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SYNTHESIS OF UNSTABLE VATERITE POLYMORPH OF HOLLOW 3 

CALCIUM CARBONATE NANOPARTICLES AND ENCAPSULATION OF 4 

THE ANTICANCER DRUG CISPLATIN 5 

ABSTRACT 6 

Cisplatin is the first generation platinum coordination complex-based anticancer drug 7 

developed to treat many different types of cancers. However, cisplatin is associated 8 

with numerous side effects. Most of these side effects could be minimized if cisplatin 9 

can be encapsulated in a suitable host material for its slow-release only at the cancer 10 

cells. In this research, we developed a convenient and simple wet chemical route to 11 

synthesize spherical nanoparticles of the vaterite polymorph of calcium carbonate 12 

(CCNP) with hollow and porous structures. This is achieved by the soft molecular 13 

template based synthesis of vaterite using the template obtained from hydrogen bonded 14 

ethylene glycol-water network structures. In these templates, vaterite is synthesized 15 

from calcium acetate and sodium hydrogen orthophosphate in the aqueous dispersion. 16 

Cisplatin is then encapsulated within these nanoparticles and the materials synthesized 17 

are well characterized by several independent analytical methods. The presence of 18 

cisplatin in its proper molecular form within the confined environment of vaterite is 19 

proven. Taking the advantage of the acidity of cancerous cells, these nanoparticles can 20 

be selectively and slowly dissolved only within cancerous cells thus releasing the drug 21 

only to the cancerous cells. This would minimize the adverse effects of cisplatin to 22 

healthy normal cells while increasing the bioavailability and efficacy of the drug and 23 

reducing its dosage. 24 
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GRAPHICAL ABSTRACT 47 

 48 

 49 

INTRODUCTION 50 

 51 

Calcium carbonate particles have widespread technological applications in building, 52 

paper, pharmaceutical, textile, rubber, plastic, paint, cosmetic, toothpaste, glove, 53 

cosmetic, food and beverage, sealing wax, ink, plastic film manufacturing and many 54 

other industries. Such a widespread use of calcium carbonate in many industries is due 55 

to several reasons which help: increasing product volume, improving processing 56 

performance such as regulating viscosity, rheological properties and curing properties, 57 

decreasing production cost, improving reinforcement properties and dimensional 58 

stability of products, improving appearance such as gloss finish, whiteness and 59 
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enhancing abrasion resistance and flame-retardant properties of products.  It is an 60 

essential ingredient in the construction industry. It is used in the extraction of iron in 61 

iron industry where calcium oxide produced from heated calcium carbonate in the blast 62 

furnace produces slag with impurities. Calcium carbonate is added to drilling fluids to 63 

improve formation-bridging, filter cake-sealing and density of the fluid, to swimming 64 

pools to adjust pH of water, and is also used in refining of raw sugar. Microporous 65 

ground calcium carbonate (GCC) particles are an essential ingredient in diapers and 66 

precipitated calcium carbonate (PCC) micro particles are used in latex and nitrile-67 

butadiene-based glove manufacturing. In medicine and healthcare products, calcium 68 

carbonate is used as inexpensive dietary calcium supplement, phosphate binder for the 69 

treatment of hyperphosphatemia in patients with renal failure and also as an inert filler 70 

of tablets and pharmaceuticals [1, 2]. It is quite astonishing to note that in some 71 

products such as plastic films, bottles etc. up to about 20% by mass is calcium 72 

carbonate and ceramic tile adhesives may contain up to 80% of calcium carbonate. In 73 

all these practical applications, if macro or micro particles that are currently used could 74 

be replaced by respective nanoparticles then the material requirement can be drastically 75 

reduced since nanoparticles have extremely large surface area to volume ratio. For 76 

instance 1 kg of 1 µm3 particles have the same surface area as 1 mg of 1 nm3 particles. 77 

Hence, in terms of surface area matching the material requirement can be reduced 78 

million-fold if 1 µm3 particles could be replaced by 1 nm3 particles, at these extreme 79 

ends. 80 

Calcium carbonate minerals, in their pure form, such as calcite are readily available 81 

throughout the globe but calcium carbonate also exists in mixed mineral forms such as 82 

dolomite where it is approximately 1:1 CaCO3 and MgCO3 with SiO2 impurities. We 83 

have designed and developed methods to separate calcium, magnesium and silica 84 

components using simple wet chemical procedures and we are currently engaged in 85 

scaling up of these processes. We have also developed procedures to prepare PCC 86 

nanoparticles and hydroxyapatite nanoparticles through bottom up approach of 87 

synthesizing them chemically from respective ions [3-12]. We then extended the 88 

procedures to develop various morphologies and phases of CaCO3 nanoparticles, MgO 89 

nanoparticles and their nanocomposites with various polymers.  However, almost all of 90 

the current synthetic methods developed to prepare calcium carbonate nanoparticles 91 

usually give either amorphous calcium carbonate or calcite since these two forms are 92 



the thermodynamically most stable forms of calcium carbonate. However, as far as 93 

some specific applications are concerned, calcite has some drawbacks; the major one 94 

being its rhombohedral shape. 95 

carbonate but it is spherical in shape96 

as use a very specific polymers like polyaniline [97 

we used a water-ethyleneglycol 98 

nanoparticles of vaterite. The well characterized vaterite nanoparticles were 99 

encapsulate the anticancer drug cisplatin100 

with IUPAC name of (SP-4-2)-101 

of cisplatin is given below. 102 

103 

Chemical formula of cisplatin: (SP104 

Cisplatin also known as cisplatinum, platamin, neoplatin, with the chemical formula of 105 

cis-diamminedichloridoplatinum(II) (CDDP) is a first generation of platinum 106 

coordination compound-based anticancer chemotheraputic drugs that is used to treat 107 

small cell lung cancer, ovarian cancer108 

germ cell tumours [13, 14]. It is found that cisplatin is particularly effective against 109 

testicular cancer with a cure rate of 10110 

of the coordination complex to two DNA strands and thereby crosslinking the DNA 111 

strands which triggers the cells to die in a programmed manner.112 

associated with numerous side effects which include nephrotoxicity113 

[16], nausea and vomiting [16], ototoxicity (hearing loss)114 

and haemolytic anaemia [17]. In order to circumvent these toxic effects of cisplain, we 115 

have developed a novel method in which cisplatin is encapsulated in porous CCNP and 116 

the main hypothesis of this work is taking the advantage of low pH conditions 117 

prevailing in cancerous cells. Hence, cisplatin will be released slowly at the vicinity of 118 

the cancerous cells only.  This way, only the minimum dosage required can be directed 119 

in the targeted manner to the cancer cells beside,   avoiding its toxic effects to healthy 120 

normal cells and increasing the bioavailability and the efficacy of the drug.121 

MATERIALS  122 
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All the chemicals except cisplatin were purchased from Sigma Aldrich and they were 123 

of analytical grade and used without further purification. Cisplain injection bottles 124 

containing 1% cisplatin in saline water was purchased from Sri Lanka Pharmacy, 125 

Kandy, Sri Lanka.  126 

METHODS 127 

Hollow CaCO3 nanoparticles were synthesized by the reaction between Ca(CH3COO)2 128 

and NaHCO3 in a solvent mixture of H2O and ethylene glycol (EG). This method is a 129 

modification and improvement of a similar method developed by Zhao et al. [18]. 130 

Solution A is a mixture of Ca(CH3COO)2 (25.0 mL, 0.50 M), H2O (10.0 mL) and EG 131 

(25.0 mL). Solution B is a mixture of NaHCO3 (25.0 mL, 0.50 M), H2O (10.0 mL) and 132 

EG (25.0 mL). Then, the solutions A and B were mixed slowly in dropwise manner 133 

under stirring. Stirring was continued for further 48 h and the resultant suspension was 134 

filtered. The solid mass obtained was washed first with ethanol and then subsequently 135 

with distilled water and dried at 100 ºC for 4 h in a vacuum oven. The CaCO3 particles 136 

thus obtained were characterized by Laser Light Scattering based Particle Size 137 

Analysis (CILAS Particle Size Analyser NANO DS), XRD (Siemens D5000 X-ray 138 

powder diffractometer), XRF, FT-IR (Shimadzu IR-Prestige 21 Instrument with the 139 

KBr pellet method and SEM (Environmental SEM with EXAS Facilities) studies. The 140 

BET surface area was determined by the novel BET instrument constructed in our 141 

research group. This BET system is analogous to standard BET equipment but it 142 

contains advanced detection system based on electronic circuits and purpose-built 143 

software. A detailed description of this system will be published elsewhere. In the 144 

encapsulation of cisplatin drug into the hollow CaCO3 nanoparticle, 0.50 g of CaCO3 145 

nanoparticles were dispersed in a 100 mL of cisplatin injection solution and kept 146 

stirring for 24 hours to facilitate cisplatin encapsulation. The product was subsequently 147 

separated by centrifuging followed by suction filtration and washed several times with 148 

distilled water. The encapsulation of cisplatin was confirmed by the FT-IR and XRF 149 

analyses of the products obtained. 150 

RESULTS AND DISCUSSION 151 

As shown in Figure 1, particle size analysis shows that the colloidal solution contains 152 

particles in the nano-range between 20 nm to 80 nm with average particle size of 36.9 nm in 153 

90% confidence interval.  It is interesting to note that the wet chemical synthesis gives such a 154 



6 

 

narrow distribution of non-aggregated nanoparticles of calcium carbonate which is not 155 

usually straightforward.  Therefore, the soft molecular template of hydrogen bonded network 156 

of more ethylene glycol molecules and fewer water molecules form cavities of this size [19].   157 

Ethylene glygol-water mixture forms hydrogen-bonded cage-like structures in which relative 158 

proportions of EG and water molecules depend upon the molar ratio of EG:water used. An 159 

extensive review of molecular templates and their applications in synthesizing supra-160 

molecular architectures can be found in an excellent review of Hubin et al. [19]. Chen et al. 161 

have used near Infrared spectroscopy to determine molecular structures formed in pure 162 

ethylene glycol and ethylene glycol water mixtures. They found that in pure ethylene glycol 163 

only intermolecular hydrogen bonding exists and that there are no intra-molecular hydrogen 164 

bonding. As such, hydrogen bonded cage-like structures are present in pure ethylene glycol. 165 

In EG:water mixtures the relative ratio of EG:water in inter-molecular hydrogen bonded 166 

structures depend on the EG:water molar ratio used. At high EG content more EG molecules 167 

than water molecules are present in these structures forming very strong H-bonding [20]. 168 

 169 

Figure 1: Particle size distribution of CaCO3 nano-spheres. 170 

 171 
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The cavity size of these cages depends upon the number of molecules present in these cage-172 

like structures. These cage-like structures present in EG:water mixtures can act as soft 173 

molecular templates for controlled growth of nanoparticles. Since, the cavities in these 174 

structures are mandatorily spherical in size, these soft templates can be used to synthesize 175 

spherical nanoparticles. This is the reason for the formation of spherical nanoparticles of 176 

calcium carbonate in its vaterite phase despite the fact that vaterite is not as stable as calcite 177 

in terms of thermodynamic considerations. Ethylene glycol molecules also reside inside the 178 

nanoparticles formed. Upon removal of them cavities are formed within the nanoparticles.  179 

The SEM images of such hollow nanoparticles of vaterite formed are shown in Figure 2. The 180 

SEM images clearly show that the sample contains spherical particles of nano-range but 181 

clustered into aggregated particles. This clustering might have happened during deposition of 182 

particles onto glass surface for SEM analysis. As is evident from particle size determination 183 

of the suspension, discrete particles are present in the suspension. The morphology of the 184 

particles show a good porous nature. The BET surface area determination gives 1200 m2/g 185 

indicating that the particles have a huge surface area possibly due to their porous nature. 186 

 187 

 

 

Figure 2: SEM image of aggregated CaCO3 nano-spheres. 190 

As evident from the FT-IR spectrum, provided in Figure 3, absorption bands at 877, 745.8 191 

and 1084 cm−1 confirm the presence of the vaterite polymorph of CaCO3. No absorption 192 

bands at 854, 712, 700 cm−1 and 848, 714 cm−1 corresponding to aragonite and calcite, 193 

respectively, are present. Since vaterite is the most unstable form of CaCO3, it is very 194 

interesting that our procedure produces and stabilizes this unstable vaterite form rather than 195 



forming stable calcite form. The use of molecular soft templates formed by hydrogen196 

EG and water molecules direct the vaterite formation allowing to crystallize in197 

manner.  198 
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Figure 3: FT-IR spectrum of the synthesized calcium carbonate nanoparticles.208 

XRF of the CaCO3 nanoparticles synthesized detects only Ca in our sample since our XRF 209 

machine is incapable of detecting elements with atomic number less than 13. Hence it shows 210 

that the product formed is free of impurities containing elements with atomic number higher 211 

than 13. We have further characterized the calcium carbonate nanoparticles prepared in this 212 

work using X-ray diffractometery and the X213 

Figure 4. As can be seen from Figure 4, the sample contains basically vaterite as 214 

phase. The XRD peaks of vaterite and calcite are indicated within the diffractogramme. As 215 

evident from the XRD, a very small fraction of calcite particles can also be observed though 216 

the percentage abundance is negligible compared to that of vate217 

of the Debye-Scherrer Equation to the major XRD peak gives the crystallite size to be 28.0 218 

nm. This is very close to the average particle size obtained by the laser light scattering based 219 

particle size analysis. This may be 220 

detect the calcite. The presence of a minute fraction of calcite is not surprising since it is the 221 

thermodynamically most stable phase of calcium carbonate and the presence of these 222 

nanoparticles have no adverse effect on the encapsulation of cisplatin. 223 
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thermodynamically most stable phase of calcium carbonate and the presence of these 

adverse effect on the encapsulation of cisplatin.  
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Figure 4: X-Ray Diffractogramme of synthesized calcium carbonate nanoparticles.235 

The encapsulation of cisplatin within these hollow nanoparticles of vaterite was performed by 236 

stirring the nanoparticles in the cisplatin injection solution (cisplatin in saline solution) as 237 

explained in the Experimental Section. The presence of cisplatin in these nanoparticles was 238 

studied through FT-IR, X-Ray Fluorescence (XRF)239 

Ray Spectroscopy (EDX) of SEM analysis. 240 

The FT-IR spectrum of the encapsulated product obtained [Figure 241 

presence of N-H antisymmetric and symmetric stretching vibration 3373 cm242 

N-H wagging together with CO3243 

1590 cm-1  and wagging oscillation broad transmittance band 800 cm244 

bands that are reported for hollow nanoparticles of CaCO245 

absorption bands at 871 cm-1 show246 

data suggest the encapsulation of cisplatin in hollow CaCO247 
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Figure 5: FT-IR spectrum of cisplatin encapsulated CaCO248 

The XRF spectrum of the cisplatin 249 

elicits the presence of Ca, Pt and Cl with the Pt:Cl atomic ratio of 1:2.5 showing that cisplatin 250 

maintains its identity in the confined environment also. Ideally, the ratio should be 1:2 but the 251 

presence of excess chloride in saline solution would encapsulate free chloride ions also thus 252 

increasing the chloride content. XRF data suggest the encapsulation of cisplatin in hollow 253 

CaCO3.  254 

cisplatin encapsulated CaCO3 nanoparticles.  

The XRF spectrum of the cisplatin encapsulated CaCO3 product shown in Figure 

elicits the presence of Ca, Pt and Cl with the Pt:Cl atomic ratio of 1:2.5 showing that cisplatin 

maintains its identity in the confined environment also. Ideally, the ratio should be 1:2 but the 

e of excess chloride in saline solution would encapsulate free chloride ions also thus 

increasing the chloride content. XRF data suggest the encapsulation of cisplatin in hollow 
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elicits the presence of Ca, Pt and Cl with the Pt:Cl atomic ratio of 1:2.5 showing that cisplatin 
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e of excess chloride in saline solution would encapsulate free chloride ions also thus 

increasing the chloride content. XRF data suggest the encapsulation of cisplatin in hollow 
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 255 

 256 

Figure 6: XRF spectra of cisplatin encapsulated CaCO3 nanoparticles. 257 

The X-Ray Diffractogramme of the cisplatin encapsulated vaterite nanoparticles is shown in 258 

Figure 7. It also contains vaterite as the major component with minute fractions of calcite and 259 

sodium chloride. The presence of cisplatin cannot be determined from the XRD since 260 

cisplatin is present in molecular form within the confined environment of pores of vaterite 261 

nanoparticles in non-crystalline form. However, FT-IR and XRF studies complement this 262 

showing the presence of cisplatin in encapsulated nanoparticles. The encapsulation has not 263 

affected the crystallinity and crystallite size of vaterite nanoparticles. The crystallite size 264 

calculated using the major XRD peak is 29.2 nm which is same as that without cisplatin 265 

encapsulation. Hence cisplatin moecules occupy the free spaces of hollow nanoparticles of 266 

vaterite without changing the particle dimensions. The SEM images of the encapsulated 267 

product are shown in Figure 8.  268 

 269 



 270 

 271 

Figure 7: The XRD of cisplatin encapsulated vaterite nanoparticles.272 

 273 

274 

Figure 8: SEM images of cisplatin encapsulated vaterite nanoparticles.275 

Figure 7: The XRD of cisplatin encapsulated vaterite nanoparticles. 

Figure 8: SEM images of cisplatin encapsulated vaterite nanoparticles. 
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The SEM images are quite similar to those obtained for vateite nanoparticles without 276 

cisplatin encapsulation. This shows that vaterite form of calcium carbonate is 277 

preserved even after the cisplatin encapsulation. It is interesting to note that the EDAX 278 

analysis does not show Pt, Cl or N in the cisplatin encapsulated vaterite nanoparticles 279 

though XRF clearly shows the presence of Pt and Cl and FT-IR gives evidence to the 280 

presence of N. Both XRF and FT-IR are bulk analytical techniques that measure the 281 

composition of the bulk sample. However, SEM analysis is a surface analytical 282 

technique detecting a few micrometer width from the surface and therefore EDAX 283 

detects the elements present close to the surface of the vaterite nanoparticles. Since the 284 

elements of cisplatin cannot be detected within this depth of the surface and bulk 285 

techniques detect them it can be concluded that cisplatin is present deep inside the 286 

particles at least deeper than 1 µm width from the surface. It is also intriguing that both 287 

the XRD and the light scattering based particle size analysis show 29 nm particle size 288 

the SEM show micrometer size particles. This is because in the absence of any 289 

protection these small nanoparticles attract to each other and form aggregates. When a 290 

large number of these nanoparticles assemble into aggregates cavities or hollow 291 

volumes are formed. These cavities actas hosts to reside cisplatin molecules. This is a 292 

clear evidence to prove that cisplatin is encapsulated in the centres of nanoparticles.  293 

As a rough estimate, we find that 85.3% of cisplatin is encapsulated from 50.0 mL of 294 

cisplatin injection solution within 0.5 g of vaterite nanoparticles. We are currently 295 

carrying out more detailed study on encapsulation efficiency and release kinetics in 296 

buffered solutions of different pH values.  297 

FUTURE WORK 298 

Mechanistic study for administration of our nanoparticle formula in vitro and in vivo 299 

studies to confirm our hypothesis. 300 

CONCLUSION 301 

In this work, we developed a facile method for the synthesis of hollow spherical 302 

nanparticles nanoparticles using precipitation reaction of NaHCO3 with Ca(CH3COO)2 303 

in H2O/EG media. The colloidal solution prepared contain three sizes of particles in the 304 

nano-range with very narrow particle size distribution. These hollow nanoparticles 305 

were found to successfully encapsulate cisplatin molecules. Cisplatin retains its 306 

chemical identity within the confined environment.  307 
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