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AHHoTauus. B nanHoi ctathe uzydaercs BiusiHue pH Ha pacTBOPHMOCTh OKcajaTa KajdblUs
(CaC20s4). HccnemoBaHue NOPOBOAMIOCH B COOTBETCTBHHM C MEXKIYHAPOJHBIMH CTaHAAPTaMHU
(manpumep, tpedoBanusMu ACS u IUPAC). Pe3ynbTaThl npeacTaBieHbl B rpauuecKoi u TaOJIUIHON
dopme, a Takke NpoaHAIM3UpOBaHO BimsHUe pH Ha pactBopumocth. llens wuccienoBanus —
CMOJICJIUPOBaTh PACTBOPUMOCTH OKcajlaTa Kalblus Kak (QyHKOui0 pH ¥ mpoaeMOHCTPUpPOBATH €ro
Ba)KHOCTH B ME/IUIIMHE (TIOUYCYHOKAMEHHAst 00JIC3Hb) U XMMUYECKOM MPOMBILIICHHOCTH.

KarwoueBble ciaoBa: Oxcanar KaiblHs, PacTBOPHUMOCTh, BiusHUEe pH, KaMHM B IOYKax,
KpHCTAIIM3aLus, TeopeTuueckoe MoaeupoBanue, crangaptel ACS/IUPAC, kinHuYeckoe 3HadeHHe,
HPOMBIIIICHHOE IPUMECHEHHUE.

Abstract: This article studies the effect of pH on the solubility of calcium oxalate (CaC204).
The study was conducted in accordance with international standards (e.g., ACS and IUPAC
requirements). The results are presented in graphical and tabular form, and the effect of pH on
solubility is analyzed. The aim of the study is to model the solubility of calcium oxalate as a function
of pH and to demonstrate its importance in medicine (kidney stones) and the chemical industry.

Keywords: Calcium oxalate, solubility, pH effect, kidney stones, crystallization, theoretical
modeling, ACS/IUPAC standards, clinical significance, industrial applications

Annotatsiya. Ushbu tezisda kalsiy oksalat (CaC:04) tuzining eruvchanligiga muhit pH
giymatining ta'siri o‘rganilgan. Tadqiqot xalqaro standartlarga (masalan, ACS va I[UPAC talablariga)
muvofiq ravishda olib borilgan. Natijalar grafik va jadval shaklida taqdim etilgan bo‘lib, pH
giymatining eruvchanlikka ta'siri tahlil qilingan. Tadgiqotning maqgsadi - kalsiy oksalatning
eruvchanligini pH ga bog‘liq holda modellashtirish va uning tibbiyot (buyrak toshlari) va kimyo
sanoatidagi ahamiyatini ko‘rsatish.

Kalit so‘zlar: Kalsiy oksalat, eruvchanlik, pH ta'siri, buyrak toshlari, kristallanish, nazariy
modellashtirish, ACS/IUPAC standartlari, klinik ahamiyat, sanoat ilovalari

Introduction

Calcium oxalate (CaC:04) is a widely distributed, poorly soluble inorganic salt in nature, which
plays an important role in geochemical, biological and industrial processes. This compound is found in
natural minerals (for example, whewellite — CaC204-H20 and weddellite — CaC204:2H20) and is
formed as a metabolic product in plants, microorganisms and the human body. In particular, the
formation of calcium oxalate crystals in the human urinary system is one of the main factors in the
pathogenesis of urolithiasis (kidney stone disease). According to clinical observations, approximately
70-80% of kidney stones are composed of calcium oxalate monohydrate or dihydrate crystals.

Calcium oxalate has a very low solubility in water, which is described by the heterogeneous
equilibrium:

CaC20x4 (s) = Ca?* (aq) + C204* (aq)

This equilibrium is expressed by the solubility product constant (Ksp):

Ksp = [Ca?"][C204>]

The Ksp value for CaC.Os at 25 °C is approximately 2.3 x 107°, indicating its very low
solubility. The solubility depends not only on the Ksp value, but also on the ionic strength,
temperature, and especially the pH of the solution.

The pH of the environment is one of the main factors determining the protonation equilibrium
of the oxalate ion. The protonation of the oxalate ion occurs in two steps:

C:044 + H' & HC.O4™ (Ky)
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HC:04 + H* & H2C204 (K2)

These reactions are characterized by the dissociation constants of oxalic acid:

H:C:04 & H* + HC:04~ pKa: = 1.25

HC:04 = H + C204* pKax~4.27

In an acidic environment (at low pH), oxalate ions are protonated and the concentration of free
C204* ions decreases. According to Le Chatelet's principle, this shifts the solubility equilibrium to the
right and increases the solubility of CaC:0a.. In contrast, in alkaline media, the main form of the
oxalate ion is C2042", which combines with Ca?* ions to form a sparingly soluble precipitate.

From a thermodynamic point of view, the total solubility can be expressed by the following
equation:

S = V(Ksp / @2) where: a2 is the fraction of the oxalate ion in the total oxalate
concentration and is a function of pH.

This relationship requires the introduction of the concept of the conditional solubility product
(K'sp) of calcium oxalate:

K'sp=Ksp/ a2

As aresult, with a decrease in pH, a2 decreases and K'sp increases, which leads to an increase in
the total solubility.

This equilibrium is of particular importance in biological systems, since the concentration of
Ca?" and C:0O+* ions in human urine, the pH value, and the ionic strength are the main determinants of
the crystallization process. Changes in urine pH affect the crystallization or dissolution processes by
changing the protonation level of oxalate ion. Therefore, controlling urine pH is of great clinical
importance in kidney stone prevention and treatment strategies.

The main objective of this study is to study the effect of environmental pH on the solubility of
calcium oxalate experimentally and theoretically, to mathematically model the solubility equilibrium,
to analyze the pH-solubility relationship in graphical and tabular form, and to scientifically
substantiate the results obtained from the point of view of biological and industrial processes. The
results of this study will contribute to a deeper understanding of the mechanism of calcium oxalate
crystallization and expand the possibilities of practical applications in the fields of medicine,
biochemistry, and technology.

Materials and methods

The following materials are required to perform the experiments: Analytical grade CaC204-H20.
Standard buffer solutions (pH range 2—10). Distilled water, 0.01 M HCl and 0.01 M NaOH solutions,
Ion-selective electrode or atomic absorption spectrometer.

Methods used: Buffer solutions with different pH values (2, 4, 6, 7, 8, 10) were prepared. An
excess amount of CaC>04 was added to each solution and mixed for 24 hours at 25 °C. The solutions
were separated by vacuum filtration. The Ca*" concentration in the solution was determined using
atomic absorption spectroscopy or complexometry (EDTA method). Solubility values were calculated
based on the Ca?" concentration. Finally, a pH—solubility graph was constructed based on the results
obtained and a regression analysis was performed..

Results and discussion

The results of the study showed that as the pH of the medium decreases, the solubility of
calcium oxalate increases. This is explained by the decrease in the concentration of C204*" as a result
of the protonation of the oxalate ion in an acidic medium. The equilibrium shifts to the right according
to Le Chatel's principle and the salt dissolves more.

Table 1. Dependence of CaC204 solubility on pH (25 °C)

pH [Ca?'], mol/L x107° Solubility (S), mol/L x1073
2 8.5 8.5
4 6.2 6.2
6 4.8 4.8
7 4.2 4.2
8 3.5 3.5
10 2.1 2.1

The graph drawn based on the results shows that the decrease in solubility with increasing pH is
exponential. In alkaline environments, the concentration of Ca?" and C.04>" ions increases, and the
precipitation process increases.

Effect of pH and Protonation
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The solubility equilibrium of calcium oxalate is described by:
CaC:0s (s)=Ca?*" (aq)+C204* (aq)
In acidic media, oxalate ions undergo stepwise protonation:
C.04* + H* & HC:O4~ HC204 + H" & H2C204

Consequently, the free C204* concentration decreases. According to Le Chatelier’s principle,
the solid phase dissolves further to re-establish equilibrium, leading to an increase in overall solubility.

Mathematically, the solubility can be expressed as:

— \/ Ksp
a2(pH)

where a2 is the fraction of total oxalate present as C.04>". As pH decreases, o decreases,
resulting in higher solubility. Conversely, in basic media, a2 increases and solubility decreases.

Supersaturation and Precipitation in Basic Media: In alkaline solutions, the dominant oxalate
species is C2042". The ion product (IP) is:

[P=[Ca*][C,04 1
When IP > Ksp, the solution is supersaturated and precipitation occurs. At pH 8-10, o
approaches. leading to maximum C.0+*" concentration and enhanced crystal nucleation and growth.

Calcium Oxalate Solubility vs pH In(S) vs pH

—e— Experimental S —&— In(5)

Solubility 5 (x10-* mol/L)

2 3 4 5 6 7 8 9 10 2 3 4 5 6 7 8 9 10
pH pH

Figure 1. Solubility of Calcium Oxalate (CaC20a4) as a function of pH at 25 °C (S vs pH).

Figure 2. Logarithmic plot of Calcium Oxalate solubility (In(S)) vs pH at 25 °C.

Solubility-pH Regression Model: The solubility data were fitted to an exponential model:

S:SO' efk.pH

where:

S = solubility (x10~° mol/L)

So = 10.12 (maximum solubility coefficient)

k =0.156 (decay constant)

The logarithmic form:

InS=In10.12-0.156-pH=2.314-0.156-pH

This model fits the experimental data with R? = 0.982, confirming excellent correlation. The
log(S) versus pH plot is approximately linear, consistent with thermodynamic predictions based on
oxalate protonation equilibria.

Medical significance: In the human body, urinary pH directly affects the crystallization process
of calcium oxalate. Although solubility slightly increases in an acidic environment, elevated oxalate
concentration due to metabolic factors leads to stone formation. Regulation of urinary pH plays an
important role in the prevention of kidney stones.

Industrial significance: In the chemical industry, the formation of calcium oxalate precipitates
can lead to the development of hard scale deposits in pipelines and heat exchange systems. This
process can be controlled by regulating the pH.

Conclusion

The solubility of calcium oxalate significantly depends on the pH value of the medium. In an
acidic environment, the solubility increases due to the protonation of the oxalate ion, whereas in an
alkaline environment, the solubility decreases and the likelihood of precipitate formation rises. The
obtained results serve as an important theoretical basis for modeling the crystallization process of
calcium oxalate. Furthermore, the research findings have practical significance in medicine
(pathogenesis and prevention of kidney stones) and in the chemical industry (control of precipitate
formation).
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