Cucl,], [Ag(NH,),]%[AuCL,]

4 Tetrahedral |

3 Octahedral - \ /

4 Square Planar
[Ni(CN),]", [PdCI‘,]Z'

[Pt(NH,),]*, [Cu(NH, ), ",

[Cu(CN), 1%, [Zn(NH,),]**
[cdcl,]% [MnCl,]*

[Cu(H.0).1% IV(CN).1*.



Competition Between Ksp and Kf

Equilibrium constant comparison hydrated i
Na*(aq)
The dissolution process depends on whether the formation constant of the complexion e s

~—

is large enough to overcome the solubility product constant.

lon concentration shift

Complexing agents reduce the free metal ion concentration in solution, driving the
precipitate equilibrium toward the dissolved phase.

Thermodynamic feasibility

. . o - = ion pair
A spontaneous dissolution occurs when the overall reaction's net equilibrium constant,

derived from Kf divided by Ksp, is significantly high.
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Influence of Redox
Reactions




Mechanism of Oxidative Dissolution

Oxidant action

Strong oxidizing agents, such
as nitric acid or hydrogen
peroxide, react with insoluble
sulfides to convert the sulfide
ion into elemental sulfur or
soluble sulfate, effectively
breaking the crystal lattice.

Electron transfer

The process involves the
removal of electrons from the
anionic or metallic component
of the precipitate, increasing its
oxidation state and making it
more compatible with the
aqueous solvent.

Metal liberation

In metallurgical leaching,
oxidation transforms zero-
valent metals or low-valent
compounds into high-valent
aqueous cations, facilitating
their separation from the solid
gangue.



Mechanism of Reductive Dissolution

Electron transfer process

The reduction of high-valence metal ions in the precipitate lattice increases
solubility by weakening ionic bonds.

Pathway II
Structural destabilization N S
The transformation of insoluble oxidized phases into soluble reduced species Q\f\*‘% W
leads to the collapse of the solid matrix. A & &0?’%,,,,;;;; Fa ®:
0‘”) \) \3, (’r
way I =]

Surface complexation effects

Reductants adsorb onto the precipitate surface to facilitate the release of ions
into the aqueous phase.




Practical Examples in Ore Processing

.
.
.

Sulfide Ore Leaching

Converting insoluble metal sulfides into soluble sulfates through
controlled oxidative leaching processes.

Cyanidation of Gold

Utilizing oxidation in the presence of cyanide ions to dissolve
metallic gold into stable agueous complexes.

Manganese Dioxide Reduction

Employing reducing agents to convert insoluble manganese(IV)
oxide into soluble manganese(ll) ions for extraction.
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Factors Affecting Rate
of Dissolution




Temperature Effects

Kinetic energy

Increasing the temperature raises the average kinetic energy of the solvent molecules, causing

them to collide with the precipitate surface more frequently and with greater force.

Solubility equilibrium

For most solid precipitates, dissolution is an endothermic process, meaning higher
temperatures shift the equilibrium to favor the liquid phase, thereby increasing the total
amount of solute that can be dissolved.

Diffusion rates

Elevated temperatures reduce the viscosity of the solvent, which facilitates the faster

movement of dissolved ions away from the solid-liquid interface into the bulk solution.



Surface Area and Particle Size .

Total Surface Area
Increasing the total contact area between the solid phase and the solvent accelerates the solute transfer
process.

Finer particles decrease the distance required for diffusion, leading to a higher dissolution velocity according to
the Nernst-Brunner equation.

Geometric Influence
Smaller particles exhibit a higher surface-to-volume ratio, significantly enhancing the kinetic interaction at the
solid-liquid interface.

®
® Particle Size Reduction
®



Role of Stirring and Agitation

Enhanced mass transfer

Accelerates the transport of solute molecules from the solid
surface into the bulk solution by reducing the thickness of the
stagnant boundary layer.

Increased concentration gradient
Maintains a high concentration gradient at the solid-liquid
interface, which serves as the driving force for continuous
dissolution.

Prevention of particle aggregation

Keeps precipitate particles suspended and dispersed, ensuring
maximum surface area remains exposed to the solvent for
reaction.
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