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Abstract 

Infrared (IR) spectroscopy is a powerful analytical technique that examines the interaction between 

electromagnetic radiation in the infrared region and material systems. It is widely used for molecular 

identification, structural analysis, and impurity detection due to its ability to provide unique vibrational 

fingerprints of molecules. This technique is essential in quantitative analysis, as absorption at specific 

infrared frequencies correlates with molecular composition. In biological studies, IR spectroscopy is 

applied to analyze gases, fluids, tissues, and macromolecular components, enabling insights into 

molecular structures, hydrogen bonding, and biological processes. The preparation of biological samples 

for IR spectroscopy varies depending on the state of the material and its intended analysis. The study of 

urinary calculi using IR spectroscopy has proven valuable in identifying key constituents such as 

calcium oxalate, apatite, and uric acid. This paper highlights the principles of infrared spectroscopy, its 

role in biological research, and its significance in medical diagnostics and structural characterization. 
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1. Introduction: 

The interaction of material system with electromagnetic radiation in infrared region of the spectrum is 

infrared spectroscopy. The study in infrared region is useful to understand the structure of matter since 

the natural vibration frequencies of atoms in molecules and crystals fall in this region. The infrared 

absorption spectrum of a molecule is highly specific and often has been referred as finger print 

technique. The spectrum is used for the identification and characterization of different types of 

molecules. Infrared spectroscopy is used for the detection of impurities for production control of many 

chemicals in large scale. Whenever a compound is having an impurity it causes the appearance of extra 

bands, reduces the sharpness of individual bands and a general blurring of the spectrum. Conditions for 

the detection of impurities are most favourable when the main component does not possess strong bands 

in that infrared region where the impurity shown. 

The quantitative analysis is possible by IR spectroscopy, because the absorption of radiation at various 

infrared frequencies is quantitatively related to the number of absorbing molecules in a system. The 

extent of absorption depends on the wavelength and, or frequency of the IR radiation passing through 

the molecule and the structure of the molecule. Absorption of radiation leads to be gain in the energy of 
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the molecule. This gain in energy leads to a variety of vibrations in the molecule. A graph is plotted 

showing the variation of absorption (or transmission) of a radiation by a compound with wavelength or 

frequency it is possible to get infrared spectrum of the compound. 

Infrared spectroscopy gives information on molecular vibrations or more precisely on transitions 

between vibration and rotational energy levels in molecules. This information is of immense use to 

chemists because it can be directly related to molecular structure. A molecule contains electronic, 

vibration and rotational energy levels. Each electronic level within a molecule is associated with a 

number of vibration levels with less energy separation and each vibration level in turn is associated a set 

of rotational levels with even less energy separations. The increase in energy may be electronic, 

vibration or rotational energy of the molecule. Changes in the electronic energy involve large quanta, 

changes in vibrations energy involve smaller quanta and changes in the rotational energy require quanta 

even smaller than those of vibration energy. Relatively smaller amount of energy is associated with the 

infrared radiation, they are incapable of electronic excitations, but 112 induce transitions between 

vibration and rotational energy levels of a molecule. It is also called vibration-rotational spectrum of the 

molecule. 

An infrared spectrum is obtained when the frequency of molecular vibration corresponds to the 

frequency of the infrared radiations absorbed. Absorption of radiation in the infrared region results in the 

excitation of bond deformations, either stretching or bending. Various stretching and bending vibrations 

occur at certain quantized frequencies. When infrared light of suitable frequency is incident on the 

molecule, energy is absorbed and the amplitude of those vibrations is increased. The application of an 

infrared absorption spectrum for identification and analysis of different chemical combinations in the 

material system was recognized in 1980. In early twentieth century the American physicist W.W. 

Coblentz determined the infrared spectra of number of substances and demonstrated the potential value 

of these spectra. The normal range of an infrared spectrum, used by chemists for structural work, 

extends from 4000 cm-1 to 667 cm-1. The shorter wavelength region (12500 – 4000 cm-1) is referred to 

as near infrared region and contains absorption bands due to harmonic overtones in fundamental bands 

and combination bands. The region (667 – 50 cm-1) is referred to as far infrared region. The normal and 

far infrared regions contain absorptions due to fundamental harmonic and combination bands. The 

infrared spectrum is the simplest, most rapid and often highly reliable means for assigning a compound 

to its class. It can also provide a variety of information on structure, symmetry, clarity, structural and 

geometrical isomers and hydrogen bonding. Infrared spectroscopy can be used as a tool to provide 

information in the biological system. It is helpful in the study of structure of various macromolecular 

components and their conformations within a tissue. In specific cases infrared spectroscopy affords rapid 

qualitative and quantitative identification of organic and inorganic constituents and their combination 

mineralized tissues like bones, calculi and gallstones. 

Preparation of Biological Samples for Infrared Spectroscopy, the applicability of infrared spectroscopy 

to biological systems depends upon the nature of the sample that is involved in the analysis. For 

example, one can divide the samples used into several different types, exhaled vapour (gas technique), 

body fluids (solution techniques), tissues (solid techniques), and macromolecular components (both 

solid and solution technique), and minor constituents such as metabolites (both solid and solution 

techniques). The sampling also depends upon whether one is going to analyse the material directly or to 

extract from the material some component of interest. The type of sampling further depends upon the 

purpose of the spectroscopic examination, qualitative analysis, quantitative analysis or structural 
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determination of a component in the material. For the analysis of gaseous samples such as exhaled air, 

including carbon dioxide, metabolic products and other components such as carbon monoxide, ethyl 

alcohol etc., the sampling is essentially that which is used in ordinary gas work. For obtaining samples 

from an animal or a patient, one technique is to have the patient blow a pillow sized plastic bag full of 

his exhaled air and then transfer this gas sample to a cell. In biological samples, in general, water is the 

main constituent. In most biological tissues the presence of water is of 65 to 85 percent, while in hard-

calcified tissues such as bone and tooth the water contents is to the existent of 10 to 30 percent. Living 

tissue, therefore, essentially contains water so that it is desirable to study the spectra of most biological 

materials in aqueous solution, since this is the natural medium of these materials. Biological materials 

are of complex mixtures. It is desirable to separate or fractionate the tissue to remove the components in 

which one is interested. Infrared study on urinary calculi taken out from patents in Macedonia by 

Stojanovic Et al (1969) . IR study of urinary calculi to determine the composition of compounds usually 

mentioned as constituents of urinary calculi only the following were found in the collection under 

consideration. Calcium-oxalate apatite magnesium ammonium phosphate hexa-hydrate uric acid and it’s 

de-hydrate, ammonium urate and cystine. All most all the compounds except apatites are well 

crystallized identification of renal calculi on micro samples by infrared analysis was carried by Haux, 

Peter and Samuel Natelson (1970). A procedure is described for the micro assay of renal calculi, using 

IR spectrometer. Typical spectra on both pure and mixed stones were shown. Reference spectra from 2.5 

– 40 are given for identification of stone crystal comparison. The composition of shell and core of renal 

calculi are analyzed and compared. Daudon et al (1979) have worked on analysis of gallstones by 

infrared spectrophotometers advantages and limits of the method, a physical method, infrared 

spectrophotometer has been developed for the qualitative and semi qualitative determination of the 

stones of all origins. The heterogeneous structure of the stones and the importance, which they attribute 

to differential analysis by separate zones during careful dissection, were stressed. The differentiation of a 

few crystalline structures and the study of complex mixture were dealt with in the form of characteristics 

IR spectra. Pellegrino et al (1979) discovered the calcium phosphate carbonate transformation in renal 

calculi. Report says that the evidence in the series of events described for formation of synthetic Co3-

apatite in vitro may be a prototype for renal stone formation. The hypothesis was examined by IR 

spectrographic analysis of renal stone. For understanding the microstructure of gallstones work was 

carried out electron microprobe analysis, x-ray diffraction and IR spectroscopy, to investigate the nature 

and arrangement of materials present, calcium phosphate and carbonate deposits present centrally in 

many stones were mixed with a pigmented phase containing calcium and protein by Been et al (1979). 

As calcium salts were found at the stone centres, the layer sequences were discussed in the terms of 

some possible effects of damage to the gall bladder wall caused by the calcium salts deposits. A report 

by Rosen et al (1988) described the modelling activities carried out by Physical Sciences Inc. (PSI) 

during the first year of our ONR Contract N0014-87-C-0161. The objective of this contract is to develop 

models which can ultimately be used to predict the thermal response, ablation, and fragmentation of hard 

and soft biological tissue exposed to free electron laser (FEL) radiation. Most of our efforts thus far have 

been focused on the hard tissue problem, i.e., kidney stones. During this modeling efforts have been 

initiated in four principal areas, (1) further development and application of 1-D and 2-D numerical heat 

conduction codes to model the thermal damage and ablation of soft tissue exposed to infrared laser 

energy, (2) modelling of plasma initiation mechanisms in, and resulting plasma spectral emissions from, 

pulsed laser-irradiated kidney stones and gallstones, (3) modeling of laser-driven shock-induced 
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fragmentation of kidney stones and gallstones, and (4) modeling of the above surface hydrodynamics, 

i.e., bubble growth and acoustic wave propagation, resulting from plasma-mediated laser energy 

deposition above a hard tissue surface in a fluid medium. Comparisons of chemical composition of 

multiple or recurrent urinary stones was made out by Takaski (1989) detected that stones are composed 

of mixed calcium- oxalate-calcium phosphate formulated from infrared spectrum charts. Garban et al 

(1990) made a biochemical study on some metals present in urolithiases II identification of transition 

metals. After having established qualitative composition in preliminary studies through IR spectroscopy 

and microcomputers, three types of urolithiases were defined phosphate urolithiases, uric acid calculi 

and oxalic acid calculi. Using atomic absorption spectrophotometer, concentration of the following 

transition metals was determined: zinc, copper, iron and manganese. Data obtained as a result of the 

study indicated instinct differences in transition metal composition in the three types of renal calculi. 

Oxalic acid calculi were dominated by the presence of iron while phosphate urolithiases showed high 

concentrations of zinc. Copper was the predominant transition a metal found in uric acid calculi. Mixed 

lithiases were consistently dominated by the presence of both zinc and iron. Ravinder Agarwal et al 

(1991) studied the variation in occurrence of the urinary stones with respect to the geographical regions. 

The presence of stones in the urinary system causes pain and discomfort. These generate colics and 

hence are sometimes lives threatening. In the present study, infrared measurements have been made on 

several stone samples. It has been found that calcium oxalate, calcium phosphate, magnesium 

ammonium phosphate, calcium carbonate, uric acid, -cystine and xanthin are present, as expected. Also, 

silicon dioxide is found to be present in some of the stones but in small quantity, in addition to the above 

constituents. This constituent is responsible to exhibit piezoelectricity in the urinary calculi. Phosphate-

type kidney stones have been examined using Raman spectroscopic technique by Venkata Ramana 

Kodati et al (1991), by merely focusing laser light on the cut surface of the stones. Before examination 

of the kidney stones, Raman spectra of several standard phosphate compounds—such as calcium 

monobasic phosphate [Ca(H2PO4)2], calcium dibasic phosphate (CaHPO4), calcium tribasic phosphate 

[Ca10(PO4)6(OH)2], calcium orthophosphate [Ca3(PO4)2], brushite (CaHPO4·2H2O), struvite 

(MgNH4PO4·6H2O), and hydroxyapatite [Ca10(PO4)6(OH)9],—were obtained. Hydroxyapatite has a 

distinctive line at 961 cm−1, and one kidney stone examined showed a comparable band. It was 

concluded that one stone is primarily hydroxyapatite and another one is brushite. The analysis of the 

kidney stones by Raman spectroscopy is direct, fast and non-destructive and does not require tedious 

sample preparation. Identification of cholesterin-and pigment gallstones under compute tomography 

(CT) was studied by Rambow in 1991 the attenuation values (Hounsfield units/HU) were assessed in 

vivo by CT under standardized conditions. After surgical or endoscope stone removal the concernments 

were dehydrated homogenized and then analyzed by infrared spectroscopy 18 cholesterol and 11 

pigments stones could be identified. The attenuation values of cholesterol stones amounting to 28-98 HU 

(48.7±4.4 HU) differed significantly (p<0.001) from pigment stones (90-120HU/105.5±2.8HU). We 

conclude that computed tomography provides exact discrimination between cholesterol and pigment 

stones in vivo. Since only cholesterol stones can be dissolved by cheno/ursodeoycholic acid we 

recommend to measure the radio-density of kidney stones by CT prior to any litholytic therapy 

Gonzalez-mediero et al (1992) presented an analysis by x-ray diffraction, infrared spectroscopy and 

scanning electron microscopy, apart from the chemical analysis infrared spectroscopy disclosed the 

typical findings of multiple bands 1600-625cm-1. Analysis by X-ray diffraction revealed a slight 

variation. One of the calculi, which we considered to be a mixed calculus (probably of calcium 
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phosphate), showed a peak at 430, instead of usual 34.5. Scanning electron-microscopy disclosed two 

forms of crystallization, the typical hexagonal form of cystine stones and the rectangular form of 

different sizes. The material comprising the matrix was observed in many areas, covering and joining the 

crystals as if it were cement. Ultra structural studies have provided further insight into the structured and 

composition of cystine calculi. The foregoing may be useful in determining the most appropriate form of 

treatment based upon stone size shape, composition (pure or mixed) etc. PLS (partial least squares) 

regression offers a promising tool for routine quantification, not only for whewellite, weddellite, and 

carbonate apatite, but also for other compositions of the urinary calculus. This was employed by Volmer 

et al (1993) for routine analysis of urinary calculus composition with Fourier transform infrared analysis. 

A simple technique for studying kidney stone composition, Polarizing microscopic study of partially 

dissolved kidney stones powder was made by Choudhuri et al (1995), Chemical and infrared 

spectroscopy estimation facilities are not commonly available in many parts of the world and visual 

inspection may not be reliable for scientific purposes. To investigate whether identification of 

microcrystalline solids in partially dissolved stone powder could accurately predict the chemical nature 

of the kidney stones we undertook a blind study on 40 samples of kidney stones and compared our 

results with those of visual inspection and quantitative infrared spectroscopy. There were 29 cholesterol 

stones (mean cholesterol 83.4±7.5%), six intermediate cholesterol stones (mean cholesterol 48.0±21.2%) 

and five pigment stones (mean cholesterol 14.3±4.3%) are determined by quantitative infrared 

spectroscopy. Microscopic examination of partially dissolved kidney stones powder in ethanol correctly 

identified all 29 cholesterol kidney stones (sensitively 100%, specificity 92%), four of six intermediate 

cholesterol stones (sensitivity 67%, specificity 100%) and all five pigment stones (sensitivity 100% and 

specificity 97%). It also detected microspheroliths of calcium carbonate in 14 to 16 calcium carbonate 

containing kidney stones (sensitivity 88%, specificity 100%). The chemical grouping of stones on the 

basis of microscopic examination was correct in 37 (93%) of 40 samples and especially useful in 

identifying intermediate cholesterol stones which cannot be recognized by visual inspection. Thus 

microscopic examination of powdered kidney stones appears to be a simple and reliable method of 

determining kidney stones composition. 

Kidney stones (urinary calculi) have become a global scourge since it has been recognized as one of the 

most painful medical problems. Hence, Chandrajith et al (2006) studied the structural and mineralogical 

properties of stones by employing the XRD and FT-IR methods. 

 

2. Objectives 

 Identify the types of kidney stones using IR Spectroscopy investigating the IR spectral features of 

different kidney stone types to develop a database for future reference. 

 Evaluate the accuracy and reliability of IR Spectroscopy compared to other methods. 

 Examine relations between kidney stone composition and clinical factors. 

 Explore the potential of IR Spectroscopy for rapid, non-invasive diagnosis of kidney stone 

composition 

 

3. Material and Methods 

Samples of calculi and kidney stones were collected from different hospitals. And, for infrared analysis, 

smooth powders of the samples were obtained by grinding. The powder was collected in small plastic 

boxes which are used for IR studies and IR charts were obtained. 

http://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR260381067 Volume 8, Issue 3, May-June 2026 6 

 

3.1 Sample Preparation in the Present Investigation 

A small quantity of calculi and kidney stones powder separately mixed with anhydrous potassium 

bromide in the ratio of 1:4 and pressed in a stainless steel die to obtain thin crystalline KBr wafer, 

containing a relatively high concentration of calculi or kidney stones sample infrared transparent 

potassium bromide matrix. 

3.2 Infrared Spectroscopy 

The visible region of electromagnetic radiation extends from about 0.38 µm to 0.78 µm. The infrared 

region extends after the visible region at 0.78µm to microwave region with a wavelength of ~ 1 mm. The 

infrared region is divided into three sections as shown 

 

Table-1 

Near infrared                     Middle infrared                  Far infrared 

(overtone region)     (fundamental vibration region) (rotational region) 

 

Functional group                Finger print 

region                            region 

 

12500 cm-1 

 

4000 cm-1-1400 cm-1 

 

900 cm-1 - 667 cm-1 

 

50 cm-1 

 

The section used mostly by material scientist is the mid infrared region extending from 2.5 µm or 4000 

cm-1 (wave number) to ~ 25 µm or 400 cm-1. The region between the visible and mid infrared regions is 

called near infrared region. This region of infrared is used for many applications, especially for 

quantitative analysis. 

 

 
Fig 1:Schimatic diagram for the mesurment of IR Spectrum 

 

Q source sends a beam of continuous infrared radiations,C spericsl condensing mirror ,S sample 

to be studied,M slit of the monocromatic,R absorption cell,T system to the ditector,A grating of 

several prisms,D dispersing driving mechanism, CR chart recorder. 

 

The region beyond ~25 µm (400 cm-1) is called the far infrared region. This region is used for studying 

the low frequency vibrations and molecular rotations. The usual arrangement for measurement of an 

infrared spectrum is shown schematically in the Fig 1. A Source Q sends a beam of continuous infrared 

radiation’s to a spherical condensing mirror C, which passes the beam through S, the sample to be 

studied. 
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Some of the infrared frequencies in the beam are absorbed strongly while some weakly. The reduced 

beam passes on and comes to a focus at the entrance slit of the mono-chromotor M of the infrared 

spectrometer, which disperses the radiation’s into a spectrum. One frequency at a time appears at the exit 

slit of spectrometer, from which the radiation of that frequency is passed by a suitable optical system to 

the detector T. The detector converts the radiant energy into an electrical signal, which is amplified 

electronically at A and then recorded by a chart recorder CR. An infrared spectrum is a record of 

intensity of infrared radiation as a function of frequency or wavelength. In producing such a record the 

chart recorder is driven in synchronization with the dispersing system of the spectrometer, by some 

common driving mechanism D. In this way a given frequency setting of spectrometer M at which setting 

radiation of that frequency is emerging from it. 

The electrical output of the detector would not be constant even if the samples were transparent due to 

many basic reasons such as atmospheric absorption, variation of source intensity with frequency and 

changing dispersion in the spectrometer. To correct these variations, it is necessary to determine two 

spectra one with the sample ‘S’ in the beam and other without sample. The absorption sample as a 

function of frequency can then be computed from these two spectra. The individual spectra on which the 

computation is based are called single beam spectra. 

The computation is laborious, time consuming and potentially unreliable because of changes in the 

entire system between the two determinations of spectra. These difficulties are avoided if the second 

optical path shown (broken lines) is introduced. The second optical path called reference beam is made 

as nearly like the first as possible, except for the absence of the sample. In fact, reference beam may 

contain an absorption cell R that differs from S, only in the absence of the sample S. If the sample ‘S’ 

were in the solution, R would contain the same amount of solvent as S. 

Common infrared spectrometers cover wave numbers ranging from 4000 cm-1 to 400 cm-1. The 

spectrum is a plot of sample absorbency or percent transmittance versus wave number. A grating of 

several prisms is used for changing wavelengths and for mono-chromatization. Sodium chloride prisms 

are used for 400 cm-1 to 600 cm-1 range, while cesium bromide prisms are used for 600 cm-1 to 200 

cm-1 range. The wavelength scale usually changes with use and therefore frequent calibration is 

necessary. Biological sample can be studied as mulls in Nujol. The mull is prepared by grinding the 

sample to a fine powder and mixing with mulling agent to make a paste. A thin layer of the paste kept 

between NaCl and other plates is studied. Another method is the KBr disc method in which powdered 

sample is mixed with KBr and is pressed into clear disk which is mounted and examined directly. Care is 

taken while analyzing infrared spectra because of spurious bands present in IR spectra. A list of such 

bands was prepared. 

In the present investigation, the infrared spectra of powdered sample of calculi and kidney stones were 

recorded at the room temperature of 30 degrees centigrade with a Perkin Elmer spectrophotometer. IR 

spectra of different samples were obtained and typical IR spectra are presented. 

 

4. Results and Discussion 

The figures were taken with the help of the Infrared spectroscopy instrument with scan time as three 

minutes and the solvent used potassium bromide. It is understood that in human body the stones are 

resent in organic or inorganic combination do no harm unless they grow to large size and disturb the 

regular life. 
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In the biological systems the spectral analysis depends upon the elements present. In general a tissue is 

dominated by the spectrum of the macromolecular components which are present to the largest amount. 

Water spectrum is being the most dominating in the tissues. These can be presented in three different 

ways 1. Organic tissues like muscle, brain, liver kidney, heart etc 2. Mineralized tissues such as bone, 

calculi, gallstones, horn, hoof, teeth etc 3. In body fluids like blood, urine, saliva, bile, spinal fluid etc. 

The aim of the IR spectroscopic analysis is to determine the structure of organic and inorganic 

constituents. It makes one understand the variation seen in the spectrum could be due to disease, drug 

action, psychological changes and changes occurring with the ageing. It analyses for a particular 

components change because of the physiological stress. 

IR spectra are being utilized in understanding the various structural changes in the biological system and 

the mechanisms of the reactions within the system. 

The present investigation analyses the principle constituents of the renal (kidney) calculi, urinary bladder 

stone, and the gallbladder stone. The IR spectra of the powdered renal (kidney) calculi, urinary bladder 

stone and the gallbladder stones are presented in Fig 2 to Fig 7. The bands observed in the each of the 

entire spectrum (4000 – 200 cm-1) for the samples collected are presented with the help of IR spectra. 

IR study of kidney stone, urinary calculi, and gall stones are to determine mostly the composition of 

compounds usually mentioned as constituents of biological stones. 

Peaks close to 800cm-1 describe aromatic character (benzene) about carbons. Above 800cm-1 are the 

functional groups like CO OH acid and OCOCH3. The peaks observed at 1000 to 1100 cm-1 indicate the 

presence of ether. In 3600 cm-1 to 3400cm-1, the presence of alcohol is considered. 

The total region broadly divided into three regions 

1. The region 4000cm-1 to 3000cm-1 is concerned with water and hydroxyl group. The region presents the 

nature of hydrogen bonding 

2. The region 3000cm-1 1500cm-1 here the bands are of functional group are noticed 

3. The region 1500cm-1 to 200cm-1 is of prime requirement in context to biological data and salts. 

The Fig 2 to Fig 7 reveals the characteristics of the kidney stones. But some similar peaks are very close 

and materialize with each other. The consistency of the relationship was prominent in the peaks of Fig 2 

to 7. The wave number 3500cm-1 to 3000cm-1 stands for the transmittance value at 1% to 2%. The other 

peak observed at wave number 2700cm-1 to 2300cm-1 are around 20 % to 30 % . At 1800cm-1 to 1400cm-1 

observed at 0.01 % and are close to 2%-4% range. The bands at 1323cm-1 , 1319cm-1, to 515cm-1 represent 

skeletal vibrations the strong absorptions at 750cm-1 (aromatic C-H out of plane bending) and 680cm-1 

(Aromatic C-C out of plane bending vibration) indicate a mono-substituted benzene ring. 

 

Table-2: Some common spurious absorption bands 

Approximate 

Frequency (Cm-

1) 

Wavelength (μm) Compound or 

group 

Origin 

1700 2.70 H2O Any source 

3650 2.74 H2 Any source 

3450 2.9 H2O Hydrogen bonding in water usually 

in KBr discs 

2350 4.26 CO2 Atmospheric absorption 

2000-1400 5.7 H2O Atmosphere 
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1640 l6.1 H2 Water of crystallization 

1430 7.0 CO3 Contaminant of halide window 

1360 7.38 NO3 Contaminant of halide widow 

1270 7.9 SiCH3 Silicon oil or grease 

1110-1000 9-10 SiO Glass siliceous 

667 14.98 CO2 Atmosphere 

 

The Fig 2 and Fig 7 has some different representation with respect to the kidney stone in Fig 5.6 the 

broad peak of 3500cm-1 to 2900cm-1 proves the transmittance at 48 % to 52 % but after that the peaks 

resemble at some of the places in Fig 7, 1450cm-1 to 200cm-1 5 peaks are represented in Fig 7 the peaks 

tune to almost 10 in numbers. 

 

 
Fig 2: IR spectrum of Kidney stones 

 

 
Fig 3: IR spectrum of Kidney stones 
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Fig 4: IR spectrum of Kidney stones 

 

 
Fig 5: IR spectrum of Kidney stones 
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Fig 6: IR spectrum of Kidney stones 

 

 
Fig 7: IR spectrum of Kidney stones 

 

As mentioned the Fig 2 to 7 strongly focus the correlation with respect to the family they belong that is 

the parental qualities. Kidney stones have very commonly stood for the characters with wave number 

and the transmittance. And there is strong close relation between the kidney and the urinary bladder 

stone, while some elements get released from kidney influences, the formation of the sedimentary 

growth of the urinary bladder stone naively. 

The Table 1 provides the data about the individual from Fig 2 to Fig 7 with the wave number and 

transmittance percentage (%) with reference to number of peaks each figure representing. Table 2 

represents some common spurious absorption bands. 

The spectra of Calculi (Kidney stone) stones indicate the presence of band characteristic of phosphate 

ion Sulphate ion and Hydroxyl ion, water molecule and functional group with proteins. The water in the 
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compound is detected by characteristic bands of 3600cm-1 to 3200cm-1 region and in 1650cm-1 , an 

additional band in 600 cm-1 to 300 cm-1 region is also noted, when H2O coordinated to metal ion another 

band appears in 880 cm-1 to 650 cm-1 region. These are combination and overtones of fundamental 

vibration modes of water molecule which emphasizes through the peaks. In present investigation the 

bands at 3350 cm-1 to 1650 cm-1 are the indicators of free water in the calculi and urinary bladder stones 

with hydroxyls ions involved in hydrogen bonding. The carbonates represent in the region of the 1450 
cm-1 to 1410 cm-1 has prominent indication of its presence in stones fall under the carbonate group. But in 

the Kidney stones the carbonates are absent. Since the peaks in which the range of 1450 cm-1 – 1410 cm-1 

are not seen, because of the band 712 cm-1 is absent. 

A) Greater than 2500 cm-1 all fundamental vibrations involve a hydrogen stretching mode. The O-H 

stretching occurs at 3600 cm-1. Hydrogen bonding lowers the frequency and broadens the band C-H 

stretch occurs at 2850 cm-1 to 3000 cm-1 for an aliphatic compound and 3000 cm-1 and aromatic compound , 

largely present in calculi stone. 

B) 2500 cm-1 – 1600 cm-1 stretching vibrations for triply-bonded molecules C≡ H gives stone peaks in 

2200 cm-1 - 2300 cm-1 region, this peaks extended to few kidney stone (KS 019 and KS 025) 

C) 2000 cm-1 -1600 cm-1 stretching vibrations for doubly bonded molecules and bending vibrations of O-

H, C-H and N-H group occur in these region. 

D) Less than 1600 cm-1, single bond region coupling occurs in individual single bonds having similar 

forces constants and connect similar masses as C-O, C-C , and C-N stretches often couple. The 

absorption bonds in this region of functional group occur atdifferent frequencies depending upon the 

skeleton of molecule. Each vibration often involves oscillation of large number of atoms of molecular 

skeleton. These are the bands in present investigation attributes to organic component of the calculi and 

gall stones essentially a protein, the collagen. 

1) The bands 1450 cm-1 – 1410 cm-1 and 880 cm-1 -800 cm-1 are the characteristics of Carbonate present in 

urinary bladder stone and kidney stones. 

2)1400 cm-1 – 1300 cm-1 and 840 cm-1 - 800 cm-1 bands shows that nitrite is absent. 

3)1410 cm-1 – 1540 cm-1 and 860 cm-1 – 800 cm-1 bands of nitrate is also absent. 

4)1000 cm-1 – 950 cm-1 Phosphates the percentage of this compound in very poor. 

5) 1330 cm-1 – 1080 cm-1 , 680 cm-1- 610 cm-1 and 1100 cm-1 - 900 cm-1 are the sulphates show its presence in 

most of the calculi and urinary bladder stones but poor in the gall stones. 

 

5. Conclusion 

This investigation indicates identification of transition elements like iron and cadmium in mixed form, 

zinc has been also traced. Silicon dioxide is found in some f the stone but in very small quantity. This 

data is observed in the kidney stone. 
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