
American Journal of Materials Science 2012, 2(1): 5-13 
DOI: 10.5923/j.materials.20120201.02 

 

Shape Controlled Synthesis of Barium Carbonate 
Microclusters and Nanocrystallites using Natural 

Polysachharide – Gum Acacia 

B. Sreedhar1,*, Ch. Satya Vani2, D. Keerthi Devi1, M. V. Basaveswara Rao3, C. Rambabu2 

1Inorganic and Physical Chemistry Division, Indian Institute of Chemical Technology (Council of Scientific and Industrial Research), 
Hyderabad 500607 Andhra Pradesh, India 

2Department of Chemistry, Acharya Nagarjuna University P.G. Centre, Nuzividu-521201, Andhra Pradesh, India  
3Department of Chemistry, Krishna University, Machilipatnam-521001,Andhra Pradesh, India  

 

Abstract  Different morphosynthesis strategies for BaCO3 using natural polysaccharide-gum acacia (GA) as templating 
species are presented. The influence of GA with different functionalities such as –OH, –COOH and -NH2 on the crystalli-
zation and structure formation was investigated. Some interesting morphologies, including rods, dumbbell, double-dumbbell 
and flower like clusters, can be readily generated by using GA as cooperative modifier in the mineralization process, under 
the conditions of 0.5%, 1% of templating species and at ambient temperature. The modifier GA and its concentration is the 
key factor in this system. In continuation, morphology was also examined for mixed metal carbonates (Ba-LaCO3, 
Ba-TbCO3). The possible formation mechanism of the nanocrystallites is discussed. Structural characterization of the syn-
thesized materials was investigated by Powder X-ray diffraction (XRD), Scanning Electron Microscopy (SEM), Energy 
Dispersive Analysis (EDAX), Transmission Electron Microscopy (TEM), Thermogravimetric analysis (TGA) coupled Mass 
(MS) and Fourier Transform Infrared spectroscopy (FT-IR). 
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1. Introduction 
The study of mineral formation in biological systems, 

biomineralization, provides inspiration for novel approaches 
to the synthesis of new materials. Biomineralization relies 
on extensive organic-inorganic interactions to induce and 
control the synthesis of inorganic materials. In recent years, 
bioinspired morphosynthesis of crystals with hierarchical 
forms in the presence of organic templates having complex 
functionalizing patterns have been explored widely so as to 
mimic natural biominerals[1-6]. Among a variety of con-
struction methodologies of functional materials, patterned 
crystal arrays of organic[7], inorganic[8,9] and their hybrid 
crystals[10,11], have received considerable attention in re-
cent years for their diverse application potential in areas 
such as catalysis, medicine, pigments, cosmetics, separation 
technology[12,13], nano-devices[14] and find diverse ap-
plications in nanotechnology[15,16]. 

Nanostructural materials have become attractive because 
of their unique characteristics that can hardly be obtained 
from conventional bulk materials owing to their quantum  
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size and surface effects. So, there has been considerable 
interest in fabrication of low-dimensional nanosized materi-
als such as nanowires, nanorods and nanotubes. Several 
processes have been explored in the literature for the syn-
thesis of nanomaterials. These processes involve both 
physical and chemical methods[17-20]. Various artificial 
complexations have been investigated as models of biomin-
eralization using modifier agents , e.g., urease[21], nitrilo 
triacetic acid, citric acid[22], poly(acrylic acid) (PAA)[23], 
poly(methacrylic acid) PMMA, poly(ethylene glycol) PEG 
[24], poly(allylamine hydrochloride) PAH, poly (sodium 
4-styrene sulfonate) PSS[25], (cetyl trimethyl ammonium 
bromide) CTAB[26]. These modifying agents have also 
been thought to control the polymorph of the barium car-
bonate clusters. However, the characterization of these na-
tive and modifier agents on the crystal surface is still un-
clear.  

BaCO3 has attracted a lot of recent research[27-30] due 
to its close relationship with aragonite, a prevalent and im-
portant biomineral, with many important applications in the 
ceramic and glass industries as well as its use as a precursor 
for magnetic ferrites and/or ferroelectric materials[31]. 
Barium carbonate (BaCO3) is also used as a precursor for 
producing superconductor and ceramic materials[32] and 
other important applications in optical glass and electric 
condensers[33]. Therefore, in the present study, we report 
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the synthesis and characterization of BaCO3 nanocrystallite 
using natural polymer, gum acacia. 

Polymer-mediated mineralization of inorganic materials 
has been the subject of intense research because polymers 
have been found to dramatically influence the characteris-
tics of an inorganic precipitate. The ability to influence the 
morphology and phase of an inorganic precipitate has im-
portant technological implications[34], because some 
physical properties of crystalline materials such as the bril-
liance of color pigments or the dielectric function of elec-
troceramics depend on crystal habit, grain size, grain size 
distribution, impurities, or content of polymorphous modi-
fications. Control of nucleation, crystal growth, and organi-
zation of crystals to a superstructure (“texture”) make these 
physical properties tunable and are thus important for tech-
nical application[35].  

The present investigation deals with the influence of 
Gum Acacia a natural polysaccaharide as templating spe-
cies for the formation of BaCO3 nanocrystallites self- as-
sembling into microclusters.  

Gum Acacia is a natural gum made of hardened sap de-
rived from Acacia Senegal and Acacia Seyel. GA consists 
of mainly three fractions (1) The major one is a highly 
branched polysaccharide consisting of β-(1-3) galactose 
backbone with linked branches of D-galactose (38%), 
L-arabinose (45%), L-rhamnose (4%), which terminate in 
D-glucuronic acid (7%), and 4-O-methyl-D-glucuronic acid 
(6%). (2) A smaller fraction (~10 wt % of the total) arabi-
nogalactan–protein complex (GAGP–GA glycoprotein) in 
which arabinogalactan chains is covalently linked to a pro-
tein chain through serine and hydroxyproline groups. The 
attached arabinogalactan in the complex contains ~13% (by 
mole) glucoronic acid. (3) The smallest fraction (~1% of the 
total) having the highest protein content (~50 wt %) is a 
glycoprotein which differs in its amino acids composition 
from that of the GAGP complex. Here the functional groups 
namely, hydroxyl (-OH) present in arabinose and rhamnose 
and carboxylic (-COOH) in glucoronic acid play a crucial 
role in the growth and formation of metal carbonates 
whereas the proteinaceous core in amino acids stabilizes the 
formed metal carbonates[36]. It not only acts as a stabilizer 
[37], but also acts as surfactant and templating agent for 
which the functional group moieties (–OH, COOH & -NH2) 
have been found to play a key role in mimicking the 
biomineralization process. The crystallization involves the 
formation of different hierarchical structures like rods 
through dumbbell to flower shaped which have never been 
seen before in natural biominerals. Proteins and polysac-
charides with complicated patterns of various functional 
groups in GA selectively adsorb on to the metal ion thereby 
hindering the crystal growth, followed by the mesoscale 
self-assembly of nanometer-scale building block into hier-
archial superstructures[38-42]. The key reaction of CO2 
with Ba2+ ions entrapped within GA polymer leads to the 
growth of beautiful structures of witherite nanocrystalline, 
such an aggregated morphology not normally observed us-
ing other surfaces as templates. This templating species 

composed of many anionic moieties, which interacts 
strongly with ions, crystal surfaces. Functional, water- 
soluble polymers with the ability to bind ions and crystals 
play a major role as scale inhibitors crystal faces and thus, 
promotes the crystal growth. This species also strongly 
modify the morphology of growing crystals in an interesting 
manner. Indeed, in the presence of such templating species, 
the nucleated crystals may adopt a variety of shapes. The 
interacting part of the GA (–OH, COOH & -NH2) can be 
selected or designed in such a way that it specifically ad-
sorbs to a certain crystal face. The proteins and inorganic 
ions regulate the phase of the deposited mineral[43,44]. 

The aim of the study was to determine the effects of GA 
on the morphological and structural characteristics of the 
resulting different morphological structures, with special 
emphasis on different phases in the growth process. Our 
results demonstrate that by varying the reaction conditions 
the interaction of gum acacia (GA) with the precursors, 
results in controlling the shape, size, and microclusters of 
the inorganic crystals by means of a simple mineralization 
process. 

2. Experimental 
2.1. Materials  

Analytical grade chemicals of BaCl2, LaCl2, TbCl2, gum 
acacia, sodium bicarbonate were purchased from Merck, 
India and used as such without further purification. Double 
distilled water was used in all experiments. 

2.2. Preparation of BaCO3 Microclusters 

In a typical procedure, at room temperature, 0.2442 g 
(1mM) of BaCl2 was taken along with different proportions 
of homogenized GA (0.5 % and 1.0%) in different 25 ml 
glass beakers. They were dissolved in 20 ml distilled water 
and the mixed solution was blended thoroughly with the help 
of magnetic stirrer. Then NaHCO3 (2mM; 2 ml) solution is 
added by vigorous stirring and the reaction mixture was kept 
for 24 h crystallization at room temperature. After 24 h, the 
crystals are filtered and washed several times with distilled 
water and dried at room temperature.  

 
Figure 1.  Flow chart for the synthesis of microclusters of BaCO3 using 
gum acacia 

Control experiment was also carried out in aqueous solu-
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tion without the addition of GA. As prepared BaCO3 micro-
clusters using 1% GA were calcined at 700℃. Similarly in 
case of mixed metal carbonates, 0.2442 g (1mM) of BaCl2 
and 0.1083 g (0.25mM) of LaCl2 or 0.0933 g (0.25mM) of 
TbCl2 were used. Hydrothermal reactions were carried out in 
parallel using Teflon lined autoclaves with internal volume 
of 10 ml at temperatures 60 and 90℃ for both the concen-
trations of GA (0.5 % and 1.0%) under autogenous pressure. 
After 24 h reaction time the autoclaves were allowed to cool 
to 50℃ and maintained at that temperature for about 15 h 
before being allowed to cool slowly to ambient temperature 
over 3 to 4 h. The sizes and morphologies of the products 
were examined by XRD, SEM-EDAX, TGA-MS, TEM, and 
FT-IR. Figure 1 shows the flow chart for the synthesis of 
microclusters of BaCO3 using gum acacia. 

2.3. Characterization Methods  

X-ray diffraction measurements of barium carbonate 
clusters were recorded using a Rigaku diffractometer (Cu Kα 
radiation, λ = 0.1546 nm) running at 40 kV and 40mA (To-
kyo, Japan). FT-IR spectra of BaCO3 structures were re-
corded with a Thermo Nicolet Nexus (Washington, USA) 
670 spectrophotometer. TEM images were observed on 
TECNAI FE12 TEM instrument operating at 120 kV using 
SIS imaging software. The particles were dispersed in 
methanol and a drop of it was placed on Formvar-coated 
copper grid followed by air drying. Scanning electron mi-
croscopy (FEI Quanta 200 FEG with EDS) was used for 
morphology assessment of BaCO3 crystals. The crystals 
were collected on a round cover glass (1.2 cm), washed with 
deionized water and dried in a desiccator at room tempera-
ture. The cover glass was then mounted on a SEM stub and 
coated with gold for SEM analysis. Thermogravimetric 
Analysis (TGA) coupled to Balzer Mass (MS) was carried 
out on a TGA/SDTA Mettler Toledo 851e system using open 
alumina crucibles containing samples weighing about 8–10 
mg with a linear heating rate of 10℃ min-1. Nitrogen was 
used as purge gas for all these measurements. 

3. Results and Discussion 
3.1. Structural Characterization of BaCO3 Microclusters 

The phase structures of the obtained samples were char-
acterized by X-ray powder diffraction (XRD). Figure 2 
shows the X-ray diffraction patterns of BaCO3 synthesized 
without GA, with GA (1%) at room temperature, hydro-
thermal treatment at 90℃ and calcined product at 700℃. The 
XRD pattern of BaCO3 crystals obtained are pure ortho-
rhombic BaCO3 crystals. All the observed peaks can be 
perfectly indexed to a pure orthorhombic witherite phase and 
no characteristic peaks from other impurities have been 
detected in the synthesized products. The observed diffrac-
tion peaks (2θ [°]): can be correlated to the (hkl) indices 
(110), (020), (111), (021), (002), (012), (112), (200), (220), 
(040), (221), (041), (202), (132), (113) and (222) respec-

tively, of pure orthorhombic witherite (JCPDS card number: 
85-0720). It may also be seen that the peak (111) is the 
strongest in all the BaCO3 crystals synthesized using various 
routes, suggesting that BaCO3 crystals are well oriented and 
grew mainly along the (111) face. The extra diffraction peaks 
(102) and (130) observed in the calcined product is due to 
increase in crystallinty. Along with (111) face several other 
strong diffraction peaks in the XRD pattern suggest that the 
crystallinity of BaCO3 nanocrystallites obtained is excellent, 
and can be correlated to TEM (SAED) micrograph. The 
diffraction spots can be indexed on the orthorhombic phase 
and those results are in good agreement with the results of 
XRD. It can be concluded that GA has major influence on the 
growth and size morphology of BaCO3 crystals formed. 
However, the addition of templating species has no effect on 
the internal crystal structure of the resulting BaCO3 crystals 
as no changes are observed in the XRD patterns. 

 
Figure 2.  XRD pattern of BaCO3 crystals (a) absence of GA, (b) presence 
of GA (1%), (c) hydrothermal at 90℃ (1%), and (d) calcined at 700℃ (1%). 

3.2. Effect of Gum Acacia on the Morphology of BaCO3 

The morphology of the obtained BaCO3 crystals was re-
markably influenced by the synthetic protocol used such as 
hydrothermal treatment and varying concentration of GA. 
Morphologies of the formed crystal aggregates were inves-
tigated using SEM-EDAX and TEM. Under ambient condi-
tions in the absence of any templating species only 
rod-shaped crystals of witherite in the form aragonite-type 
crystals (Figure 3a) with different sizes (700 nm to 20μm 
length, 200 nm to 2μm diameter) were formed as expected. 
Significant changes have been observed in the morphology 
of the products obtained in the presence of the templating 
species – GA. Bunch of rods, dumbbell, double-dumbbell 
and flower shaped BaCO3 clusters were observed for 0.5 % 
and 1.0 % GA concentration depending on the reaction 
conditions. These clusters are of sizes in several nanometers 
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to several micrometers at both ambient (Figure 3b, c) and 
hydrothermal crystallization conditions (Figure 3d, e). SEM 
images of the products formed after 24h of reaction at vari-
ous concentrations of GA (0.5 % and 1.0 %) in both the 
reaction conditions are shown in figure 3. 

At room temperature, when GA concentration was 0.5%, 
bunch of rods in the form of clusters are seen as shown in 
figure 3b. The length of the rods present in the clusters is in 
the size range from 100 nm to 400 nm. The enlarged image 
clearly shows that the rods aggregate in the form of bunch 
like clusters (Figure 4a). When the amount of GA added is 
increased to 1.0%, shorter assemblies of BaCO3 aggregates 
in the form of dumbbell, double dumbbell and flower like 
clusters are observed, as depicted in figure 3c. These clusters 
constitute nanosized subunits with size around 30nm. The 
enlarged SEM images of both the concentrations are sepa-
rately shown in figure 4b. Similar morphological changes 
were observed in both the concentrations except variation in 
the size of the cluster and alignment of rods. With the in-
crease in concentration of GA the size of the cluster in-
creased but the nanocrystallite size decreased. This behavior 
can be attributed due to the effective passivation of the sur-
faces and suppression of the growth of the nanoparticles 
through strong interactions with the particles via there func-
tional molecular groups of acacia namely, hydroxyl groups 
of arabinose, rhamnose and galactose and carboxylic groups 
of glucoronic acid moieties. Progressive changes in the as-
sembled BaCO3 clusters indicated that the arrangement 
continued to grow principally in width rather than in length 
when the crystals interlinked. Although the individual rods 
observed in the absence of templating species are often dis-
ordered, they were structurally intact, suggesting that there 
are strong interparticle interactions between adjacent rods. 
Significantly, the HR-SEM images show that the BaCO3 
crystals appear to be higher-order superstructures, exhibiting 
close morphological alignment of the rod shaped crystals 
into microclusters. Further, crystal growth of BaCO3 was 
monitored under hydrothermal crystallization at 60℃ and 
90℃. Since there is no much variation in the morphology 
observed, the results obtained at 90℃ are shown in figure 3d, 
e. At 90℃ stacks of rods are arranged randomly and appear 
like flowers at lower gum acacia concentration (0.5%), 
whereas at higher concentration (1 %), more number of 
flower like clusters are seen but there is no change in the 
morphology as observed in figure 3d, e. From this it is evi-
dent that during hydrothermal crystallization, at two differ-
ent concentrations common morphology i.e.; flower shaped 
clusters are seen except their number increased at higher 
ratio of metal/ligand concentration, and the size of the clus-
ters is also almost similar. This attributes that increasing 
concentration does not have much effect on the crystal 
morphology during hydrothermal crystallization. Moreover, 
temperature variation also does not have any impact in the 
growth morphology except variation in size. On the other 
hand, synthesis of BaCO3 nanostructures at ambient condi-
tion show influence of concentration on the morphology and 
arrangement of the clusters formed. The schematic illustra-

tion of BaCO3 crystal morphology is shown in the table 1. 

Table 1.  Morphology of BaCO3 at different concentrations of gum acacia 

Condi-
tion 

Morphology of BaCO3 
without GA 0.5% wt GA 1.0% wt GA 

Ambient 
witherite in the form 

of rods (arago-
nite-type crystals) 

Bunch of rods in 
the form of 

cluster 

Dumbbell, double 
dumbbell and flower 

shaped clusters 
Hydro-
thermal 

(60ο) 

witherite in the form 
of rods (arago-

nite-type crystals) 

Flower like 
clusters (less 

number) 

Flower like clusters 
(more number) 

Hydro-
thermal 

(90ο) 

witherite in the form 
of rods (arago-

nite-type crystals) 

Flower like 
clusters (less 

number) 

Flower like clusters 
(more number) 

 
Figure 3.  SEM images of BaCO3 clusters (a) rod shaped witherite (ara-
gonite-type) crystals without gum acacia (b, c) room temp reaction using 0.5 
and 1.0 % GA, and (d, e) hydrothermal (90℃) reaction with 0.5 and 1.0 % 
GA. 

 
Figure 4.  Enlarged SEM images of BaCO3 clusters at different reaction 
conditions (a) 0.5% GA at room temperature, (b) 1% GA at room tem-
perature, (c) 0.5% GA at hydrothermal 90℃, and (d) 1% GA at hydro-
thermal 90℃  

Figure 5 shows that TEM images of BaCO3 crystals ob-
tained using 1% GA in aqueous solution (a) before and (b) 
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after calcinations at 700℃. As can be seen, the morphology 
of the particles obtained in the presence of GA is dumbbell, 
double dumbbell and flower like clusters (Figure 5a). 
However, after calcination at 700℃ the structure appears to 
be deformed resulting in the formation of agglomerates of 
smaller particles of size around 20 nm (Figure 5c). Figure 5b, 
d shows the corresponding EDAX spectrum and selected 
area electron diffraction (SAED) pattern of BaCO3 clusters 
which clearly shows number of spots arranged in circular 
manner and confirms the nanocrystalline nature of grown 
nanoparticles. The BaCO3 clusters were believed to be self 
assembled by the related crystalline nanoparticles in pres-
ence of appropriate additives rather than the random ag-
glomeration. From figure 5b, d, the EDAX elemental analy-
sis reveals that carbon content is seen more in the 
as-prepared BaCO3 clusters when compared to the calcined 
material, which can be attributed to the formation of or-
ganic-inorganic hybrid material, the organic component 
mainly from GA.  

 
Figure 5.  TEM images and EDAX (SAED inserted) of BaCO3 (a, b) in the 
presence of 1% GA, and (c, d) calcined product at 700℃. 

3.3. Ba-LaCO3 System and Ba-TbCO3 System 

Other than barium carbonate, mixed metal carbonates 
such as Ba-LaCO3 and Ba-TbCO3 were synthesized at room 
temperature using higher GA (1.0 %) concentration.  

Figure 6a, c shows the SEM images of Ba-LaCO3 and 
Ba-TbCO3 mixed metal carbonates, respectively. As can be 
seen, there is a clear morphological difference between 
BaCO3 structures synthesized with and without the addition 
of rare earths. Ba-LaCO3 clusters are in the form of short rods 
whereas Ba-TbCO3 appears to be dendritic clusters. It would 
be instructive to understand the chemical composition of the 
different features observed for both Ba-LaCO3 and 
Ba-TbCO3 microstructures. This is conveniently done by 
spot-profile EDAX. In addition to the expected Ba, C and O 
signals, strong signals of La and Tb are seen for Ba-LaCO3 
and Ba-TbCO3 mixed metal carbonates, respectively as 
shown in figure 6b, d.  

 
Figure 6.  SEM images of mixed metal carbonates (a) Short rod like 
clusters of Ba- LaCO3, (b) EDAX data of Ba-LaCO3, (c) Dendritic shaped 
clusters of Ba-TbCO3, and (d) EDAX data of Ba-TbCO3. 

 
Figure 7.  FT-IR spectra of BaCO3 clusters (a) nucleated in the absence of 
GA, (b) nucleated in the presence of GA, and (c) calcined product at 700℃. 

3.4. FTIR Studies 

FT-IR spectra of BaCO3 have been studied to determine 
the effect of GA on the microstructure of nanocrystallites. 
The sharp peaks at 856, 693 cm-1 (Fig. 7a), 857, 693 cm-1 

(Figure 7b) and 856, 690 cm-1 (Figure 7c) are in-plane and 
out-of-plane bending of CO3

2-. The IR bands at 1446 cm-1 

(Figure 7a, b), and 1427 cm-1 (Figure 7c) correspond to the 
asymmetric stretching mode of C-O bond, while the weak 
band at 1059 and 1060 cm-1 (Figure 7a, b) is attributed to the 
symmetric C-O stretching vibration. The band at 3412 cm-1 
can be attributed to OH stretching vibration due to hydrogen 
bonding and or N-H stretch of the –NH2 group from the 
protein present in GA (Figure 7b). In comparison with figure 
8b the C-O stretching vibration peak around 1427 cm-1 in 
figure 7c shifts to lower frequency by 19 cm-1 (1446 cm-1), 
suggesting the influence of GA on the microstructure of 
barium carbonate. This is probably due to the GA molecules 
adsorb onto the surfaces of BaCO3 nuclei and influence the 
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mode of crystal growth with a little change in superstructure. 
Increase in the intensity of the peak at 3412 cm-1 in figure 7b 
shows the presence of GA in the BaCO3 crystals resulting in 
the formation of inorganic-organic hybrid material. 

3.5. TGA-Mass studies  
Thermogravimetric analysis coupled to mass helps us to 

understand the decomposition steps more precisely as we can 
know the evolved gas fragments as a function of temperature 
or time. As representative systems, the TG/DTG-MS ther-
mograms of pure GA, BaCO3 synthesized without GA, as 
synthesized BaCO3 using GA and BaCO3 with GA calcined 
at 700℃ are shown (Figure 8a-d).  

TGA-MS thermogram of pure GA (Figure 8a) shows a 
major decomposition step (64.5% wt. loss) in the tempera-
ture range 260 - 400℃ and it is during this step the evolution 
of the gas with mass fragment 44 a.m.u characteristic of CO2 
from the decomposition of –COOH functional groups in GA 
is observed. TGA profile of BaCO3 structures synthesized 
without gum acacia (Figure 8b) show a single step decom-
position with the onset at 850℃. The mass fragment 44 a.m.u 
observed in this range clearly suggests that the BaCO3 
nanocrystallites decompose into BaO and CO2 in this tem-
perature range. Further, BaCO3 nanocrystallites synthesized 
using GA (Figure 8c) showed three step decomposition 
pattern. The first two steps in the temperature range are due 
to the decomposition of the GA component in the inorganic 
and organic hybrid material, and the third step with onset of 
decomposition at 920℃ can be attributed mainly due to the 
decomposition of BaCO3 nanocrystallites. The evolution of 
CO2 gas in the first two steps (mass fragment 44 a.m.u) can 
be attributed due to the decomposition of GA component in 
the inorganic and organic hybrid BaCO3 nanocrystallites and 
the percentage of mass loss was found to be 6.2. The absence 
of the first two decomposition steps in the calcined (at 700℃) 
BaCO3 synthesized with gum acacia (Figure 8d) clearly 
suggests that the as synthesized BaCO3 nanocrystallites are 
having both inorganic and organic components. As can be 
seen from figure 8c, the as synthesized BaCO3 nanocrystal-
lites using GA show the temperature of maximum decom-
position at 1120℃, which is less compared to the others and 
this can be attributed to the size effect of nanoparticles. 

Based on the above analysis, a possible growth mecha-
nism for the formation of flower like BaCO3 clusters at 
air/solution interface is schematically shown in figure 9 that 
follows a rod-dumbbell-flower(R-D-F) progression. The 
exact growth mechanism of the micro clusters is not fully 
understood. Initially, the various functional groups in GA 
inhibit the crystal growth by the encapsulation of Ba2+ ions 
which in the presence of sodium bicarbonate forms BaCO3 
nanocrystallites that act as building units stacking in parallel 
sequence, resulting in the formation of micro clusters. These 
particles are formed homogeneously in the solution and the 
crystallization is based on these BaCO3 clusters that are made 
up of nanocrystallites and are built up from individual 
nanocrystals and are aligned in a common crystallographic 
pattern. 

 
Figure 8. TGA-DTG-MS thermograms (a) pure gum acacia, (b) BaCO3 
synthesized without GA, (c) as synthesized BaCO3 using GA, and (d) as 
synthesized BaCO3 with GA calcined at 700℃.  

The first stage is the nucleation process that is the initial 
reaction between Ba2+ and CO3

2- ions leading to the forma-
tion of BaCO3 nuclei. In the second stage, due to the pres-
ence of crystal growth modifying functional groups (-OH, 
-COOH, -NH2) in GA, formation of BaCO3 rods via orien-
tation growth along (111) face take place as is demonstrated 
by XRD studies. The third stage involves the self assembly 
of rods via hydrogen bonding (aggregation) leading to the 
formation of flowers, thus illustrating the development of 
BaCO3 micro clusters and inferring role of GA as crystal 
growth modifier. In the present work, it is believed that the 
functional groups in GA control the formation of BaCO3 
clusters by adsorbing onto certain facets of BaCO3 crystals. 
However, it has to be pointed out that the exact growth 
mechanism is still unknown, although some explanation was 
given in the literature based on the role of intrinsic electric 
fields which direct the growth of dipole crystals[45-47]. 

From the above morphological evolvement, we could 
clearly see the important role of functional group moieties in 
GA which bind to Ba2+ ion under varied conditions during 
the crystal formation and growth process. On the basis of 
SEM observations, the crystal growth mechanism for the 
generation of BaCO3 clusters at all major stages is illustrated 
in figure 9. The growth process of the rod-dumbbell- 
flower(R-D-F) progression was carefully followed by con-
centration dependent experiments. SEM images of the 
products with different concentrations showed an obvious 
growth process from rods to dumbbell to flower with GA.  

The selective absorption of functional moieties on the 
different planes of BaCO3 clusters resulted in varied growth 
rate along various planes and account for the anisotropic 
growth to form a flower shaped BaCO3 cluster at 1% GA. 
When the concentration of GA is decreased to 0.5% such 
absorption becomes weak so the aggregation process is low 
which results in the formation of dumbbell like structures. 
Furthermore, as observed without GA such absorption dis-
appears resulting in the formation of micro rods. Hence we 
conclude that the change in the morphology of BaCO3 is 
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influenced by the concentration of GA.  
Introduction of a second bivalent metal ion (La2+/Tb2+) to 

the crystallization medium shows interesting morphology 
different from that of flower - shaped barium carbonate. In 
the case of Ba-LaCO3 individual short rods are formed 
whereas in Ba-TbCO3 the individual rods attached to each 
other forming dendritic structures. Since the ionic radius of 
La2+ (1.09) and Tb2+ (1.22) is close to that of Ba2+ (1.14), it is 
conceivable that the La and Tb atoms replace Ba2+ ions or 
vice versa in the crystal lattice[48]. If the ionic radius of the 
competing ion is close to that of barium or greater than that 
of barium the competing ion will probably go to the kink 
sites[49]. In our control experiments carried out in the addi-
tive, rod shaped crystals were observed (Figure 3a). Hence 
mixed metal ions play a significant role in the formation of 
clusters in biomineralisation research. However, further 
studies are needed to identify various existing pathways. 
Even though, we used a high concentration of the bivalent 
ions, it is interesting to see the strong incorporation of these 
bivalent ions in the crystal lattice of BaCO3. The use of 
readily available starting materials would enable one to 
synthesize complex inorganic structures with interesting 
properties. 

 
Figure 9.  Schematic mechanism of BaCO3 clusters at different reaction 
conditions. 

4. Conclusions 
Using natural gums, a variety of crystal morphology could 

be produced when ambient and hydrothermal conditions 
were employed. In summary, we demonstrated that simple 
GA can be used as crystal growth modifier to template un-
usual complex morphologies of BaCO3 crystals. Micro 
clusters of barium carbonate are having different shapes such 
as bunch-like, dumbbell, double dumbbell and flowerlike 
arrangements, which are confirmed by SEM and TEM mi-
crographs. The crystalline nature and spectral features of 
barium carbonate is confirmed by XRD and FT-IR spectra, 
respectively. TGA-MS study confirms that the as synthe-
sized BaCO3 nanocrystallites using GA are having both 
inorganic and organic components resulting into the forma-

tion of inorganic-organic hybrid materials. The present re-
sults demonstrate that the crystallization methods using 
natural gums provide a new way to realize morphological 
control of biomineralisation for synthesizing different su-
perstructures of minerals or inorganic-organic hybrid mate-
rials.  
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