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Abstract. Process of bio-mineralization and the growth of urinary crystals oc-

cur under tissue conditions prevalent in the body. Many bio-mineral crystals

are initiated from the range of nanometer to micrometer size and have different

morphologies. Such nano or micro-crystals play a pathogenesis importance in

different diseases. An in-vitro method to induce micro-crystals of biomaterials

is desirable as an example to study the morphogenesis as well as its reversal

process. A gel technique provides for the growth of nano- to micro-crystals

of biomaterials. The growth of urinary crystals of calcium magnesium hydro-

gen phosphate is carried by this method. Growth inhibition and dissolution of

CMHP crystals in different concentrations of growth and citric acid effect is

studied.Gel technique is economical and can be observed under optical micro-

scope in all the stages. Growth inhibition and analysis of dissolution of bio-

mineral crystals are studied by different gel parameters and conditions.

PACS codes: 81.10.-h, 81.10.-Mx, 81.10.-Dn, 87.15.nt

1 Introduction

Bio-mineralization or bio-crystallizations process are the main root effect of sev-

eral diseases in human, examples are crystal-induced arthropathies, urinary cal-

culus, gall stone, cataract, etc. Gout is metabolic disorders of uric acid leading to

arthritis other crystals also induces joint disease. Deposition in the cavity of sev-

eral crystals, such as hydroxyapatite, monosodium urate monohydrate and cal-

cium pyrophosphate dihydrate produces to arthropathy. The World Health Orga-

nization has survived the problems of arthritis and declared the period 2000-10

as a bone and joint decade. The urinary stone formation leading to renal cal-

culi is an older and major problem. In urinary calculi several mineral crystalline
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components are found, such as calcium oxalate monohydrate, calcium oxalate

dehydrate, calcium hydrogen phosphate dihydrate, Calcium magnesium hydro-

gen phosphate and ammonium magnesium phosphate hexahydrate, etc., are the

most common. As per the estimation nearly 15% of the population suffers to

urolithiasis and it is more incidences in oil rich countries. The process of bio-

crystallization of cholesterol causes a significant role in arthrosclerosis leading

to cardiovascular disease, viz. coronary events and strokes. Gall stone diseases

can also occur due to cholesterol crystals besides bile-salt crystals. Coronary

artery bypass grafting accounted for 10% of all cardiac surgeries in all countries

however it is present to reach above 65%. The gall stone disease afflicts nearly

15% of the population in all countries. Cataract is also common in the aged

human. As per the report, that the face-centered cubic type ferritin crystals in

cataract play an important role in light scattering [1-9]. It is important to notice

that in most cases the growth of bio-crystals occurs either in the soft tissue, blood

vessel or cavities. The growth of crystals is slow and initiate at nano- to micro-

meter size. It is important to understand the pattern of growth and morphology

of the nano- or micro-crystals. Therefore, we have proposed a model system

based on the gel growth of crystals, which can lead to observe the crystals in

the process of their formation and growth. Gel method would serve as a good

screening in-vitro method for studying the inhibition or dissolution of crystals at

early stages or prevention. This would help to evolve preventive modalities for

those prone to stone formation. Growth of various crystals by the gel method

is well explored. The growth of nano- to micro-crystals in the gel environments

has not been well explored. The growth of crystals in a gel medium is a result of

slow diffusion of two reactants and formation of nuclei due to the reaction be-

tween them and the subsequent supply of nutrients resulting into further growth

of crystals by accretion. This has been explored in detail in earlier studies for

the growth of urinary crystals and their inhibition or dissolution [1-9].

2 Materials and Methods

The dissociation of orthophosphoric acid system can be represented by three-

dissociation equilibrium and the presence of various ions at various pH values

are reported [15-16]. Based on these results, the gel pH in the range from 6

to 10 has been used (Milwaukee QS-MN pH-600, packet digital pH-meter used

for measurements) in which the HPO2−
4 ions dominate or alone exist. This de-

creases the possibility of CaMP crystals occurring during the CaMHP growth.

The crystallization apparatus employed were glass test tubes of 25 mm diam-

eter and 150 mm long for single diffusion process (SDP). The chemicals used

were Excelar-Qualigens (E-Q) AR grade CaCl2, MgCl2 and orthophosphoric

acid (OPA) (Sp.gr.1.75). The SMS gel or water glass is prepared as per the lit-

erature [15-16]. One of the reactant OPA was mixed with silica gel at desired

gel density and elevated temperatures. After the gel set, the supernatant mixture

427



In-Vitro Studies of Major Minerals Mixed-Crystals Grown in...

(Calcium chloride + Magnesium nitrate) at required mole solutions was slowly

added along the walls of the growth columns (test tubes) over the set gels and

tightly closed to prevent evaporation which shows in Figure 1. Another one

medium is too mixed in lemon juice along with the supernatant solutions which

is shown in Figure 2. Then the growth systems are allowed to react within the

gel medium and the following chemical reaction take place in Figure 1 growth

system

(Ca2+ + Mg2+ + [H3PO2−
4 + gel]) → CaMgHPO4 + by products

Figure 1. Growth of CaMHP crystals

within laboratory environment.

Figure 2. Inhibition of CaMHP crystal

growth in lemon juice mixed medium.

3 Results and Discussion

The CaMgHPO4 crystals are grown in two different growth faces by applying

various growth parameters. Table 1 gives the growth parameters of CaMgHPO4

crystals in SDP growth parameters and the bold letters give the optimum growth

parameters. Among them, the lemon juice mixed growth medium (Figure 2)

shows better nucleation reduction and there are no crystals formed [9].

3.1 FTIR Spectral Analysis of CaMHP Crystal

FTIR Spectrometer having KBr pellets sample holder and KBr detector is used

for the analysis. The KBr pellet samples are used and the absorption frequencies

range from 600 to 4000 cm−1. The absorption bonds, absorption frequencies

and percentage of transmittance are compared with the reported values [10-

14]. The divalent ions (Ca, Mg) with O-H symmetric and asymmetric bond

frequencies are laid in 3477 cm−1 to 3047 cm−1, O-H out of plane vibra-

tion frequency is 692.02 cm−1 observed. Phosphate group frequencies from
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Table 1. Growth parameter of CaMHP growth process in SDP

Gel OPA Gel + H3PO4 Gel Supernatant Nucleation Growth Types of crystal

density concentration pH value setting concentration observed period observed &

gm/cc in N time CaCl2+MgCl2 in hrs days harvested

in hrs (1-M) crystal size

6.5 26 1:1 26

6.8 16 -do- 18
1 350

6.9 2 -do- 42

7.2 28 -do- 79

1.04
6.7 28 -do- 27 Leaf like crystals

6.8 2 -do- 18
2 260

7.0 4 -do- 44 Single,

7.4 46 -do- 76 Poly crystals

6.4 34 -do- 32

6.7 5 -do- 12
1 210 2 × 2 × 2 mm

6.9 4 -do- 38

7.2 68 -do- 88

1.05
6.5 34 -do- 32

6.7 16 -do- 42
2 387

6.9 8 -do- 28

7.6 78 -do- 68

1000 cm−1 to 1100 cm−1 and calcium, magnesium or appetite group frequen-

cies are 600 cm−1 to 1010 cm−1are observed. These values confirm the grown

crystal constituents.

Figure 3. Harvested CaMHP crystal in laboratory growth medium.
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3.2 Thermogravimetric (TGA and DTA) Analysis of CaMHP Crystal

The TGA and DTA of CaMHP crystals are carried out by STA 11500-PLTS in-

strument. The CaMHP crystal of 7.543 mg sample is taken to the TGA process.

The TGA is started from room temperature to 900◦C by heating at a constant

rate. The percentage of weights present in the CaMHP sample at a particular

temperature is tabulated in Table 2 [15-22]. The TGA of CaMHP crystals are

anhydrous up to 190◦C. Here after the remaining sample are stable up to the end

of the analysis.

The expected chemical reactions

CaMgHPO4.XH2O
N−→ CaMgPO4 + XH2O (vapour)

2CaMgPO4
N−→ 2Ca2, Mg + 2PO4 (vapour)

Calcium and Magnesium are stable compound with respect to the temperature

up to 1483◦C (Boiling point of Ca, Mg). About 22% of CaMHP crystals are

decomposed and 78% of the samples are stable until the end of the analysis.

Table 2. Thermal Analysis of CaMHP crystals

TGA

Critical Temperature % of CaMHP Remaining sample

points (◦C) crystal present in mg DTA in ◦C

1 35 100 7.543 122.94

2 122.19 104.4 7.844 170.33

3 190.69 78.8 5.944 237.58

4 800 78.8 5.944 668.33

5 880 78 5.883 686.87

3.3 Etching Study of CaMHP Crystal

A well-grown CaMHP crystal is immersed in HCl solution at a desired con-

centration. The dissolution of CaMHP crystal depends upon the etchant [2N]

concentration, temperature, crystal morphology, etching time etc., [16-17]. The

etch pits is shown in Figure 4, which are observed in the photo are knife pits,

squire pit, leaf pit and step pits.

3.4 Scanning Electron Microscopic Study of CaMHP Crystal

A well-grown CaMHP single crystal is selected for the investigation of surface

morphology by SEM. The SEM photograph is made in the version S-300-I in-

strument. The sample named VCA-600 kept in lobe middle; the data size is

640 × 480 µm. The minor and major magnification of SEM was about 250
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Figure 4. Etch photo of CMHP crystal. Figure 5. SEM picture of CaMHP crys-

tal.

times. SEM acceleration voltage is 25000 volts and the sample is kept in a high

vacuum. 18200 µm working distance and monochromatic color mode are em-

ployed. 50 µm focusing of CaMHP crystal SEM is carried out. In the surface

analysis of SEM-CaMHP crystal, shown in Figure 5, smooth fine grain bound-

aries and few valley regionsand ups and downs are observed [18-24].

3.5 X-ray Diffraction of CaMHP Crystal

The XRD results revealed the crystalline property of grown crystal. The XRD

pattern and diffraction indices of CaMHP crystal are recorded. Using the pro-

gramme (Proszki) the lattice parameters of CaMHP crystal are calculated and

the lattice parameters are a = 10.03 Å, b = 10.41 Å, c = 10.67 Å, α = 90.19◦,

β = 90.02◦, γ = 90.17◦. The volume of the unit cell of the CaMHP crystal is

1114.4768 (Å)3. From this data it is confirmed that the CaMHP crystal system

is triclinic.

4 Conclusion

The CaMHP crystals are grown in two different growth environments. Nucle-

ation is found to be totally reduced in lemon juice mixed growth medium. FTIR-

spectrum of CaMHP crystal is recorded and confirms the presence of crystal

constituents. Chemical etching was done at room temperature, which revealed

the grown crystal defects. SEM analysis is also done and it gives surface mor-

phologies of CaMHP crystal. The decomposition temperature and percentage

of weight loss of the grown crystal are recorded by TGA and DTA analysis.

CaMHP lattice parameters are calculated by XRD, which is triclinic.

431



In-Vitro Studies of Major Minerals Mixed-Crystals Grown in...

References

[1] H.K. Henisch (1988) In: “Crystals in Gels and Liesegang Rings”, Cambridge Uni-

versity Press, Cambridge.

[2] S.K. Arrora (1981) Prog. Cryst. Growth Ch. 4 345-378.

[3] H.K. Henisch (1970) In: “Crystal Growth in Gel”, Penny Sylvania Uni. Press.

[4] S. Kai, S.C. Muller, et al. (1983) J. Chem. Phys. 87 806.

[5] J. Blank, W. Brenner (1947) J. Colloid Sci. 2 143.

[6] W. Brenner, Z Blank, et al. (1968) J. Cryst. Growth 3-4 372-376.

[7] J. Dennis (1967) J. Electrochem. Soc. 14 263.

[8] S. Joshi, J. Joshi (2003) Cryst. Res. Technol. 38 817-821.

[9] H.K. Henisch, J.I. Hanoka, J. Dennis (1965) J. Electrochem. Soc. 112 627.

[10] G. Socrater (1980) “Infrared Characteristic Group Frequencies”, Wiley, New York.

[11] S. Matsuzaki, K. Matsushita, et al. (1995) Int. J. Urol. 2 235-237.

[12] Yean-Chin Tsay (1961) J. Urology 86 838-854.

[13] C.M. Corns (1983) J. Ann. Clin. Bio-Chem. 20 20-35.

[14] A. Hesse, D. Bach (1982) In: “Urinary Stones, Clinical and Laboratory Aspects”,

Ed. Alan Rose, University Park Press, Baltimore.

[15] P.N. Kotru, K.K. Raina, N.K. Guptha (1986) Bull. Mater. Sci. 8 547.

[16] J.B. New Kirk (1962) In: “Director Observation of Imperfection in Crystals”, Inter-

science Publishers, New York.

[17] K. Sangwal (1991) Key Eng. Mat. 58 170-187.

[18] K. Tasukamot (1983) J. Cryst. Growth 61 199.

[19] H.C. Gates (1975) In: “Crystal Growth and Characterization”, North Holland.

[20] H. Bethage, et al. (Eds.) (1987) “Electron Microscopy in Solid State Physics”, El-

sevier, Amsterdom.

[21] N. Albon, et al. (1958) In: “Growth and Perfection of Crystals”, Wiley, New York.

[22] G.S. Sanyal, K. Nag (1977) J. Inorg. Nucl. Chem. 39 1127-1130.

[23] H.G. Tiselius, B. Hess, et al., (2002) Eur. Urol. 41 1-11.

[24] B. Hess, D.J. Kok (1996) In: “Kidney Stones: Medical and Surgical Management”,

Eds. F.L. Coe, M.J. Favus, C.Y.C. Pak, J.H. Parks, G.M. Preminger, Lippencott-

Raven, Philadelphia.

432




