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ABSTRACT
Calcium carbonate microparticles with a unique biconvex pill shape were produced by simply

ageing the prerefrigerated (4'C,24 h) CaCl2-gelatin-urea solutions at 70oC for 24 h in glass media
bottles. Gelatin is known to b^e the denatured collagen. Thermal decomposition of dissolved urea was
exploited to provide the Ca'- ion and gelatin-containing solutions with aqueous carbonate ions.
Monodisperse CaCO3 micropills formed in solution had the mean particle size of 4+2.5 pm. CaCOj
micropills were typically biphasic in nature and consisted of 93%o vaterite and 7Vo calcite. Identical
solutions used without prerefrigeration yielded only trigonal prismatic calcite crystals upon ageing at
70"C for 24 h. Prerefrigeration of CaCl2-gelatin-urea solutions was thus shown to have an unusual
effect on the particle morphology. Samples were characterized by scanning electron microscopy
(SEM), Fourier-transform infrared spectroscopy (FTIR) and powder X-ray diffraction (XRD).

INTRODUCTION
CaCO3 (calcium carbonate) is an important material of marine and geological biomineralization

processes. CaCO3 powders are widely used in rubber, plastic, paper making, printing ink, cosmetlcs,
toothpaste, and food industries. Calcium carbonate has three anhydrous polymorphs; calcite, aragonite
and vaterite. Amorphous calcium carbonate (ACC) may also be added to the polymorph list as the
fourth component []. Calcium carbonate monohydrate and calcium carbonate hexahydrate may be
regarded as the fifth and sixth CaCO3 polyrrorphs [2]. At the ambient temperature and pressure, calcite
is the most stable and abundant polymorph of calcium carbonate, while vaterite (p-CaCO3), named
after Heinrich Vater [3], is known t0 be the least stable among the anhydrous polymorphs.

Vaterite has a higher aqueous solubility than calcite and aragonite [4]. The log(Kj values for
calcite, aragonite and vaterite were experimentally determined by De Visscher and Vanderdeelen [5].
Vaterite is rare in nature, perhaps owing to its instability, as it would readily convert into one of the
more stable calcium carbonate phases [6-8]. However, Grasby [9] discovered micron-sized spheres of
vaterite at a supraglacial location in the Canadian High Arctic at very low temperatures. Vaterite was
known to be a mineralization product in the egg-shells of some gastropodia [0], the spicules of certain
sea squirts [ 1], and the skeletons ofwoodlice [2].

By using the method of CO2 gas bubbling through an aqueous solution of Ca-chloride (or Ca-
nitrate), either well-crystallized rhombohedra of calcite or spheres of vaterite could be produced fi3-
l5l. Han et al. |51 reported that the higher the concentration ofCO3'-, the higher will be the tendency
for formation of vateritb rather than its dissolution and gradual tran^sformation into calcite. Using
dissolved sodium carbonate (either NazCOt or NaHCO3) as the CO3'- source, in place of CO2 gas
bubbling, was anothbr practical option to produce vaterite or calcite crystals [16-18]. CaCO3 spheres
were also grown in a desiccator via slow diffusion of CO2 released by the decomposition of (NHa)2CO3
crystals placed at the bottom of the same desiccator, which also contained a glass dish with CaCl2
solution [9].

Urea (NH2CONH2) was used (instead of COz gas bubbling or Na2CO3, NaHCO: and
(Ntl+)zCOr additions) to produce calcium carbonate powders 120-261. Wang et a/. [21] synthesized
non-agglomerated calcite (trigonal), vaterite (spherical) and aragonite (needle-like) particles by using
the decomposition ofurea in CaC12-containing aqueous solutions (50 to 90'C).
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Wakayama et al. [27] immersed chirosan-coated glass slides into a solution of Ca-acetated

polyacrylic 
".ia 

pee; in thi presence of zupercritical CO2 at 50'C and76.5kg/cm'(7.5 MPa) ad

oUr.*.i the formation of heavily agglomerated but "pill-like" particles of vaterite deposited on tb

chitosan-coated glass slides.
Attempts to crystallize CaCO3 in the pres€nce of gelatin (or collagen) were found to be raftcr

limited [28-36]. Moreover, none of these studies utilized aqueous Ca'*-gelatin "solutions" as thci

calcium carbonate synthesis media.
To the best of our knowledge, there was no study in the literature on the in sltr.r hydrothernd

synthesis of CaCO: in Ca2* ion-containing aqueous solutions which simultaneously have gelatin ad

urea.

reports, for the first time, the synthesis of micropills of CaCOr.

EXPERIMENTAL PROCEDURE

oven at 37"C. overnight in air.

Syrnthesis of CaCOr microPills
A freshly prepared portion (200 mL) of CaCl2-gelatin-urea solution was placed in a 250 mL-

capacity ry."* .eaiu bottle, tightly capped and then refrigerated (at 4"c) for 24 h. The pH of the

reirigerated solution was measured to be 6.5 (at 6"C). One piece of microscope cover glass was

dropled into the bottle and made sure that it laid flat at the bottom ofthe bottle. The bottle was capped
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:nd placed into a microprocessor-controlled oven pre-heated to 70oc, and kept there undisrurbed forl-l hours At the end of 24 h (solutionpH was 7.5 at68-69"C), ttt. uoni. *"Joi.".a 
""0 

the white--'oated cover glass was removed, and washed with an ample supply of deionized water, followed byrnsing with ethanol. The cover glass was dried in an aii ut o.ph... *.n ri-iz.c, ovemight. For'urther analyses, the white powdery material coating the.cover glass was gently scraped offby using a:lean and sharpr rzor blade- The bottom of the glasibottle was also coated with the same material.sample Charaotorization
Samples were characterized by powder )

Sunnyvale, CA), scanning electron miciosconv
iourier-rransform infrared spectroscopy lFTIlii lr
.amples for SEM and XRD analyses (scraped off
:n an agate mortar by using an agate pestle and
quartz sample holders to form a thin layer, follou
\-ray diffractometer was operated at 40 kV and .

collected with a step size of0.03. and a preset time
rund in a mortar, in a manner similar to that used in
rixed with KBr powder in a ratio of I : 100, followed
128 scans were performed at a resolution of 3 cm_I.

,f:n:,TJ"*"ope 
(SEM) were sputter-coated with

RESULTS AND DISCUSSION

. - - . 
Heating of as-prepared and prerefrigera ted (24 h at 4.C) CaCl2-gelatin-urea solutions at 70.Cfor 24 h resulted in the nucleation of calcim .urbonut. crystals with two different morphologies.while the as-prepared solutions were._nucleating trigonal prismatic crystals, the prerefiigeratedsolutions produced monodisperse micropills.
The compararive SEM photomicrograp

morphology upon prerefrigeration. Figures la_1b, 1
Figures la, lc and le showed the cilcium carbor

t method directly on.the SEM photomicrographs.
the as_prepared solutions was 7i1.5 pm 1flgs. la,

f :.::'.:1'.T,-;;iJ,f ,t#; :T#'::,-::;i::l
Some ofthe trigonal prismatic calcium carbonate.crystals showed very flat surfaces (asshown in Fig's la and le), and these flat surfaces were considered to be created in direct contact withthe glass surfaces, on which the initial ptrase separarioh occuned. s""t fl;;;;;;"r"on 

"ut.it. "ryrtut,were also_ observed by Didymus 
"t 

it. 7lsi1. In the case of micropilrs f";id i-n prerefrigeratedsolutions (Figures rb, ld, 10, the simurtaneous observation of smalrit pm in aia'meie4 and large (5pm) pills indicated the presence ofseveral different nucreatlon events/waves in progress.
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Fig. 1
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SEM photomicrographs of CaCO3 particles produced after ageing at TOiC for 24 h;

(a), (c) and (e): from "as-prepared" CaC12-gelatin-urea solutions

(b), (d) and (f): from "prerefrigerated" (4"C,24 h) CaC12-gelatin-urea solutions

strongest reflection of the calcite phase, i e , (l 04)
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Fig.2 XRD data of CaCO3 particles produced after ageing at 70"C for 24 h;

(a) from "as-prepared" CaC12-gelatin-urea solutions (single_phase calcite)
(b) from "prerefrigerated" (4"C,24 h) CaCl2-gelatin-urea solutions (biphasic vaterite-calcite,

the only calcite peak was indicated by C)
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Fig. 3 FTIR spectra of CaCOr particles produced after ageing at 70"C for 24 h;

(a) fiom "as-prepared" CaCl2-gelatin-urea solutions

iUy to-,,preiefrigerated" (4"C,24h) CaCl2-gelatin-urea solutions (arrow indicates the

characteristic splitting for vaterite)

The amount of calcite phase present in the monodisperse micropills was determined by using

both the XRD and the FTIR daia according to the methods suggested by Rao [13, 43] and Andersen

and Kralj [44], respectively, and the calcite phase was present at about 7+1%. Tberefore, the

monodisperse micropills were biphasic in nature, i.e.,93% vateite-'7o/o calcite.

The readers who would be more enthusiastic in leaming the decomposition kinetics of ure4

in aqueous solutions containing metal ions, are hereby referred to the detailed works of Willard and

fanj 1+S1 and Mavis and Akinc [46], which also gave the stepwise decomposition reactions written in

full. Tie ageing temperature was deliberately maintained low at 70'C in this study (in contrast to the

use of mor-e.o:-nlon 90.C t46]) to avoid the instantaneous and rap'id decomposition of urea, and to



G

E

E
F

vaterite Bioceramics: Monodisperse caco3 Biconvex Micropirs Forming at 70"c

:re gelatin below irs melting temperature (where the)red structures of the gelatin molecules woutA be re_rtially revert to the ordered triple helical 
"offug"n_

2000 ieoo 1s0o 17oo 1600 lsoo,r'o, iil;;,;';;[JTilH 800 700 600
Wavenumber (cm'')

i;ft ru :ig:'lT ff ::::"f T:i":,'::_ph^. composition or caco: micropils
l lruence or gelatln concenfation on the phase composition of CaCO3 micr

[i\N:y?{;'l I Y **, 0 r0 g geratin, p."'#;;; 4"c,70"c,24 hl:1 N :y 2:t;, I I y "*,,,, ; ; ;;i",d ;;;;';# ;; ; :t, ;N:8, ;l X(c) 0.a M ca2* , 0.s M urea', 0.25; ;;i;;;: ;;;;";:,:;::;:Z', ;X:2, :li
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resulted in inuch purer vaterite powders. The SEV photomicrographs given in Fig. 5 depicted thc
morphology of biconvex vaterite micropills obtained by'using a solution of 0.4 M Ca", 0.5 M urea and
0.1 g gelatin (in a total water volume of 200 mL).

Fig. 5 SEM photomicrographs of vaterite biconvex pills (at increasing magnifications) formed in a

solution containing Q.4 M Ca'- ,0,5 M urea and 0,1 g gelatin, following prerefiigeration at 4"C

and heating at70"C for 24h

It was previously reported that it would be possible to synthesize aragonite rods in CaCl2-
urea solutions free ofgelatin [21, 55]. In this study, we have also observed the formation ofneedleJike
aragonite particles, containing rectangular-prismatic calcite crystals, when we simply eliminated
gelatin from the synthesis solutions which produced the above-mentioned micropills. These solutions
were again heated at 70"C for 24 h. Obviously, prerefrigeration ofthese solutions had no effect on the
observed morphology of the aragonite rods in situ formed. Fig. 6 depicted the characteristic FTIR
spectrum ofthe aragonite-calcite biphasic powders ofthis study, whereas the SEM photomicrographs

ofthe same aragonite-calcite biphasics were reproduced in Fig. 7.
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Wavenumber (cD-7)

Fig. 6 FTIR spectra of aragonite-calcite biphasics formed at 70.c in 0.4 M caz*,0 5 M urea sols
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E

Fig. 7 SEM photomicrographs of aragonite-calcite biphasic powders (at increasing magnifications)
formed in a solution containing 0.4 M Ca2' and 0.5 M urea, following prerefrigeration at 4"C
and heatins at 70'C for 24h
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Would the extent of renaturation of gelatin from "random coils"-to-"triple

conformation (by prerefrigeration at 4oC for 24 h) and the thermal stability (while ageing the

at 70.C for 24 h) of the formed helices be enhanced by the presence of urea? If so, would this place a

light on the formation of vaterite micropills? How does the ratio of random coil to triple helicd

cJnformation affect the carbonyl environments in gelatin? These could be the topics offuture research.

Monodisperse CaCO3 micropills presented here, b^esides forming a practical example for i

vitro biomineralization processes in urea-, gelatin- and Ca2* ion-containing matrices, may also find t

number of applicationJ in biomedical, pharmaceutical, cosmetics, poll'rner, rubber, paper and iil

industries.

CONCLUSIONS

rectangular-prismatic calcite crystals following ageing at 70"C for 24 h.

NOTES
The names and models of certain commercial equipment, instruments or materials are identified in this paper o
enhance under'standing. Such identification does not imply.any recommendation or endorsement by the author'
nor does it imply that the equipment or materials identified are necessarily the best available for the purpose.
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