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CONCLUSIONS

The formation of calcium oxalate, as major constituents of kidney stones, in three different

precipitation systems under pathological conditions of hyperoxaluria have been extensively studied: (a)

a simple system (a system containing constituent ions), (b) NaCl system (a system consisted of

constituent ions and 0.3 mol dm−3 NaCl), and (c) artificial urine system (a system containing constituent

ions that are of the type and quantity mimicking real urine) at initial pH (pHi = 6.5) value, with and

without added vitamin C. The vitamin C has been chosen for its ability to inhibit or promote the

process of calcium oxalate precipitation, hence different amounts of vitamin C (in the mass range from

100 to 1000 mg) were added to the precipitation systems. Significant differences are mainly observed

in crystal morphology and the content of individual hydrate phases. Electrochemical measurements

have indicated the existence of electrostatic interactions between seed crystals and ascorbic acid, even

at low masses of added vitamin C.

INTRODUCTION
MATERIALS AND METHODS

SIMPLE SYSTEM
CaCl2 - Na2C2O4 - H2O

NaCl SYSTEM
CaCl2 - Na2C2O4 – NaCl - H2O

ARTIFICIAL URINE
CaCl2 - Na2C2O4 – artificial urine - H2O

SYSTEM COMPLEXITY

EXPERIMENTAL CONDITIONS
Θ = 37 ᵒC;
t = 20 min
pHi = 6.5

Components c / mmol dm-3

Na2SO4 16.95

KCl 63.70

NH4Cl 45.50

MgSO4·7H2O 3.85

NaCl 105.50

Urea 136.70

pHi 6.5

ARTIFICIAL URINE RECIPE

NaCl SYSTEM:
ci(NaCl) = 0.3 mol dm-3Stirring using magnetic bar

ANALYTICAL METHODS
- FT-IR spectroscopy
- Thermogravimetric analysis (TGA)
- Light microscopy
- Electroanalytical methods

SELECTED SYSTEM:
ci(C2O4

2-) = 4.0 mmol dm-3

ci(Ca2+) = 7.5 mmol dm-3

ci(Vitamin C) = 0 - 1000 mg

Three-electrode setup: glassy carbon (geometrical area 0.2
cm2) as a working electrode, Ag/AgCl (inner electrolyte
solution 3 mol dm-3 NaCl) as a reference electrode, and a
platinum wire as a counter electrode has been used for
electrochemical measurements. The experiments were
performed in inert atmosphere and in the 0.2 mol dm-3

phosphate buffer pH = 6.5 with 5 mg crystal seed

Fig. 2. FT-IR transmittance spectra of calcium oxalate samples obtained in the a) simple, b) NaCl and c) artificial urine systems: 
Ps1, Pn1 and Pu1 (m(vitamin C) = 0 mg) – reference systems and Ps5, Pn3 and Pu5 systems with the highest w(COT) in samples.

Fig. 1. Thermograms of calcium oxalate samples in the a) simple, b) NaCl and c) artificial urine systems: Ps1, Pn1 and Pu1 
(m(vitamin C) = 0 mg) – reference systems and Ps5, Pn3 and Pu5 system with the highest w(COT) in samples.

TGA was employed to quantitatively determine individual
phase fraction in the samples: theoretical weight losses for
crystalline water in pure COM is found to be 12.33 %, for
COD is 21.96 % and for COT is 29.67 %

NaCl System Artificial urine

Fig 4. and Fig 5. Electrochemical measurements have shown the presence of electrostatic interactions between seed crystals and ascorbic acid, since a new oxidation peak (A2)
appeared. Electrostatic interactions were visible in COM phase from Pn1 system even at lower masses of added vitamin C, since the oxidation peak (A2) appeared at lower potential
compared to oxidation potential of vitamin C (A1). At higher mass of added vitamin C, oxidation peak potential (A2) appeared at higher potential, compared to oxidation potential
of vitamin C (A1) (both in COM phase from Pn1 system and COD phase from Pu1 system) which could indicate formation of Ca(ascorbate)2 complex in the solution

Fig. 3. The presence of COT and COM hydrate phase obtained in the NaCl and
artificial urine systems influenced by the addition of different levels of vitamin C.
Simple system: COM precipitated exclusively.

SIMPLE SYSTEM NaCl SYSTEM ARTIFICIAL URINE
In all systems COM was only precipitated phase.

− A dominant precipitation of calcium oxalate
monohydrate (COM) was observed, with and without
the vitamin C addition

Formation of COM and COT mixture.

− Formation was strongly influenced by the addition of
the vitamin C in the mass range from 100 to 1000 mg.
The highest (w(COT) = 45.39 %) formed with the
addition of the vitamin C (m(vitamin C) = 500 mg).

− Reference system: precipitation of COM

Formation of COM and COT mixture.

− Formation was strongly influenced by the addition of the vitamin C
in the mass range from 100 to 1000 mg. The highest (w(COT) = 85.06
%) formed with the addition of the vitamin C (m(vitamin C) = 1000
mg).

− Reference system: precipitation of COD

Three precipitation systems were investigated at initial pH
(pHi = 6.5 ) and temperature of 37 °C

(a) Simple system (a system containing constituent ions)
(b) NaCl system (a system containing constituent ions and

0.3 mol dm-3 NaCl)
(c) Artificial urine system (a system containing constituent

ions and other components that are of the type and
quantity that comprise real urine)


