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\UNDERSTANDING THE EQUILIBRIUM CONCENTRATION OF MAGNESIUM (MG”") AND CARBONATE (COf‘) IONS IN A SATURATED
SOLUTION OF MAGNESIUM CARBONATE IS ESSENTIAL FOR VARIOUS SCIENTIFIC, INDUSTRIAL, AND ENVIRONMENTAL APPLICATIONS.
MAGNESIUM CARBONATE (MGCO,) IS A COMMON COMPOUND UTILIZED IN PHARMACEUTICALS, ANTACIDS, AND AS A DIETARY
SUPPLEMENT. |TS SOLUBILITY, ION INTERACTIONS, AND EQUILIBRIUM DYNAMICS DIRECTLY INFLUENCE ITS EFFECTIVENESS AND
STABILITY IN DIFFERENT CONTEXTS. THIS ARTICLE DELVES INTO THE CHEMISTRY BEHIND THE EQUILIBRIUM CONCENTRATIONS OF

2 2-
MG " AND COS IONS IN SATURATED MAGNESIUM CARBONATE SOLUTIONS, OFFERING DETAILED INSIGHTS ROOTED IN SOLUBILITY
PRINCIPLES, CHEMICAL EQUILIBRIA, AND RELEVANT CALCULATIONS.

UNDERSTANDING MAGNESIUM CARBONATE AND ITS DiSsoLUTION

WHAT |Is MAGNESIUM CARBONATE?

MAGNESIUM CARBONATE (MGCOg) IS AN INSOLUBLE SALT COMPOSED OF MAGNESIUM IONS (MGQ"‘) AND CARBONATE IONS
(C03 2—) [T APPEARS NATURALLY IN MINERAL DEPOSITS LIKE MAGNESITE AND DOLOMITE AND IS WIDELY USED IN INDUSTRIES
FOR ITS ANTACID PROPERTIES, AS A DRYING AGENT, AND IN SPORTS (E.G., GYMNASTICS AND ROCK CLIMBING).

SoLUBILITY oF MAGNESIUM CARBONATE

THE soLUBILITY oF MGCOJ IN WATER IS LIMITED, MEANING ONLY A SMALL AMOUNT DISSOLVES TO PRODUCE A SATURATED
SOLUTION. THE DISSOLUTION PROCESS CAN BE REPRESENTED AS:

McCO3(s) M2+(AaQ) + CO32-(AQ)

THE EQUILIBRIUM BETWEEN SOLID MGCOJ3 AND ITS IONS IN SOLUTION GOVERNS THE CONCENTRATIONS OF MG2+ anp CO32-.

EQuILIBRIUM PRINCIPLES GOVERNING MAGNESIUM CARBONATE DISSOLUTION

SoLuBILITY ProbucT CONSTANT (KSP)

THE SOLUBILITY of MGCO3 IS CHARACTERIZED BY ITS SOLUBILITY PRODUCT CONSTANT (KSP), WHICH IS DEFINED AS:
Ksp = [Mc2+][CO32-]

AT EQUILIBRIUM, THE CONCENTRATIONS OF MG2+ AND CO32— ARE EQUAL BECAUSE THEY ARE PRODUCED IN A 1:1 MOLAR
RATIO DURING DISSOLUTION.



FACTORS AFFECTING EQUILIBRIUM CONCENTRATIONS

SEVERAL FACTORS INFLUENCE THE EQUILIBRIUM CONCENTRATIONS IN SATURATED SOLUTIONS:

- TEMPERATURE: SOLUBILITY TYPICALLY VARIES WITH TEMPERATURE; FOR MGCO 3, INCREASING TEMPERATURE MAY INCREASE
OR DECREASE SOLUBILITY DEPENDING ON ENDOTHERMIC OR EXOTHERMIC DISSOLUTION.

- PH OF THE SOLUTION: SINCE CARBONATE IONS CAN REACT WITH ACIDS, THE PH AFFECTS THE CARBONATE EQUILIBRIUM.

- Presence oF CoMMON |ons: ADDITIONAL MG2+ or CO32— IONS FROM OTHER SOURCES CAN SHIFT THE EQUILIBRIUM VIA THE

COMMON |ON EFFECT.
- ForMATION OF COMPLEXES: THE FORMATION OF COMPLEXES OR PRECIPITATES INFLUENCES FREE ION CONCENTRATIONS.

DETERMINING EQUILIBRIUM CONCENTRATIONS IN SATURATED MAGNESIUM
CARBONATE SOLUTIONS

STepP 1: ESTABLISHING THE SoLUBILITY ProbucT ConsTANT (K_,)

THE FIRST STEP IS TO IDENTIFY THE KSP VALUE FOR MGCO 3. BASED ON EXPERIMENTAL DATA, THE APPROXIMATE KSP AT
25°Cs:

Ksp =~ 6.8 X 10-6

THIS VALUE INDICATES THAT THE CONCENTRATIONS OF MG2+ AND CO32— IN A SATURATED SOLUTION ARE VERY LOW,
REFLECTING LIMITED SOLUBILITY.

STeP 2: CALCULATING |loN CONCENTRATIONS

ASSUMING THE SOLUTION IS SATURATED AND THE DISSOLUTION IS THE ONLY SOURCE OF IONS:
LeT [Mc2+]=[CO32-]=s

THeN,

Ksp=s2

SOLVING FOR S:

s=p $#=F (6.8%x186)=~2.6x 10-3 moL/L

THUS, IN A SATURATED MAGNESIUM CARBONATE SOLUTION:

- CONCENTRATION OF MG2+ IONS: APPROXIMATELY 2.6 MM
- CoNCENTRATION oF CO32— IONS: APPROXIMATELY 2.6 MM

STeP 3: ConsIDERATION OF PH AND CARBONATE EQUILIBRIA

THE CARBONATE SYSTEM IN AQUEOUS SOLUTION INVOLVES MULTIPLE EQUILIBRIA:
1. DISSOCIATION OF CARBONIC ACID:
H2CO3 H+ HCO3-

2. FURTHER DISSOCIATION:



HCO3- B #+CO32-

THE PH DETERMINES THE PREDOMINANT CARBONATE SPECIES. IN NEUTRAL TO SLIGHTLY ALKALINE SOLUTIONS (PH 8-1 O),
CO32- IS THE DOMINANT FORM, WHICH IS RELEVANT FOR MAGNESIUM CARBONATE SOLUBILITY.

IMPACT oF PH:

- HiGHER PH FAVORS THE FORMATION OF CO32—, INCREASING ITS CONCENTRATION.
- ACIDIC CONDITIONS CONVERT CARBONATE TO BICARBONATE OR CARBONIC ACID, REDUCING FREe CO32-.

IMPLICATIONS OF EQuUILIBRIUM CONCENTRATIONS IN PRACTICAL
APPLICATIONS

INDUSTRIAL AND ENVIRONMENTAL SIGNIFICANCE

- SCALING AND PRECIPITATION: UNDERSTANDING THE EQUILIBRIUM HELPS PREVENT UNWANTED MINERAL SCALING IN PIPES AND
EQUIPMENT.

- WATER TREATMENT: MAGNESIUM CARBONATE CAN BE USED TO REMOVE EXCESS CARBONATE OR MAGNESIUM FROM WATER
SOURCES.

- CARBON CAPTURE: INSIGHTS INTO CARBONATE EQUILIBRIA ARE VITAL FOR DEVELOPING CO2 SEQUESTRATION PROCESSES.

BioLoaicAL AND PHARMACOLOGICAL CONTEXTS

- ANTACID FUNCTIONALITY: MAGNESIUM CARBONATE'S SOLUBILITY INFLUENCES ITS EFFECTIVENESS IN NEUTRALIZING STOMACH
ACID.
- NUTRITIONAL SUPPLEMENTS: CONTROLLED DISSOLUTION ENSURES PROPER BIOAVAILABILITY.

ADVANCED Torics: COMPLEX FORMATION AND THERMODYNAMIC
CONSIDERATIONS

CoMPLEXATION WITH OTHER |ONS

IN SOME SOLUTIONS, MAGNESIUM MAY FORM COMPLEXES WITH LIGANDS SUCH AS SULFATE OR CHLORIDE, WHICH CAN ALTER FREE
MG2+ CONCENTRATIONS AND INFLUENCE SOLUBILITY.

THERMODYNAMICS OF MAGNESIUM CARBONATE DISSOLUTION

THE DISSOLUTION PROCESS'S THERMODYNAMIC PARAMETERS, SUCH AS AGO, AHO, AND ASQ, DETERMINE THE SPONTANEITY
AND TEMPERATURE DEPENDENCE OF SOLUBILITY.

SUMMARY AND CONCLUSIONS

- THE EQUILIBRIUM CONCENTRATIONS OF MG2+ AND CO32— IONS IN SATURATED MAGNESIUM CARBONATE SOLUTIONS ARE
GOVERNED PRIMARILY BY THE SOLUBILITY PRODUCT CONSTANT (KSP).



- AT 25°C, THESE CONCENTRATIONS ARE APPROXIMATELY 2.6 MM EACH, ASSUMING IDEAL CONDITIONS AND NO INTERFERING
IONS.

- THe PH, TEMPERATURE, AND PRESENCE OF OTHER IONS SIGNIFICANTLY INFLUENCE THE CARBONATE EQUILIBRIUM AND ION
CONCENTRATIONS.

- UNDERSTANDING THESE EQUILIBRIA IS CRITICAL FOR OPTIMIZING INDUSTRIAL PROCESSES, ENVIRONMENTAL MANAGEMENT, AND
PHARMACEUTICAL APPLICATIONS INVOLVING MAGNESIUM CARBONATE.

FINAL REMARKS

MASTERY OF THE EQUILIBRIUM CHEMISTRY OF MAGNESIUM CARBONATE PROVIDES VITAL INSIGHTS INTO ITS BEHAVIOR IN
AQUEOUS ENVIRONMENTS. \WHETHER FOR PREVENTING MINERAL SCALING, DESIGNING EFFECTIVE ANTACIDS, OR MODELING CARBON
SEQUESTRATION, A SOLID GRASP OF THE UNDERLYING PRINCIPLES ENSURES BETTER CONTROL AND UTILIZATION OF THIS
IMPORTANT COMPOUND. CONTINUED RESEARCH AND PRECISE MEASUREMENTS OF KSP AND RELATED PARAMETERS WILL FURTHER
ENHANCE OUR UNDERSTANDING OF MAGNESIUM CARBONATE'S CHEMISTRY IN SATURATED SOLUTIONS.

FREQUENTLY AskeD QUESTIONS

\WHAT IS THE EQUILIBRIUM CONCENTRATION OF MG2* AND CO42~ 1ONS IN A
SATURATED MAGNESIUM CARBONATE SOLUTION?

THE EQUILIBRIUM CONCENTRATIONS OF MG2 AND CO 42~ IONS DEPEND ON THE SOLUBILITY PRODUCT (KSP) OF MAGNESIUM
CARBONATE. AT SATURATION, THE ION CONCENTRATIONS ARE DETERMINED BY SOLVING THE KSP EXPRESSION: KSp =
[MG2*][CO427]. TyrICALLY, FOR MGCO,, THE CONCENTRATIONS ARE VERY LOW, ON THE ORDER OF 107° MoL/L, BUT EXACT
VALUES DEPEND ON TEMPERATURE.

How DOES TEMPERATURE AFFECT THE EQUILIBRIUM CONCENTRATIONS OF MG AND CO3
IONS IN SATURATED MAGNESIUM CARBONATE SOLUTIONS?

INCREASING TEMPERATURE GENERALLY INCREASES THE SOLUBILITY OF MAGNESIUM CARBONATE, LEADING TO HIGHER EQUILIBRIUM
CONCENTRATIONS OF MG2T AND CO32_ IONS. CONVERSELYI LOWERING TEMPERATURE DECREASES THEIR CONCENTRATIONS, AS
SOLUBILITY DECREASES.

\WHAT IS THE ROLE OF THE SOLUBILITY PRODUCT (KSP) IN DETERMINING ION
CONCENTRATIONS IN SATURATED MGCO4 SOLUTIONS?

THE KSP VALUE DEFINES THE MAXIMUM PRODUCT oF MG2+ AND CO,42™ ION CONCENTRATIONS IN A SATURATED SOLUTION. |T
ALLOWS CALCULATION OF THE EQUILIBRIUM CONCENTRATIONS BY SOLVING [MGZ*][CO427] = KSp, ASSUMING THE SOLUTION IS
AT EQUILIBRIUM.

How Do COMMON ION EFFECTS INFLUENCE THE CONCENTRATIONS oF MG2+ anp CO,42~
IN MAGNESIUM CARBONATE SOLUTIONS?

THE PRESENCE OF ADDITIONAL MG2t or COSZ_ IONS FROM OTHER SOURCES REDUCES THE SOLUBILITY OF MGCOS DUE TO
COMMON |ON EFFECT, DECREASING THEIR EQUILIBRIUM CONCENTRATIONS IN THE SATURATED SOLUTION.

\WHAT METHODS CAN BE USED TO EXPERIMENTALLY DETERMINE THE EQUILIBRIUM
CONCENTRATIONS OF MG AND COj; IONS IN SATURATED MAGNESIUM CARBONATE
SOLUTIONS?

ANALYTICAL METHODS SUCH AS ATOMIC ABSORPTION SPECTROSCOPY (AAS), INDUCTIVELY COUPLED PLASMA (ICP)



ANALYSIS, OR TITRATION METHODS CAN BE EMPLOYED TO MEASURE MaG2t AND C032_ CONCENTRATIONS ACCURATELY AT
EQUILIBRIUM.

\W/HY IS UNDERSTANDING THE EQUILIBRIUM CONCENTRATIONS OF MG AND CO3 IONS
IMPORTANT IN INDUSTRIAL APPLICATIONS INVOLVING MAGNESIUM CARBONATE?

KNOWING THESE CONCENTRATIONS HELPS OPTIMIZE PROCESSES LIKE MINERAL SCALING PREVENTION, MAGNESIUM EXTRACTION, AND
CARBONATE PRECIPITATION, ENSURING EFFICIENCY AND SAFETY IN INDUSTRIAL OPERATIONS.

How poes PH INFLUENCE THE EQUILIBRIUM CONCENTRATIONS OF MG AND CO3 IONS IN
THE SATURATED MAGNESIUM CARBONATE SOLUTION?

PH AFFECTS THE CARBONATE EQUILIBRIUM; HIGHER PH FAVORS THE FORMATION OF CO427 IONS, INCREASING THEIR
CONCENTRATION, WHILE LOWER PH SHIFTS THE EQUILIBRIUM TOWARD BICARBONATE (HCO, ™), REpuciNg CO4%~ LEVELS.

CAN THE PRESENCE OF OTHER IONS AFFECT THE SOLUBILITY AND EQUILIBRIUM
CONCENTRATIONS OF MG AND CO3 IN MAGNESIUM CARBONATE SOLUTIONS?

YES, 10NS SUCH AS CAZY or SO 4%~ CAN FORM COMPLEX IONS OR PRECIPITATES, REDUCING THE FREE MGZt anD CO 42~
CONCENTRATIONS AND THUS ALTERING THE EQUILIBRIUM STATE.

W/HAT IS THE SIGNIFICANCE OF SATURATION IN THE CONTEXT OF MAGNESIUM
CARBONATE SOLUTIONS?

SATURATION INDICATES THE MAXIMUM AMOUNT OF MGCO3 THAT CAN DISSOLVE IN WATER AT A GIVEN TEMPERATURE,
ESTABLISHING THE EQUILIBRIUM POINT WHERE THE RATE OF DISSOLUTION EQUALS THE RATE OF PRECIPITATION, WITH FIXED ION
CONCENTRATIONS.

How CAN CHANGES IN PRESSURE INFLUENCE THE EQUILIBRIUM CONCENTRATIONS oF MG2*
AND CO32~ IN MAGNESIUM CARBONATE SOLUTIONS?

IN AQUEOUS SOLUTIONS AT TYPICAL CONDITIONS, PRESSURE HAS MINIMAL EFFECT ON ION CONCENTRATIONS. HO\X/EVER, UNDER
HIGH-PRESSURE CONDITIONS, SUCH AS IN GEOLOGICAL PROCESSES, INCREASED PRESSURE CAN ENHANCE SOLUBILITY AND THUS
THE EQUILIBRIUM CONCENTRATIONS.

ADDITIONAL RESOURCES

\WHAT ARE THE EQUILIBRIUM CONCENTRATIONS OF M2+ AND Co,2” |ONS IN A SATURATED SOLUTION OF MAGNESIUM
CARBONATE?

\UNDERSTANDING THE EQUILIBRIUM CONCENTRATIONS OF MAGNESIUM 10NS (MG2) AND cARBONATE 10NS (CO427) IN A
SATURATED SOLUTION OF MAGNESIUM CARBONATE (MGCO3) IS FUNDAMENTAL IN FIELDS SUCH AS GEOCHEMISTRY, MATERIALS

SCIENCE, AND INDUSTRIAL CHEMISTRY. THIS DETAILED REVIEW EXPLORES THE PRINCIPLES GOVERNING THESE CONCENTRATIONS,
THE CHEMICAL EQUILIBRIA INVOLVED, FACTORS AFFECTING SOLUBILITY, AND PRACTICAL IMPLICATIONS.

INTRODUCTION TO MAGNESIUM CARBONATE AND ITS SOLUBILITY

MAGNESIUM CARBONATE (MGCO3> IS A SPARINGLY SOLUBLE SALT, MEANING IT DISSOLVES ONLY TO A LIMITED EXTENT IN



WATER. TS SOLUBILITY EQUILIBRIUM PLAYS A CRITICAL ROLE IN NATURAL SYSTEMS (E.G./ CARBONATE ROCKS, MINERAL
DEPOSITS) AND INDUSTRIAL PROCESSES (E.G., CARBONATION, MAGNESIUM EXTRACTION).

- CHeMICAL ForMuLA: MGCO,
- CoMMON ForMs: MAGNESITE (NATURAL MINERAL), SYNTHETIC MGCOy,
- APPLICATIONS: REFRACTORY MATERIALS, ANTACIDS, CARBON CAPTURE

THE KEY QUESTION CENTERS ON WHAT THE EQUILIBRIUM CONCENTRATIONS OF MaG2t aND CO32_ IONS ARE WHEN THE SOLUTION
IS SATURATED WITH MGCO3. THESE CONCENTRATIONS ARE GOVERNED BY THE SOLUBILITY PRODUCT CONSTANT (KSP).

FUNDAMENTAL EQUILIBRIA OF MAGNESIUM CARBONATE

THE DISSOLUTION OF MGC03 IN WATER INVOLVES TWO MAIN EQUILIBRIA:

1. DissoLuTION EQUILIBRIUM
\[ \TexT{McCO} 3 (s) \LerTrIGHTARROW \TEXT{MG}"{2+} (AQ) + \TexT{CO} 3"{2-} (aQ) \]

- THE SOLUBILITY PRODUCT CONSTANT (Ksp) For MGCO4 AT A GIVEN TEMPERATURE (TYPICALLY 25°C) IS APPROXIMATELY:

\[
K_{sp} \approx 6.8 \TiMes 107{-6}

\]

(NOTEZ EXACT VALUE CAN VARY SLIGHTLY DEPENDING ON SOURCE AND TEMPERATURE)

2. Acip-BAse EQuILIBRIA oF CARBONATE

THE CARBONATE ION (C032_> EXISTS IN EQUILIBRIUM WITH BICARBONATE AND CARBON DIOXIDE IN AQUEOUS SOLUTION:

1. FIRST DISSOCIATION:

\[
\Text{CO}_3"{2-} + \1exT{H} 2\1exT{O} \LerTrIGHTARROW \TEXT{HCOJ} 3"- + \TeXT{OH}"-
\]

2. SECOND DISSOCIATION:

\[

\TexT{HCOJ} 3"- + \1exT{H} 2\TexT{O} \LerTrIGHTARROW \TEXT{H} 2\TexT{CO} 3 + \TexT{OH}"-
\]

HOWEVER, IN SATURATED SOLUTIONS oF MGCOj, THE PRIMARY SPECIES ARE MGZ* AND CO427, WITH MINOR CONTRIBUTIONS
FROM BICARBONATE AND DISSOLVED CO, DEPENDING ON PH.

DETERMINING EQUILIBRIUM CONCENTRATIONS

THE EQUILIBRIUM CONCENTRATIONS OF MaG2t AND COSZ_ ARE INHERENTLY LINKED THROUGH THE SOLUBILITY PRODUCT:

\l



K _{sp} = [\TexT{Mc}"{2+3] [\TexT{CO} 3"{2-}]
\]

ASSUMING PURE MGCO, DISSOLVES WITHOUT ADDITIONAL REACTIONS INFLUENCING THE IONIC CONCENTRATIONS, THE MOLAR
SoLUBILITY (S) oF MGCO, DICTATES THESE CONCENTRATIONS:

\[
N\text{Mc}{2+}] = [\texT{CO} 3"{2-}]=S
\]

THUS, AT EQUILIBRIUM:

\[
K {sp}=5"2
\]

\WHICH YIELDS:

\[
S = \sqrT{K_{sr}} \arrrox \sQrT{4.8 \TiMes 10°{-6}} \aprrox 2.6 \TiMes 10°{-3} \, \TexT{M}
\]

THEREFORE, THE APPROXIMATE EQUILIBRIUM CONCENTRATIONS ARE:

-Ma?t: 2.6 MM
- COL%: 2.6 MM

THIS IS A SIMPLIFIED ESTIMATION ASSUMING IDEAL CONDITIONS AND NO OTHER EQUILIBRIA AFFECT ION CONCENTRATIONS.

INFLUENCE oF PH AND CARBONATE SPECIATION

W/HILE THE ABOVE PROVIDES A BASELINE, THE ACTUAL IONIC CONCENTRATIONS IN A SATURATED MGC03 SOLUTION ARE
INFLUENCED BY PH AND RELATED EQUILIBRIA:

PH DePENDENCE

- THE CARBONATE SYSTEM IS PH-SENSITIVE.
- AT HIGHER PH (ALKALINE CONDITIONS), CO42~ DOMINATES.
- AT Lower PH (AciDIC conDITIONS), BICARBONATE (HCO,™) AND DISsOLVED CO, BECOME SIGNIFICANT.

IMPLICATION:

- IN NATURAL WATERS WITH PH > @ THE PREDOMINANT CARBONATE SPECIES IS CO4%™, CLOSELY MATCHING THE SIMPLE MODEL.
- IN MORE NEUTRAL OR ACIDIC SOLUTIONS, THE TOTAL CARBONATE CONCENTRATION INCLUDES BICARBONATE AND CO,, WHICH
REDUCES THE FREE CO42~ CONCENTRATION.

SPECIATION EQUILIBRIA OF CARBONATE SYSTEM

THE DISTRIBUTION OF CARBONATE SPECIES IS GOVERNED BY THE FOLLOWING EQUILIBRIA AND THEIR RESPECTIVE CONSTANTS:

1. DISSOCIATION OF BICARBONATE:

\[
\TexT{HCO} 3"- \LerTriGHTARROW \TEXT{CO} 3"{2-} + \TexT{H}"+
\]



EQUILIBRIUM CONSTANT:

\[
K_{a2} \approx 5 \TiMes 107{-11}

\]

2. DISSOCIATION OF CARBONIC ACID:

\[
\TexT{H} 2\1exT{CO3} 3 \LerTrIGHTARROW \TEXT{H}"+ + \TexT{HCO} 3"-

\]

EQUILIBRIUM CONSTANT:

\[
K_{a1} \approx 4.3 \TiMes 10"{-7}

\]

CONCLUSION: THE DOMINANT CARBONATE SPECIES DEPENDS ON PH, WHICH INFLUENCES THE ACTUAL CONCENTRATION OF FREE
CO427 IONS IN SOLUTION.

FACTORS AFFECTING EQUILIBRIUM CONCENTRATIONS

SEVERAL FACTORS CAN SHIFT THE EQUILIBRIUM AND ALTER ION CONCENTRATIONS IN SATURATED SOLUTIONS:

1. TEMPERATURE

- INCREASING TEMPERATURE TYPICALLY INCREASES SOLUBILITY FOR MOST SALTS, BUT MGCO3/S SOLUBILITY DECREASES
SLIGHTLY WITH RISING TEMPERATURE.
- THE KSP VALUE VARIES WITH TEMPERATURE, AFFECTING THE EQUILIBRIUM CONCENTRATION.

2. loNIC STRENGTH AND PRESENCE OF OTHER IONS

- THE PRESENCE OF OTHER IONS CAN INFLUENCE ACTIVITY COEFFICIENTS, THEREBY AFFECTING THE SOLUBILITY.
- CoMMon 1ons LIKE CAZF Na* or CL™ CAN PARTICIPATE IN SIDE REACTIONS OR ION EXCHANGE PROCESSES.

3. PH AND BUFFER SYSTEMS

- As DISCUSSED, PH INFLUENCES CARBONATE SPECIATION.
- BUFFER SYSTEMS CAN MAINTAIN PH, THUS STABILIZING CARBONATE SPECIES DISTRIBUTION.

4. PressURe AND CO,, PARTIAL PRESSURE

- ELEVATED PARTIAL PRESSURES OF CO2 CAN SHIFT EQUILIBRIA TOW ARD BICARBONATE OR DISSOLVED C02, DECREASING FREE
CARBONATE IONS.

PRACTICAL IMPLICATIONS AND APPLICATIONS

UNDERSTANDING THE EQUILIBRIUM CONCENTRATIONS OF Ma2t aND CO32_ IN SATURATED SOLUTIONS IS CRITICAL IN VARIOUS



APPLICATIONS:

1. GEOCHEMICAL PROCESSES

- FORMATION OF MAGNESIUM-RICH CARBONATE ROCKS (E.G./ MAGNESITE DEPOSITS) DEPENDS ON THE SOLUBILITY AND
PRECIPITATION CONDITIONS.
- OCEAN CHEMISTRY AND CARBONATE BUFFERING SYSTEMS INFLUENCE CLIMATE REGULATION.

2. InousTrIAL CARBON CAPTURE AND STOrRAGE (CCS)

- MAGNESIUM CARBONATE CAN BE PRECIPITATED FROM FLUE GASES CONTAINING CO,,.
- CoNTROLLING MG%T AND CO 42~ CONCENTRATIONS ENSURES EFFICIENT MINERAL CARBONATION.

3. MATERIAL SYNTHESIS

- SYNTHESIS OF MGC03 PARTICLES REQUIRES PRECISE CONTROL OF SOLUBILITY AND ION CONCENTRATIONS.
- SATURATION LEVELS INFLUENCE CRYSTAL SIZE, MORPHOLOGY, AND PURITY.

4. ENVIRONMENT AL MONITORING

- PH AND ION CONCENTRATION MEASUREMENTS HELP ASSESS WATER QUALITY AND CARBONATE MINERAL STABILITY.

ADVANCED CONSIDERATIONS: ACTIVITY COEFFICIENTS AND REAL-SYSTEM
COMPLEXITIES

THE IDEALIZED CALCULATIONS ASSUME ACTIVITY COEFFICIENTS ARE UNITY, WHICH IS RARELY TRUE IN REAL SOLUTIONS,
ESPECIALLY AT HIGHER IONIC STRENGTHS. T O REFINE PREDICTIONS:

- Usk DEBYE‘H CKEL THEORY OR PITZER EQUATIONS TO ACCOUNT FOR IONIC INTERACTIONS.
- ADJUST CONCENTRATIONS TO ACTIVITY VALUES:

\[

K {sp}=a_{\text{Mc}"{2+}} \1iMes a_{\1exT{CO} 3*{2-}}

\]

- ACTIVITIES ARE RELATED TO CONCENTRATIONS BY ACTIVITY COEFFICIENTS (\(\caMma\)):
\[

A_1=\cAMMA I [i]

\]

- For piLUTE soLuTIons, \(\GaMMA_1 \APPROX 1)), BUT FOR CONCENTRATED OR COMPLEX SOLUTIONS, THIS CORRECTION IS
NECESSARY.



SUMMARY AND KEY T AKEAWAYS

- THE EQUILIBRIUM CONCENTRATIONS OF MG+ AND CO,27 IN A SATURATED MGCO, SOLUTION ARE APPROXIMATELY 2.6 MM
EACH AT 25°C, DERIVED FROM THE SOLUBILITY PRODUCT.

- THESE VALUES ASSUME IDEAL CONDITIONS AND FULL DISSOCIATION, PRIMARILY RELEVANT IN HIGH PH, CARBONATE-RICH
ENVIRONMENTS.

- THE ACTUAL CONCENTRATIONS DEPEND HEAVILY ON PH, TEMPERATURE, IONIC STRENGTH, AND PARTIAL PRESSURE OF CO,,.
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