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Biomimetic growth of flower-like calcite morphology
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ABSTRACT

The crystal growth of calcium carbonate was investigated in presence of
para-Aminobenzoic acid (PABA) at different experimental conditions. Cal-
cite phase with new flower-like morphology was obtained biomimetically at
room temperature after 24 hrsof crystal growth at pH 8.0 and 0.2mM concen-
tration of PABA. On the other hand complex bundles of plate-like nano
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subunitswere dominant at pH 3.0. PABA played animportant rolein direct-
ing the crystal phase and growth morphology of calcium carbonate. The
products were characterized by Scanning Electron Microscopy (SEM) and

Powder X-ray diffraction (XRD) analysis.
© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

In Nature, organismsfabricatefascinating sructures
such asshells, bone, and teeth specifically designed to
provide mechanical support and protection via
biominerdisation™. Biominerdisationisahighly com-
plex phenomenoninvolving molecular interactionsoc-
curring at theinterface between theinorganic mineral
and the macromolecular organic matrix for finetuning
the deposition of biomineralg%4. Much attention has
been paid during recent yearsto adapt the biominerdi-
sation processesto generate new materialswith con-
trolled morphol ogiesand uniquestructural complexity™
8, Calcium carbonate is one of the mostly studied
biominerals, because of its high abundanceandrich
polymorphism, and it has been widely used asamodel

minerd inbiomimeticchemigtry. Applicationsof cacium
carbonate have been focussed on biomedicd fieldg9
such asdrug ddivery, treatment of dry eyeetcin addi-
tionto usein coatings, plastics, alloysand catalysts.
Cdcium carbonateoccursinthreemain crystaline poly-
morphs(calcite, vaterite, and aragonite), two hydrated
crystd forms(cal cium carbonate monohydrateand cal-
cium carbonate hexahydrate), and al so asamorphous
meterid.

Inliterature, different biomimetic goproachesto con-
trol themorphol ogy of calcium carbonateusing avari-
ety of additivessuch asamino acids™ peptides*?, pro-
teind®¥, biopolymerd¥ carboxylaterich carbonaceous
materia™, lecithin liposome organic template*® and
biomol ecules of lotusroot!*” have been reported. Itis
now wel| established that the additiveswith carboxy-
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late moities can effectively control the morphology of
calcium carbonate by occupying carbonate sitesduring
crystal growth under different reaction conditiong 29,

Previoudly we have reported the synthesis of dif-
ferent polymorphsof cal cium carbonate using various
carboxylaeadditives(ma onate, succinate, gluterateand
adipateetc) by varying thereaction conditions, such as
temperature and concentration?!, Specificaly, theuse
of apolycarboxylatetemplate namely 1,3-diamino-2-
hydroxypropane-N,N,N’,N’-tetraacetate has generated
calcite microtrumpets?? which are mimicking the
coccoliths of an unicelular algae, Discosphaera
tubifera. In thismanuscript, we demonstratetherole
of para-Aminobenzoic acid (PABA) as an additive
during mineralisation of ca cium carbonate. In continu-
ation of our effortsin the process of biomineraisation,
wefound new flower-likemorphol ogy by theinfluence
of PABA. PABA isanaturally occurring compound,
foundinliver, kidney, wheat germ, bran, and yogurt.
Furthermore, PABA isinvolved in different biochemi-
cd reactionsinliving syssems®, Hence, we have opted
PABA for biomimetic growth of calcium carbonate.
SincePABA iscongsting of both corboxylateand amino
functionditiesand ogousto aromaticamino acids, asmi-
lar functionisexpected to control the nucleation and
growth of calcium carbonate minerd.

EXPERIMENTAL

Theminerdizationwas carried out by asow CO,
gaesdiffusiontechnique. 2.0 mmol of CaCl, (0.294g) in
10ml distilled water wastaken dongwith different pro-
portions of para-Aminobenzoic acid (0.02mM,
0.04mM, 0.1mM and 0.2mM) inacell culturedish.
Thedisheswerecovered with parafilm and 2to 3holes
weremade, so that the carbon dioxide could beintro-
duced to the solution viavapour diffusion. Thedishes
werethen placed in the desi ccator contai ning ammo-
nium carbonate (CO, source) for 24 hoursat room tem-
perature (25+1°C). The crystal growth processinthe
solutionswasinitiated at three different pH values of
3.0, 6.0 and 8.0. 0.1M NaOH solution was used to
maintain the pH. Further, at each pH valuethegrowth
processwas monitored by using different concentra-
tionsof PABA (0.02mM to 0.2mM). After completion
of thereaction, the crystal swerefiltered, washed sev-
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erd timeswithdistilled water and dried at ambient tem-
perature. Powder X-ray diffraction (STOE system op-
erating with monochromated Cu Ko, radiation) and
Scanning Electron Microscopy were used for charac-
terization of products.

RESULTSAND DISCUSSION

Thecrystal growth process of calcium carbonate
was initiated at three different pH valuesof 3.0, 6.0
and 8.0 by PABA additive. In addition, at each pH
vauethegrowth processwasfurther monitored by us-
ing different concentrations of PABA (0.02mM,
0.04mM, 0.1mM and 0.2mM). Three polymorphs of
calcium carbonatei.e., calcite, aragonite and vaterite
were observed under the above mentioned experimen-
tal conditions. However, inthe absenceof PABA, the
thermodynamically most stableregular rhrombohedral
calcitewastheonly phase observed. Inall theabove
experiments areaction period of 24 hrswasfound to
be gppropriateto notethe changesinthecrysta growth
of calcium carbonate.

Remarkable effects on the evol ved morphol ogies
were observed by varying both the concentration of
PABA and pH. When the solution starting pH was 3.0
and PABA concentrationwas0.04mM, truncated rhom-
bohedrd ca citemorphol ogy (Figure 18) was obtai ned.
On the other hand, at same pH, when the concentra-
tion of PABA was increased to 0.2mM, beautiful
bundlesof vateritenano platesalong withtracesof ca-
citewereproduced (Figure 2b). Mixed phases of cal-
citeand aragonitewereresulted at pH 6.0 with differ-
ent concentrationsof PABA.

Interesting trangtionsin the crystal morphology of
cal cium carbonate were noted in the experiments car-
ried out at pH 8.0. At lower concentrationsof PABA
(0.04mM), the growth of flower shaped calcite was
initiated from elongated truncated calcite crystalsas
shown infigure 2a, which however wasnot completed.
Presumably, the concentration is not sufficient to con-
vert thetruncated rhombohedral calcitetofully grown
flower-like calcite. Whereasat higher concentrations
of PABA (0.2mM), completely grown ca citeflowers
wereseen (Figure2b & 2¢). A stepwisegrowth of pet-
alsof caciteflower wasa so recorded in SEM study
and depictedinfigure2d.
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found at pH 3.0. (a) truncated calcite crystals at PABA
concentration 0.04mM, (b) vaterite nano plates PABA
concentration 0.2mM
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Figure 2 : SEM images of flower-shaped calcite super
strucutres(a,b,c). Sepwisegrowth on petalsof calciteflower (d)
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Figure3 : X-ray powder patternsof thecalcium car bonate
(c=calcite)

Ingeneral, organic additives or templatesinteract
withthereacting speciesether in solution or a thestep
edge during the crystal growth processand direct the
crystal morphology*®*?4. However, the growth of
flower-like cal cite structures appear to beacomplex
phenomenon. Theionisation of both carboxylic and
amino groups mainly depends on the pH vaue of the
reacting medium. Theionisation constant, pKaof PABA
i154.65. So at higher pH the carboxylate group from
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PABA was effectively complexed with Ca?* 1, Ina
similar way carboxylategroup of PABA interactswith
cal cium and occupy the carbonate sitesin the growing
cacium carbonate crystals. Presumably, thiscould be
dueto the accumulation of PABA moleculesfromall
{104} facesand eventually extendsthe growth out-
ward from al the edges, thereforeit gradually grows
likeapeta with time, leading to thefina flower-like
crystas. Figure 3 showsthe Powder XRD patterns of
crystdlineflower-likecalcite phase.

CONCLUSION

Inconclusion, para-Aminobenzoic acidusedinthe
present study could be an effectiveorganic additivein
mimicking thebiomineraisation. InadditiontothepH,
the concentration of PABA wasalso found to control
the crystal growth process of calcium carbonate. At
any given pH, better crystal growth processwas ob-
served by using higher concentrationsof PABA. While
thecrysta growthinitiated at lower pH (3.0) produced
dominant vaterite phase of bundles of plate-like nano
subunits, afully grown flower-like calcitewas devel -
oped only at higher pH value (8.0). Itiswell-known
that theacidic proteinsin living systemscan direct and
modify thecrystd growth and morphology. Since PABA
ishaving carboxylateand amino functiondities, asmi-
lar function could be possibleduring the crystal growth
of cdcium carbonate. However, further effortsarenec-
essary to better understand the growth of the mecha
nism mentioned abovein the presence of PABA.
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