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Abstract: The main objective of this study was the application of vibrational spectroscopic techniques

(FT-IR and FT-Raman) to identify the chemical composition of the urinary stones, since they offer high

specific chemical information, rapid and reliable methods. Urinary stones are common throughout the

world. Identification of the chemical composition of the urinary stones provides a precise diagnosis of the

cause of lithogenesis and the consequence of appropriate therapeutic regimen and prophylaxis against

recurrences. Fifty urinary stones were extracted by different urological interventions for chemical

identification by using FT-IR and FT-Raman spectroscopic methods. According to the spectral results, the

stones were classified into six groups. The chemical composition of these groups and their statistical

existence were calcium oxalate monohydrate (whewellite) 40%, ammonium magnesium phosphate (struvite)

24%, uric acid 12%, mixture of calcium oxalate monohydrate with tricalcium phosphate (Whitlockite)

12%, mixture of tricalcium phosphate with calcium carbonate 8% and lastly cystine stones 4%. In

conclusion, Raman spectroscopy can be recommended as a new accurate and reliable tool for chemical

identification of urinary stones. However, the extensive spectroscopic study performed in this experimental

work can be extended and developed to build a Raman spectral library of all commonly occurring urinary

calculi as well as the already existing FT-IR library for urinary stones.
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INTRODUCTION

Urinary stones are common throughout the world.

Stone analysis is of great importance to the therapy

and metaphylaxis of residual and recurrent stones . [1]

The diagnostic usefulness of information regarding the

chemical composition of urinary stones has been

recognized since 1950s and has significantly improved

during last years. So it is now possible to correlate the

results of every analysis with the appropriate diagnosis

and therapeutic regimen . [2]

Analysis of urinary stones by infrared (IR)

spectroscopy and other techniques such as chemical

methods, x-ray diffraction, polarization microscopy and

thermo analytical procedures have been widely

investigated , while Raman spectroscopy for urinary [3]

stones identification still a virgin area of study. Raman

spectroscopy has been used to study the presence of

struvite in urine . [4]

Raman and IR spectroscopies are complementary

techniques; both measure the fundamental molecular

vibrations but the selection rules for activity are very

different. In IR spectroscopy, absorption of radiation is

related to changes in dipole moment of the molecule.

In Raman spectroscopy, a Raman shift is correlated

with the polarizability of the molecule. Thus, certain

vibrations have strong absorption in IR spectroscopy

and weak vibrations in Raman and vice versa. IR

spectroscopy is based on the interaction of the IR light

and the molecules in the spectral region from 4000 to

400 cm , offering advantages in measuring time and-1

information content but often requires significant

sample preparation . [5]

The use of IR spectroscopy increased from 8% in

1980 to 81% in 2005 . Raman spectroscopy combines[1]

highly specific chemical information with minimum

preparation and rapid analysis. It uses a strong

monochromatic light source such as laser, to move

molecules of the sample into an excited virtual state.

The molecules instanteously relax to the ground state,

emitting the incident radiation in a process referred to

scattering. Most of the radiation is elastically scattered

(the frequency of the emitted radiation is exactly at the

frequency of the incident laser light) and small

percentage is inelastically scattered, shifted away from

the excitation laser therapy. The degree of the shift
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from the excitation laser frequency, called Raman shift,

is related to the energy of the fundamental molecular

vibrations of the molecules in a sample .  [5-7]

However to examine the molecular vibrations to

the full, both IR and Raman spectroscopies should be

used together. This paper reports the full vibrational

spectra of the urinary stones using the vibrational

spectroscopic techniques FT-IR and FT-Raman as a

conventional reference method and a new promising

accurate method, respectively.

MATERIAL AND METHODS

Fifty urinary stones were obtained by variable

surgical interventions throughout the urinary tracts of

the patients. The stones were washed with distilled

water, air dried and pulverized into fine particles

(particle size range 90-125 µm). Each stone sample

was examined by Fourier Transform-Infrared (FT-IR)

and Fourier Transform-Raman spectroscopy techniques.

The samples were prepared in KBr pellets and a Jasco

FT/IR-430 spectrometer, operated at absorbance mode

and resolution 4 cm , was used for recording the-1

infrared absorption spectra. The FT-Raman spectra

were measured by a spectrometer Nexus 670 FT-IR-

FT-Raman, Nicolet, USA. The excitation source in the

FT-Raman module is Neodymium-Yttrium-Aluminum-

Garnet (Nd:YAG) laser, which emits continuous wave

laser energy at a wavelength of 1064 nm, with a

maximum power level of approximately 1.5W at the

sample. The installed air-cooled detector is In GaAs.

The beam splitter is XT-KBr. The used sample

configuration is 180º reflective with fully motorized

sample position adjustment, with an NMR-tube sample

holder. The stones powder samples were filled in the

NMR glass tubes, 5 mm internal diameter, and the

spectra were collected at resolution 8 cm  and 132-1

scans in the spectral range 3701-98cm .-1

RESULTS AND DISCUSSIONS

Results: Fifty common urinary stones were analyzed in

this study using vibrational spectroscopic techniques

(Raman and Infrared). The spectra were categorized

into six groups according to their spectral patterns. The

Raman and IR spectra of each group were presented

together in one figure for comparison purpose. Figures

(1-5) exhibited the spectra of the five groups in the

spectral regions 2000 -100 cm  and 2000-400 cm  of-1 -1

the Raman and IR spectra, respectively. Figure (6)

showed the complete spectral region starting from 4000

cm  because it has significant bands of the amino-1

groups in cystine stones.

Careful investigation of the IR spectra in figures

(1-6) revealed that they were consistent with those 

Fig. 1: FT-Raman and FT-IR Spectra of Calcium

Oxalate monohydrates stone.

Fig. 2: FT-Raman and FT-IR Spectra of Magnesium

ammonium phosphate stone.
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Fig. 3: FT-Raman and FT-IR Spectra of Uric Acid.

Fig. 4: FT-Raman and FT-IR Spectra of Calcium

oxalate/Calcium Phosphate mixed stone.

Fig. 5: FT-Raman and FT-IR Spectra of Carbonate-

apatite stone.

Fig. 6: FT-Raman and FT-IR Spectra of Cystine.
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reported in literature and could be attributed to the

following chemical compositions:

1. Calcium oxalate monohydrate (whewellite) 40%

(20 stones).

2. Magnesium ammonium phosphate (struvite) 24%,

(12 stones).

3. Uric acid 12% (6 stones).

4. Mixture of calcium oxalate monohydrate

(whewellite) and tricalcium phosphate (whitlockite)

12% (6 stones).

5. Carbonate containing calcium phosphate (carbonate

apatite, dahllite) 8% (4 stones).

6. Cystine 4% (2 stones).

The oxalates were characterized by two sharp

strong bands in the Raman spectrum at 1490 and 1464

cm  specific to C=O stretching vibration (Fig. 1).-1

There was also a specific oxalate monohydrate band at

207 cm  which was due to calcium-oxygen (Ca-o) ring-1

stretching or bending modes. The phosphates were

identified in the Raman spectrum of the magnesium

ammonium phosphates (Fig. 2) by the strongest

4vibrational mode peak for P-O bond of the (PO )-3

groups at 947 cm  and some additional peaks with-1

variable intensities at 565, 404, 299 and 186Cm . Uric-1

acid (Fig. 3) had specific identifiable peaks in IR

spectrum that occur at 710, 750, 780, 1590 and

1675cm .-1

In group (4) the stones were of mixed

composition. Beside the oxalates peaks, the calcium

phosphates of the mineral whitlockite (Fig. 4) were

identified by the strong Raman peak of P-O stretching

vibration mode at 964 cm  and two additional bands at-1

585 and 431 cm . The Raman and IR spectra of stones-1

in group (5) showed the main vibrational bands

characteristic of a carbonate apatite structure. The

spectra (Fig. 5) were dominated by a very strong band

at 964cm  and 1035 cm , respectively which assigned-1 -1

to the symmetrical stretching mode of the phosphate

group. The Raman spectra displayed other Raman

active phosphate vibrational peaks at 431 and 584 cm -1

which were due to O-P-O symmetric and asymmetric

bending mode, respectively. The carbonate vibrational

mode showed a peak at 1077 cm . The IR spectra-1

revealed the indicative bands of the carbonate at 1470,

1430, 870 and 760 cm . The Raman Spectra of cystine-1

stones (Fig. 6) were readily distinguished from the

other stones by a very strong band at 499 cm  of the-1

disulfide bridge S-S stretching modes. There were also

two strong bands at 2967 and 2916 cm  assigned to-1

2  CH groups. The IR spectra of cystine exhibited the

specific bands of the protein, C=O symmetric and

asymmetric stretching vibrations located at 1400 and

21620 cm , respectively. The NH  scissors band -1

appeared at 1584 cm  and C=O stretching vibrations at-1

1337 and 1297 cm .-1

Discussion: Knowledge of the composition of the

stones has helped to determine the underlying causes

of stone disease, in an attempt to prevent its

recurrence, and this had a direct impact on the choice

of treatment . Numerous standard chemical and [8]

physical techniques have been applied for the

determination of the urinary stone composition. New

frontiers have been used to determine stone

composition as high resolution helical computed

tomography (CT)  and microarea x-ray diffractometry [9]

and   liquid   chromatography-mass   spectrometry

(LC-MS) . During the last three decades, the use of[10]

IR spectroscopy is increasing . The application of IR [1]

and Raman microscopy to biomedical analysis

including calcium and crystalline materials were also

addressed . [11]

Stones commonly encountered in urology practice

are calcium oxalate, calcium phosphate, mixed calcium

oxalate and calcium phosphate, struvite and to less

extent, stones composed of uric acid and rarely cystine

stone . This study included 40% calcium oxalate[3]

monohydrate stones and 12% calcium oxalate mixed

with tricalcium phosphate stones. Identification of the

oxalate was done by two sharp strong bands in the

Raman spectrum at 1490 and 1464 cm  specific to c=o-1

stretching vibration with a specific oxalate monohydrate

band at 207 cm  which is due to Ca-O ring stretching-1

or bending modes. This is in agreement with Frost and

Weier . Calcium phosphate of the whitlockite [12 , 13]

stones were detected by the strong Raman peak of P-O

stretching vibration mode at 964 cm  and two-1

additional bands at 585 and 431 cm , while in the-1

struvite stone, the phosphates were identified in the

Raman spectrum by strongest vibrational mode peak for

4P-O bond of the (PO )  group at 947 cm  and some-3 -1

additional peaks with variable intensities at 565, 404,

299 and 186 cm . This is in accordance with Frost and-1

his colleagues . In this study, specific identifiable [4]

peaks of uric acid stones were similar to the data

reported by Ohmacht . The Raman and IR spectra of[14]

stones in group (5) showed the main vibrational bands

characteristic of a carbonate apatite structure which

were more or less near to the results of Bohic and

Ohmacht . The recorded spectra of group (6) were [14 , 15]

identical to the reported spectra of cystine which were

noticed in other series . [16-18]

The spectra obtained in this work illustrated

several important aspects of Raman, in particular in

relation to IR spectroscopy. Firstly the Raman spectra

are “fingerprints” which are in the same way as IR

spectra, they may be potentially useful for identification

of stone composition from one to another. Secondly, 
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molecular vibrations normally give rise to both IR and
Raman bands but their intensities very different, and
the prominent group frequencies familiar to the IR
users do not appear reliably in the Raman spectrum
and vice versa. As a consequence it should be
emphasized that both IR and Raman spectra should be
acquired whenever the full molecular vibrational
analysis is required. The third point is the individual
features of the Raman spectra may be used to indicate
the presence of specific chemical groups as with IR.
Lastly, Raman spectroscopy has the advantage that
bands below 400 cm  are readily obtained. This is-1

important to the study of oxalates as the (M-O)
stretching and (O-M-O) bending modes may be
determined. In conclusion, Raman spectroscopy can be
recommended as a new accurate, reliable and rapid tool
for chemical identification of urinary stones. However,
the extensive spectroscopic study performed in this
experimental work can be extended and developed to
build a Raman spectral library of all commonly
occurring urinary stones as well as the already existing
FT-IR library for urinary stones.
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