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Urinary stone related diseases is an acute and common problem across the world. However, causes of its formation/recur-
rence and possible treatment to prevent its formation are yet to be fully understood. Therefore, analysis of the mineralogical
constituents of the urinary stones and its correlation with patient’s food habit, metabolic disorder  and other regional factors
is important. With advancement in instrument based analytical techniques, precise analysis of the stone constituents is achiev-
able. For this purpose, ten urinary stones were collected from local patients (Gujarat, the western part of India) through phy-
sician/hospital sources and were analyzed using powder-XRD, FT-IR, FE-SEM, HR-TEM and EDX analysis. Major constitu-
ents found are whewellite and weddellite (calcium oxalate monohydrate and dihydrate) and a minor constituent found is cal-
cite.  EDX analysis has quantified the amount of metal ion, carbon and oxygen present in the constituents. PXRD data were
used for phase identification and quantification with the aid of JCPDS No., it has also provided crystallite size and strain.
PXRD data has also used for identification of crystal system and to calculate unit cell parameters. Structural characterization
of two of the COM samples were carried out and Rietveld refinement has been done using PXRD data. SEM and TEM im-
ages have provided morphological characterization of the stones. All of these results are presented herein.
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Introduction
Urolithiasis is considered as a serious medical problem

worldwide because of its adverse effect on human health,
which is increasing day by day1. A large number of popula-
tion has been suffering from urolithiasis and many of these
patients may lose kidney or may result renal damage2. De-
spite life threatening disease with high recurrence rate, it
has not been studied extensively and to deal with this, it is
important to understand its constituents, its mechanism of
formation and how its constituents change with other factors
such as food habit and environment. Some progress has
been made in this direction, as may be seen the report on
mechanistic aspects of its formation3 and studies related to
various factors such as medicinal4, regional specificities1,5,
therapeutic6, etc., which influence its formation. To under-
stand mechanism of formation and its prevention, it is impor-
tant to know the bio-mineral constituents of the urinary stones

and some work on it have also been reported7–9. However,
mechanism of stone formation process in vivo and in vitro is
not yet fully understood and not any treatment is available to
prevent the occurrence of the urinary stone disease in hu-
man beings.

The analysis of kidney stones so far revealed that cal-
cium oxalate with variable number of water molecule of crys-
tallization is the main constituents of the urinary stones, it
exists in three forms i.e. whewellite, weddellite and caoxite,
which are calcium oxalate with one, two and three water
molecules, respectively. Calcium oxalate monohydrate (COM)
and calcium oxalate dihydrate (COD) are found as the most
common constituents of kidney stones10. Presence of cal-
cium oxalate trihydrate (CaOx) has also been reported and
the factors such as hypercalciuria, hyperoxaluria, crystal pro-
moters and inhibitors, low urine volume etc. apparently as-
sist CaOx crystallization11–14. Recently, one research group
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has reported that amorphous calcium phosphate plays an
important role in the nucleation of CaOx stone by promoting
the aggregation of amorphous CaOx precursors at early in-
duction times15. It has also been reported that calcium car-
bonate crystals promote crystallization of calcium oxalate16.
Therefore, inhibition of calcium carbonate crystal formation
in Henle’s loop might play an important role in the prevention
of calcium oxalate stone formation16. Therefore, detail analy-
sis of the constituents of urinary stones of different category/
sources with different history/background of the patients is
essential. Large number of data with variety of samples will
contribute towards better understanding of mechanism and
prevention of its formation.

For absolute characterization of a pure phase from pow-
der-XRD data, Rietveld refinement method is an important
technique for structure determination and refinement and also
for quantification of mixed phase constituents17,18. However,
studies related to the application of Rietveld refinement for a
monophasic urinary stone constituent is not many19, though
this method is one of the most suitable one for structure re-
finement of the polycrystalline monophasic constituent phase
of urinary stone.

In the present study, urinary stones from ten local pa-
tients (Gujarat state, western India) have been analyzed us-
ing powder-XRD. Quantification of the constituents was car-
ried out using the Rietveld refinement technique. Crystallite
size, lattice strain and crystallinity analysis were carried out
using High score plus software. Structure refinement of pure
COM phase was performed for two selected urinary stones
using the Rietveld refinement method. FT-IR analysis was
carried out to identify the constituents and also as support-
ive evidence to PXRD findings. EDX analysis was carried
out to confirm the metal and other elements present in the
stones and also for their quantification. FE-SEM and HR-
TEM images were recorded to examine the morphology and
topography of the urinary stones.

Experimental
Sample preparation:
Urinary stones used in the present study were collected

from the local (Gujarat, India) patients suffering from kidney
stone disease. The stones were removed from the patients
surgically by the medical surgeons and a few cases it was
removed naturally.  The collected urinary stones were cleaned

with water and were dried at room temperature for two weeks.
For analysis, the samples were properly grounded using a
pestle and mortar and tried to make uniform grain size.

Instrumental measurement:
IR spectra were recorded on a Perkin-Elmer instrument,

model spectrum GX FT-spectrometer using KBr pellets. Pow-
der-XRD measurements were performed on PANalytical
Empyrean series 2 Powder X-ray diffractometer, model no.
DY1251 (PIXcel 3D detector) using Ni-filter, Cu-K mono-
chromatic radiation ( = 1.54 Å) at ambient temperature (298
K). SEM images were recorded on a JSM-7100F Field Emis-
sion Scanning Electron Microscope (FE-SEM) with 15 kV
LED operation voltage. To make the sample conductive, it
was coated with 15 nm thickness of gold using a sputter
coater and then the images were recorded. Elemental analy-
sis was carried out using Energy Dispersive X-ray (EDX)
system from Oxford Instruments, model: X-maxN, coupled
with FE-SEM. TEM images were recorded on a Joel made
JEM-2100 (model) instrument. Samples for TEM analysis
was prepared by dispersing the samples on the C-coated
Cu grid, followed by drying it at the ambient temperature and
finally used it for recording images.

Structure determination from PXRD data:
For structure determination, good quality and accurate

PXRD data were collected and then search-match analysis
was performed for the samples for structure determination.
For this purpose, standard calcium oxalate monohydrate
(COM) sample was obtained from Fluka Sigma-Aldrich
Chemie Company. The powder-XRD data were recorded for
each of the calculus in the diffraction angle range of 10º– 80º
2 with 0.0131º (2) step size and counting time of 298.095
s at the voltage of 40 kV and 30 mA. The search-match analy-
sis was carried out for each of the obtained diffraction pat-
tern of stones using ICDD (International Centre for Diffrac-
tion Data) and JCPDS (Joint Committee on Powder Diffrac-
tion Standards) database in High score plus software and
constituent of each of the urinary stone was determined.
Constituent matched phase for both the stones for structure
determination was COM having JCPDS number 98-024-6802.
This phase was used as an input for Rietveld refinement for
the urinary stones. The profile function used for describing
the peak shape was a Pseudo-Voigt type and the background
was modeled as a polynomial or available background. Struc-
ture fitting mode of the Rietveld refinement has been em-
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ployed for further analysis. The Rietveld method uses the
least squares approach to refine a theoretical line profile using
the assumed phase until it matches the measured profile.
Profile variables (U, V, W, peak shape 1 and 2), global vari-
ables (background coefficient, zero shifts), structural param-
eters (cell, atomic co-ordinates), preferred orientations and
scale factor were refined and reasonable estimates were
obtained for the same. Refinement was carried out for the
urinary stones and also for standard COM (STD-COM) and
the best fit between calculated and observed patterns was
obtained for each of the refinement. The best fit was assessed
by the parameter goodness of fit (GOF). The value of this
parameter should be less than or equal to five. GOF is ex-
pressed in terms of other reliability index parameters (Rp,
Rwp and Rexp) which are used as indicators for the evalua-
tion of refinement20.

RwpGOF = ——— (1)
Rexp

where, Rwp is weighted R profile and expressed as follows.
Rwp uses a weighting function to place more emphasis on a
good fit between high intensity data points (such as intense
peaks) and less emphasis on low intensity data points (such
as the background). In a good fit, Rwp should be less than
10.
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R expected (Rexp) is a statistical evaluation of the noise of
the data. Smaller the value of Rexp indicates the better qual-
ity data.
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where, N is the experimental observations and P is the num-
ber of parameters to be fitted. R profile (Rp) is the residual
difference between observed and calculated plots.
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Rp = —————————— (4)
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Above mentioned parameters is a valuable index to estimate
the quality of refinement. After getting a good fit, Fourier map

analysis was employed and electron density maps along with
the refined structure have been obtained for urinary stones.
Atomic distances and atomic angles are calculated for COM
constituent of both the urinary stones and for standard COM
sample. A combination of Rietveld and Fourier map analysis
is proved to be an appropriate tool to refine the structure of
the polycrystalline constituent of urinary stones.

Quantification of urinary stone constituents:
A few reports are found in the literature for the quantifica-

tion of the crystalline components of urinary stones using
Rietveld refinement technique21,22. Quantification of the
mixed phase constituents present in the urinary calculi can
be done using the Rietveld method. Quantification of eight
urinary stones and a standard COM sample has been per-
formed using Rietveld refinement. Refinement was done in
automatic and/or semi-automatic mode using High score plus
software. For automatic mode, the background is specified
using a suitable polynomial function. However, for semi-au-
tomatic mode available background is used. In order to ac-
quire the best fit with experimental powder pattern, during
the refinement for each of the sample structural, micro-struc-
tural parameters are refined for simulated powder pattern of
each of the matched constituent phase/phases of respective
stone. Micro-structural parameters namely crystallite size and
lattice strain have been evaluated using X-ray Debye-
Scherrer equation22 employed in High score plus software.
The formula of the Debye-Scherrer is as follows:

K
L = ————— (5)

Bm cos 

where, L = average crystallite size, Bm = FWHM of maxi-
mum intensity peak,  = wavelength of X-ray radiation and K
= constant related to the crystallite shape and is approxi-
mately equal to unity. The best fit is assessed by GOF pa-
rameter which (should be less than or equal to five) is gener-
ated by refinement procedure. Unit cell parameters and reli-
ability index parameters (Rexp, Rp, Rwp and GOF) for speci-
fied samples and for STD-COM were calculated.

Results and discussion
The procedure for collection of samples was described

in the Experimental Section. Samples’ code, age of the pa-
tient, gender, food habit, stone removal procedure (surgi-
cally/naturally removed) are summarized in Table 1.
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Powder X-ray diffraction study:
Powder X-ray diffractograms of urinary stones, recorded

following the methods described in the Experimental Sec-
tion, are shown in the Figs. 1 and 2. Fig. 1 shows the
diffractograms of six samples, KS-1, KS-2, KS-4, KS-7, KS-
8 and KS-9, which contain pure phase of calcium oxalate
monohydrate (COM). Fig. 2 displays the diffractograms of
five samples, KS-1, KS-3, KS-5, KS-6 and KS-11, containing
constituent phases of pure COM, pure COD and mixture of
COM and calcite. Identification of the constituents has been
made on the basis of JCPDS Number. Quantification of the

constituents has been made on the basis of Rietveld refine-
ment, as shown in the Fig. 3a and 3b. Fig. 3a (KS-7) shows
the presence of monophasic constituent, 100% COM and
Fig. 3b (KS-3) shows the presence of mixed phase constitu-
ents, 83.0% calcite and 17.0% COM phase. The constitu-
ents of the urinary stones were determined on the basis of
the search-match analysis, which revealed that out of ten
stones analyzed, six (KS-1, KS-2, KS-4, KS-7, KS-8 and KS-
9) were found to have calcium oxalate monohydrate as a
pure phase constituent, one (KS-6) stone was found to have
calcium oxalate dihydrate (COD) as single constituent and
remaining three stones (KS-3, KS-5 and KS-11) were found
to have mixed phase constituents. KS-3 was having COM
phase admixed with calcite whereas KS-5 and KS-11 were
found to have COM and COD, calcium oxalate with varied
hydration state. Details of the findings with sample code,
JCPDS reference number, mineral(s) name, chemical for-
mula, quantification of matched phase, crystallite size (nm)
and lattice strain (%) are presented in Table 2.

This crystallite size range matches well with the reported
crystallite size for stone constituents in the literature20. The
crystallite size is intrinsically associated to the growth condi-
tions of the crystalline phases. Therefore, it may be one of
the factors which can be correlated to the chemistry of growth

Table 1. Sample code and some other relevant information of the
patients

Sample Age Gender Food habits Stone removal
code procedure
KS-1 24 Female Vegetarian Surgically
KS-2 24 Female Vegetarian Surgically
KS-3 60 Male Vegetarian Surgically
KS-4 56 Female Vegetarian Surgically
KS-5 45 Male Vegetarian Surgically
KS-6 47 Male Vegetarian Surgically (Laser)
KS-7 50 Male Vegetarian Naturally removed
KS-8 58 Female Vegetarian surgically
KS-9 27 Female Vegetarian Surgically
KS-11 40 Male Vegetarian Surgically

Fig. 1. Diffractograms of six samples containing pure phase of cal-
cium oxalate monohydrate (‘1’ denotes peak for COM).

Fig. 2. Diffractograms of five urinary stone samples containing pure
as well as mixed phases (‘1’, ‘2’ and ‘3’ denote peaks for COM,
calcite and COD, respectively).
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Table 2. Findings from PXRD technique for human urinary stone samples
Sample JCPDS No. Matched Chemical formula Quantification Crystallite Lattice
code phases of matched phase (%) size (nm) strain
KS-1 98-024-6802 Whewellite CaC2O4.H2O 100 52.8 0.399
KS-2 98-024-6802 Whewellite CaC2O4.H2O 100 53.4 0.641
KS-3 01-085-1108 Calcite CaCO3 83.0 62.7 0.288

04-009-6324 Whewellite CaC2O4.H2O 17.0 42.0 0.782
KS-4 98-003-0782 Whewellite CaC2O4.H2O 100 52.7 0.650
KS-5 98-003-0782 Whewellite CaC2O4.H2O – 178.9 0.132

04-011-6807 Weddellite CaC2O4.2H2O 75.6 0.183
KS-6 01-083-5347 Weddellite CaC2O4.2.26H2O 100 145.9 0.114
KS-7 98-003-0782 Whewellite CaC2O4.H2O 100 51.0 0.668
KS-8 04-009-6324 Whewellite CaC2O4.H2O 100 37.3 0.869
KS-9 98-015-3499 Whewellite CaC2O4.H2O 100 53.1 0.643
KS-11 98-024-6802 Whewellite CaC2O4.H2O 94.5 96.5 0.410

01-083-5336 Weddellite CaC2O4.2.20.H2O 5.5 90.0 0.161

Fig. 3. Quantification of the urinary stone constituents of KS-7 having pure COM and KS-3 having mixed phases, respectively.

medium and thermodynamics, both of which is defined by
the metabolism of a patient23. Crystallite size depends on
the medium in which crystallization occurs, degree of crys-
tallization and other kinetics factors such as nucleation,
growth etc.24. Crystallite size and strain variation may be
attributed to the presence of various urinary solutes in form
of promoters, inhibitors etc. affecting the crystallization pro-
cess of urinary stone. As crystallite size increases the lattice
strain decreases. As may be seen from Table 2 that in
monophasic COM constituent crystallite size variation is be-

tween 178.9 to 37.3 nm. Crystallite sizes of the calcium ox-
alate dihydrate constituent of the stones vary from 145.9 nm
to 75.6 nm. This shows the uniqueness of the medium, its
thermodynamic and kinetic conditions provided by the indi-
vidual patient. X-Ray diffraction is a simpler and easier ap-
proach for the determination of precise particle size and lat-
tice strain in microcrystalline samples. Crystal systems, cell
parameters and Rietveld refinement parameters of stone
constituents are presented in Table 3. All of the COM phase
constituent has a monoclinic crystal system with different unit
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cell parameters. It may be seen from the table that cell vol-
ume parameters of COM unit cell are of two types; one type
(KS-1, KS-2, KS-3, KS-8, KS-11 and KS-COM) has average
unit cell volume 438.31 (106 pm3), which is roughly half of
the other type, average 875.58 106 pm3 (KS-4, KS-7 and
KS-9). This indicates twinned crystal formation in the sec-
ond type, which are consist of two or more crystals of the
same (or isomorphs) type joined together at a definite mu-
tual orientation13. According to a study reported by Petrova
et al., COM crystals grow in twin, spherulite, splices and den-
drite forms depending on the medium (crystal forming ions

in distilled water, in urine, in gel containing medium or in
presence of magnesium, iron and aluminum), in which crys-
tals are formed24.

Structure determination:
Out of seven urinary stones containing pure COM, struc-

ture refinement was carried out for two selected urinary stones
i.e. KS-1 and KS-2. The observed, calculated and difference
plot of the diffraction patterns of these two urinary stones are
shown in Fig. 4 and the structure (001 plane) of KS-1 and
KS-2 urinary stones are given in Fig. 5. As seen from the

Table 3. Crystal system, cell parameters and Rietveld refinement parameters of stone constituents and a standard sample (COM)
Unit cell parameters Reliability index parameters

Sample Crystal a b c  Vol. Rexp Rp Rwp GOF
code system (Å) (Å) (Å) (°) (106 pm3) (%) (%) (%)
KS-1 Monoclinic 10.11 7.26 6.29 109.44 438.14 3.43 6.44 8.93 6.76
KS-2 Monoclinic 10.12 7.30 6.29 109.45 438.60 5.75 7.43 9.59 2.78
KS-3 Monoclinic 10.12 7.30 6.30 109.50 439.51 7.66 14.7 19.94 6.76
KS-4 Monoclinic 6.27 14.56 10.11 109.47 871.80 3.25 8.55 12.86 3.95
KS-7 Monoclinic 6.28 14.58 10.11 109.48 875.06 5.38 7.79 10.10 1.87
KS-8 Monoclinic 10.11 7.29 6.29 109.42 437.81 1.60 5.45 7.31 4.57
KS-9 Monoclinic 6.29 14.58 10.11 109.46 879.90 2.80 6.13 7.97 2.83
KS-11 Monoclinic 10.11 7.29 6.29 109.46 438.00 3.02 7.45 11.0 3.64
COM-STD Monoclinic 10.11 7.29 6.29 109.42 437.81 7.05 8.99 11.59 2.69

Fig. 4. Final Rietveld refinement result: observed (solid lines), calculated (dotted lines) and difference plot of the profiles.

(a) (b)
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figures, calcium atoms are coordinated to the oxygen atoms
in the asymmetric unit of COM in KS-1 and KS-2 stones. The
Ca-O distance lies in the range 2.425 Å to 2.469 Å with the
Ca-Ca separation. Moreover, C-O distance observed in the
range of 1.22 Å to 1.25 Å. Each Ca atom coordinated to one
water molecule. The bond angles of O-Ca-O and O-C-O lie

Fig. 5. Structure of COM (green, Ca; red, oxygen and grey, carbon);
projected down 001 plane; of two calculi namely (a) KS-1 and
(b) KS-2.

in the range of 65.13º to 76.44º and 125.9º to 127.23º, re-
spectively. The obtained bond angles and bond distances
values are in good agreement with the reported values in the
literature13,25. Interatomic distances and bond angle param-
eters for STD-COM, KS-1 and KS-2 are given in the Table 4.
Structure of KS-1 and KS-2 are having their uniqueness re-
flected in their coordination geometry, coordination param-
eters and angular parameters. This uniqueness depends on,
site at which the stone is formed, the variation in ionic strength
of constituent phases, varied concentration of presence of
stone inhibitors and promoters etc.

Table 4. The bond distances and bond angles of two kidney stones
structures using Rietveld analysis

Sr. no. Distance COM-std. KS-1 KS-2
1. Ca-O1 2.435 2.436 2.437
2. Ca-O2 2.425 2.426 2.427
3. Ca-O3 2.468 2.430 2.469
4. Ca-O4 2.432 2.433 2.454
5. C1-O4 1.253 1.253 1.253
6. C2-O2 1.248 1.248 1.248
7. C2-O3 1.229 1.230 1.230
Sr. no. Angles COM-std. (Å) KS-1 (Å) KS-2 (Å)
1. O4-Ca1-O4 75.33 66.49 66.49
2. O4-Ca1-O1 74.92 74.93 74.93
3. O2-Ca1-O3 65.13 65.11 76.44
4. O4-C1-O4 125.99 125.97 125.96
5. O3-C1-O2 127.21 127.23 127.22

FT-IR study:
IR spectra of the five stone samples were recorded for

characterization of the samples and to complement the find-
ings from powder-X-ray study. These spectra are shown in
Fig. 6 (KS-1, KS-2, KS-4, KS-7, KS-8) and they exhibited the
characteristic bands for COM phase. The strong IR bands at
1620 cm–1 and 1317 cm–1 correspond to asymmetric and
symmetric COO– stretching vibrations of the coordinated ox-
alate group. The three weak bands in the fingerprint region
at 781, 658 and 517 cm–1 are assigned to in-plane O-C=O
bending, out-of-plane O-H deformation and CO2 wagging
mode. The broad band in the region 3000 to 3700 cm–1 is
due to the symmetric and asymmetric O-H stretching modes
of the water molecule, which confirms the presence of water
molecule(s) as a solvent of crystallization in COM20. The band
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around 1384 cm–1 may be attributed to the C-C bond stretch-
ing vibrational mode26. In addition, all of these five samples
exhibited a strong band in the region 1600–1650 cm–1, which

is attributed to the amide moiety present in the urinary
stones27,28.

Scanning electron microscopic study (SEM):
SEM images of six samples were recorded following the

method described in the Experimental Section and are shown
in Fig. 7. Fig. 7a shows the stacking of rectangular COM
crystals having different orientations and smooth surface
morphology of KS-2. KS-3 however, shows randomly oriented
rod-like crystals (shown by white arrows) and smooth sur-
face (shown by yellow arrows) in the Fig. 7b. Stacking of
parallel thin layers of constituent crystallites (with white ar-
rows) is seen in Fig. 7c and Fig. 7f. This morphology of COM
is similar to that reported by the research group of
Mukherjee18,19. Presence of square pyramidal and cylindri-
cal COD crystals (shown by white arrows) and also leuko-
cytes (WBC) (shown by yellow arrows) is evident in the im-
age of KS-6, shown in Fig. 7d29,30. Fig. 7e shows the porous
morphology of the COD constituent of KS-6, which differs

Fig. 6. FT-IR spectra of the stones containing pure COM phase (KS-
1, KS-2, KS-4, KS-7 and KS-8).

Fig. 7. SEM images of kidney stones (a) KS-2, pure COM with smooth surface morphology, (b) KS-3, with rod-like (white arrow) as well as
smooth morphology (yellow arrow), (c) KS-5, with stacking of COM layers, (d) KS-6, square pyramidal or cylindrical COD crystals (shown
by white arrows) and leukocytes (WBC) (shown by yellow arrows), (e) KS-6 with COD constituent shows porous morphology and (f) KS-
7, pure COM with outer part showing parallel stacking of COM layers.
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from usual square pyramidal morphology reported for COD
crystals31.

EDX analysis:
Energy dispersive X-ray analysis (EDX) was performed

for most of the samples. EDX profile of four of the samples,
namely KS-2, KS-3, KS-6 and KS-8 are shown in the Fig. 8.
This analysis shows the presence of Ca, C and O as major
elements and it gives complimentary support to the PXRD
and FT-IR findings. Table 5 shows the weight % of the ele-
ments present in the urinary stones. Presence of varied
amount of carbon and calcium content gives evidence of in-
terwoven organo-mineral morphology of respective urinary
stone.

Transmission electron microscopic study:
HR-TEM images of six samples were recorded following

the method described in the Experimental Section and the
images are shown in Fig. 9. Selected area electron diffrac-
tion (SAED) of some of the samples were also recoded to
investigate the crystallites of the stone and are shown as
inset of the TEM images, the rings of which show polycrys-

talline and also amorphous nature of the stone. It may be
noted that the particles in all images are not of uniform size
and shape and its degree of aggregation also varies signifi-
cantly. In few samples, the lattice fringes of the high resolu-
tion images (KS-5 and KS-6), which are well-defined parallel
atomic planes of the crystallites, are clearly visible. Aggre-
gation of these crystallites may be because of their shape,
size and the environment/medium in which it has been
formed. It is easier for the particles of small size to aggre-
gate because of their high interface energy32. Rapid agglom-
eration of the urinary crystallites may also occur in the urine
environment.

Table 5. Weight % of Ca, O and C from EDX data
Sample code Weight % of Ca Weight % of O Weight % of C
KS-1 20.08 61.63 18.69
KS-2 21.75 58.20 20.05
KS-3 4.10 43.40 52.49
KS-4 30.62 50.35 19.03
KS-6 10.85 65.80 23.35
KS-7 14.09 62.44 23.47
KS-8 30.66 54.34 15.00

Fig. 8. EDX analysis of urinary stone samples (a) KS-2 calculi, (b) KS-3 calculi, (c) KS-6 calculi and (d) KS-8 calculi.
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The analysis of urinary stones revealed the chemical
composition of the mineral constituents and morphology.
Calcium oxalate monohydrate is the major phase constitu-
ent found in the urinary stones analyzed. Patients having
COM and/or COD containing urinary stones might be having
hypercalciuria, hyperoxaluria, hyperuricosuria and
hypocitraturia physiological conditions along with low urine
tendency33. These patients may have the presence of apa-
tite in their urine causing rapidness in COM nucleation phe-
nomena15. Nutritional or medicinal therapeutic strategy tak-
ing care of these physiological conditions may prevent re-
currence of urinary stone in the respective patient. It has
been reported that neutral pH promotes transformation of
amorphous calcium carbonate into calcite through a dissolu-
tion/reprecipitation mechanism34. Magnesium is considered
as a provider of increased stability to amorphous calcium
carbonate34. Therefore, the probable presence of amorphous
calcium carbonate and magnesium in urine might be there in
the patient having calcite as one of the urinary stone con-
stituents.

Twinned crystal growth observed may be attributed to
the presence of some impurities in the surrounding medium
causing unequal distributed stresses35. In addition to this,
the presence of unequal size of crystals and the presence of

unstable or metastable forms may also result into twinned
growth36. Twin and parallel growth occurs most frequently in
monoclinic or orthorhombic systems. Although layered growth
is the tendency of twinned crystal, it is interesting to note
that both types of crystals are having morphology in the form
of layered stacking. Porous morphology of COD indicates
the presence of amorphous apatite during nucleation of COD
crystals.

Conclusions
Mineralogical constituents of ten urinary stone samples

have been analyzed on the basis of PXRD, FT-IR, FE-SEM,
EDX and HR-TEM. PXRD analysis revealed that out of ten
stones analyzed, six are found to have calcium oxalate mono-
hydrate as a pure phase, one stone is found to have calcium
oxalate dihydrate as a pure phase and remaining three stones
contain mixed phase constituents. From PXRD data, crystal
system, unit cell parameters, reliability index parameters,
crystallite size and lattice strain are calculated. Structures of
two of the calcium oxalate monohydrate samples are deter-
mined and refined using the Rietveld refinement and satis-
factory data, comparing the standard sample, are obtained.
IR data are nicely complemented the chemical composition
of the constituents found from PXRD analysis. Morphology
of the stones are investigated with the aid of FESEM and the

Fig. 9. TEM images of KS-1, KS-3, KS-4, KS-5, KS-6 and KS-8. Selected area electron diffraction (SAED) of five samples are shown as inset.
For KS-5 and KS-6, high resolution lattice fringes are also shown.
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elemental analysis has been done using EDX, coupled with
FE-SEM. Crystallinity, particle size and shape, their arrange-
ment, degree of aggregation are investigated by FE-SEM
and HR-TEM, which are good techniques for morphological
characterization.
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