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ABSTRACT

Various crystals are found in human urine. Of those, the calcium oxalate is one of the principle components of
urinary stone. It is found in three different hydrate forms, Calcium oxalate monohydrate (COM), calcium oxalate
dihydrates (COD) and calcium oxalate trihydrates (COT).Calcium oxalate monohydrate (CaC,0,.H,0) is most
thermodynamically stable form of calcium oxalate and occupies the biggest proportion of all the urinary stones.The
growth of calcium oxalate monohydrate crystals is achieved in agar-agar gel by single diffusion and double
diffusion gel techniques. Result shows the white microcrystalline precipitation was formed in both techniques.The
grown crystal were characterized by optical microscopy, Fourier Transform Infrared Spectroscopy (FTIR), powder
X-ray diffraction (XRD) and thermogravimetric analysis (TGA). Morphology of COM crystals were reveled by
Optical microscopy, whereas functional groups were confirmed by FTIR analysis. Crystalline nature was confirmed
by XRD. In third stage of decomposition, sample was converted as a residue of calcium oxide after releasing of CO,
which confirmed the structure of COM.
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INTRODUCTION

Urinary disease is one of the oldest and commolictédhs of humans. All over the world, 12% of theorld

population was suffering from such urinary stonebfpem due to global warming, life style and dietagbits [1].
Not only humans, but animals and birds are alséegnfy from this urinary stone problem [2].The g stone
formation is a biological process that involvesstajlization and comprises by several urinary nafef3]. These
urinary stones were developed, when the mineraisdrurine clump together and grow instead of beiihged and
passed out of the body.

Mostly, calcium stones are the common urinary dalethich may be in the form of pure calcium oxalg50%) or
calcium phosphate (5%) or a mixture of both (45%4)Galcium oxalate has low solubility in water agrgstallizes

in three hydrates forms, calcium oxalate monohgdi@OM), calcium oxalate dihydrates (COD) and catti
oxalate trihydrates (COT) [5-7]. Among these, CORl &£OT are difficult to form urinary stone becatisey are
unstable and easy to eject from body along with tmime [8]. However, calcium oxalate monohydrate
(CaG0,4.H,0) is the most thermodynamically stable form otzah oxalate and occupies the biggest proportion of
all the urinary stones [9-11].

Gel method is the most versatile and simple tealniigpr growing urinary crystals [12].In this methal acts as
an ideal and viscous medium for the growth of trergstals [13-14]. Also the structure of the gehirols the whole
process of diffusion and growth rate.

Literature reports on the growth of calcium oxadate aqueous solution, diluted urine [15], unditlteine [16-17]
or either in artificial urines [18]. The growth oélcium oxalates crystals was observed in silideagd carried out
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the surface topographical studies and Knoop micaitess studies [19-20]. Also, the growing method vegported
in gelatin gel [21], but was not reported in agagar gel.

In the present work attempts have been made to @OM crystals in agar-agar gel at room temperatune
characterized by optical microscopy, Fourier transf infrared (FTIR) spectroscopy, powder X-ray wifition
(XRD) and thermogravimetric analysis (TGA).

MATERIALSAND METHODS

Experimental

The calcium oxalate monohydrate crystals were grémyrsingle and double diffusion techniques [22]hese
methods glass test tubes of size 15 cm in lengthla® cm in diameter and U-tube of size 25 cm ngik and 2.5
cm in diameter were used as crystallization vesgajar gel (Himedia) solution was prepared by mix{i.0- 2.0
gm) of agar powder in 100 ml double distilled wademboiling temperature. Oxalic acid (Merck) of centration
(0.25-1.0M) and calcium chloride (Qualigens) of centration (0.25-1.0M) were used as reactants.

In single diffusion techniques, the agar soluticaswnixed with the desired concentration and apatgpvolume of
calcium chloride. After setting the gel, an aquesaisition of oxalic acid was slowly poured overihmediately, a
white microcrystalline precipitation was observed the gel column. Within a few days, the length tbis

precipitation was found to be increased.

The same method was repeated by reversing thearggcifter pouring supernatant solution, prectmtain the
gel column was delayed by few hours.

In double diffusion techniques, gel solution wasingal in U tube up to appropriate height. Afteriagtthe gel, an
aqueous solution of oxalic acid was poured in amb,| while an aqueous solution of calcium chlondgs poured
in other limb. When both the solutions diffusedtie gel, a week later white microcrystalline pp&aition layer
was observed in one limb. The length of precigitativas increased with time. After two month, theduct was
washed three times by double distilled water ardrésidue was characterized by optical microscBpé&R, TGA

and XRD.

RESULTSAND DISCUSSION

Like silica gel and gelatin gel, agar-agar gel jmted a favorable growth supporting medium on whiud slowly
diffusing calcium and oxalate ions nucleated. Thghe present work, when the upper reactan€¢B,) was in
contact with the agar-agar gel, precharged witheloreactant (Cag), a thin white microcrystalline precipitation
was immediately formed. This may be due to the tlaat large numbers of calcium ions {Qavere gathered near
the interstitial of the gel during the period oftsey by diffusion of ions.When the supernatanp@ired, oxalate
ions (GO,%) present in it get to react with calcium ions,aaesult spurious nucleation are formed, whichuimg
into a precipitation band [23].With the passagéog, this precipitate was proceeds to diffusehim gel column as
shown inFigure 1(a). After few days, in a small transparent zonedétthe bottom very tiny crystals were observed
as shown irFigure 1(b). About 30 days of pouring of the upper reactdrd, irecipitate had reached almost to the
end of gel column at the bottom of quite transpiaren

The experiment was carried out by changing thetiposof reactants, no white microcrystalline prétzpon was
observed in gel, however the precipitation wasylebyone hour of diffusion.This may be due to fhet, the rate
of diffusion of C&" ions in agar gel is less than thgOZ%ions. Figure 1(c) shows no precipitation was observed in
gel column by changing the position of reactants.

In double diffusion, initially the microcrystallingrecipitation layer observed in chloride side, Wwats not found in
the middle of U tube.This may be due to the changate of diffusion of C& and GO,“ions and difference in
molar masses of precipitating ions.The molar mdss&' ions is less than the,0,* ions, so C# ions diffuse
more slowly than g0,“ions from the microporus capillaries formed in agagar gel. The length of precipitation
was further increased towards the center of U aighghown irFigure 2. After washing precipitation, a quite shiny
microcrystalline residue was observed as seéigare 3.
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Figure 1: Growth of COM crystal in single diffusion.

Figure 2: Growth of COM crystal in double diffusion.

Figure 3: Microcrystalline Calcium Oxalate Monohydrate crystals.

Optical Microscopy

The microcrystalline morphology of the grown crystwas studied using a “LABOME, Ix300” microscopé&hw
magnification of 4x, 10x and 40x using a camerap@ee. Pictures were recorded by the software progre
Future winjoe ImagesFigure 4 shows the different morphology of the COM crystalhese images were
interpreted by matching with typical morphologi@4]. These includes monoclinic prismatic, six sigéaty habit,
agglomerates and dendrites of COM crystals.
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Figure 4: Morphology of COM crystalsgrown in agar-agar gel. (a) Prismatic (b) monoclinic prismatic (c) tetragonal and six sided platy
habit (d) agglomer ates (€) dendrites.

FTIR analysis

Figure 5 shows the recorded FTIR spectra of COM crystaks Jectrum shows various frequencies of vibrational
modes. The observed absorption frequencies wereau with the reported data [7,10, 25-27].
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Figure5: FTIR spectra of COM crystals.

Tablel.Assignment of FTIR wave numbers of COM crystals.

wave number in cm Assignment of peaks/ bands
3423.76 Asym. OH stretch
3057.27 Sym. OH stretch
3244.38 Inter mole. Hydrogen bonded OH stretch
1618.33 Asym. C=0 stretch
1315.50 Sym. C=0 stretch
1020.00 Asym. C-O stretch
949.01 Sym. C-O stretch
883.43 C-C stretch
777.34 O-C=0
663.53 OH wagging
509.22 M-O

In the spectrum a strong band at 3423.76 andl 3057.27 cthare due to asymmetric and symmetric OH stretching,
while a band at 3244.38¢mshows intermolecular hydrogen bonded OH stretch[B8gnse absorption band at
1618.33 crit and 1315.50 cifcan be assigned to asymmetric and symmetric C=#chking bands specific to the
COM][29]. The sharp band at 883.43 tim due to C-C stretching vibrations which confitme existence of oxalate
group in COM. The sharp peak at 777.34'are due to O-C=0 and the widebands at 663.5%ambe assigned
to the bending and wagging modes of the water mitdedHowever, the peak at 509.22 tis assigned to the
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presence of metal oxygen bond [25-26]. Thus theRFSfectroscopy confirmed the growth of COM cryséaiks due
to the presence of water of crystallization, C=GC30-C=0 and M-O bonds. The observed vibratiorejdencies
and their tentative assignments are liste@iable 1.

Powder X-ray diffraction (XRD)

The X-ray diffractogram of gel grown COM crystadsseen irFigure 6. This diffractogram was processed using in
built PANalyticalX'pert High Score software to exama the peak positions and its corresponding iitien$he
grown crystals were identified as COM by XRD andnpared with that of the powder diffraction JCPDIS {BO-
31]. All intensity peaks of the XRD patterns weratahned with the structural data of the COM desdilethe
standardsTable 2 gives the position, d-values and matching peakh@fCOM crystalsFigure 7 shows plot of
identified phases of COM crystals.The occurrenceesblved peaks at specific angles indicates teatrtaterial is a
well crystalline nature.
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Figure 6: Powder X-ray diffraction pattern of COM crystals.

Table2: X-ray diffraction analysisof COM crystals.

Pos. [°2Th.] Height [cts] FWHM [°2Th.] d-spacing]]A Rel. Int. [%] Tip width [°2Th.] Matched by
24.3670 319.29 0.2952 3.65298 95.15 0.3542 00-603;000-014-0789
30.1072 335.56 0.1968 2.96831 100.00 0.2362 000803- 00-014-0789
35.9757 137.06 0.2952 2.49644 40.85 0.3542 00-803;000-014-0789
38.2547 152.59 0.2952 2.35279 45.47 0.3542 00-®03;000-014-0789
39.8972 65.31 0.2952 2.25964 19.46 0.3542 00-003-0@0-014-0789
43.5989 107.02 0.2952 2.07599 31.89 0.3542 00-803;000-014-0789
48.1206 24.84 0.3936 1.89095 7.40 0.4723 00-014-078
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Figure 7: Plot of identified phases of COM crystals.
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Thermogravimetry
To study the thermal transformations of the COMstajs, the sample was heated at the temperatus®a-
Figure 8 shows the thermogram of a sample gaH,0.
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Figure8: TGA curve of COM crystals.

The curve shows that the calcium oxalate monohgdriatse its weight in three well-defined steps [J2ie loss of
water crystallization in first step, carbon monaxith second step, while carbon dioxide in thirdo s, 33-36].
These steps are;

CaGO,H,0-CaG0O,-CaCQg-Cal

Stage I: Ca@D,.H,0(s) -~ CaGO4(s) + HO (g)
Stage Il: Cag0, (s) — CaCQ (s) + CO (g)
Stage Ill: CaC@(s) - CaO (s) + CQ(q)

In the study of thermal transformations of the COMstals, several intervals were considered, clariaing the
mass losses [37]. As seenfigure 8, the curve from ambient temperature (abofijao A (about 108C) is due
to humidity; whereas the peak from A to B (aboud’®) is attributable to the loss of water crystaliiaa, started
from 110C and end at 26@, corresponding to dehydration of sample in fitsige. The peak from B (2U) to C
(about 406C) is due to oxidation of organic compounds preserthe sample. However starting from C (30D
and finished at point D (about 5W@) is the decomposition of the calcium oxalate.this step, some carbon
monoxide is evolved from calcium oxalate to fornwgistalline calcium carbonate. Finally in last stépe peak
from D (about 508C) to G (about 8(fT), is the decomposition of calcium carbonate icédcium oxide with
releasing of carbon dioxide. Further decompositibthe sample was not observed up to°840

The observed and theoretical mass loss of COMalsystas given i able 3.

Table 3: Massloss percentages of COM crystals.

. . A-B C-D D-G

Mass loss in the interval Bounded HO/ co/ co
Observed 13.75% 20.08% 31.04%
Theoretical 12.33% 19.17% 30.12%%

The result shows the good agreements to the thearealue [37]. Whereas a very small differenceliserved and
theoretical values was may be due to that, theitguaf thermogravimetric measurement of calcium lat&a
monohydrate is affected by the three common expariai variables, heating rate, shape of sampleagwert and
size of sample [38]. Also the variation in observednperature may be attributed to the way in whicé

experiment was undertaken [39].Thus, the three-defihed decomposition stages [40] and observed nusses
from TGA confirmed the existence of COM crystals.
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CONCLUSION

» Gel growth techniques are suitable for to growirigary crystals.

* The dendrite, prismatic, agglomerates, tetragandl six sided platy habit microcrystalline COM ¢ays were
found to be grown in agar-agar gel by single anabtiodiffusion techniques.

* FTIR spectrums of COM crystals confirmed the presesf functional groups.

» The crystalline nature was identified by XRD measoent.

» The three oxalate decomposition stages- the detigdrésplitting water), decarbonylation (splittirgarbon
monoxide) and decarbonation (splitting carbon diekiwas found in TG analysis.

e The stepwise decomposition of sample confirmedstheture mechanism of COM crystals.
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