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Abstract

The preparation method of metal based Indian traditional drugs involves conversion of a pure metal into its oxide by repeated high temperature
calcination cycles. In this work, the effect of number of calcination cycles followed in the preparation of tin oxide based Ayurvedic drug, ‘vanga
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hasma’ was studied by a systematic characterization of the drug samples after various calcination stages. It was found that tin was in the form of
n4+ state and that the formation of SnO2 proceeded step-wise through Sn(OH)4.
2006 Elsevier B.V. All rights reserved.
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. Introduction

The drugs known as ‘bhasmas’ are well known in the tradi-
ional Indian Ayurveda and these are chemically mixed oxides
f one or more metals [1]. Their traditional preparation involves
onversion of a pure metal into its oxide form following a typ-
cal procedure, available in the ancient literature of Ayurveda
2]. Such a procedure is believed to eliminate the harmful prop-
rties of metal oxides while inducing the medicinal properties
nto it. The critical steps in the preparation of ‘bhasma’ are: (i)
rituration of a pure metal with various plant juices for several
ours and (ii) repeated cycles of high temperature calcination in
sealed earthen pot. From the point of view of basic understand-

ng and also to standardize such drugs it would be essential to
arry out their structural characterization and also to study the
ole of various steps involved in the preparation protocol. As a
ontinuation of our efforts in this direction, we report here the
ffect of repeated calcination cycles on the formation of ‘vanga
hasma’, viz. tin oxide which is among the seven Ayurvedic

∗

‘bhasmas’ reported in the ancient literature. ‘Vanga bhasma’ is
generally administered for various types of genito-urinary tract
disorders [3]. It is also an effective medicine in various other
diseases like diabetes, anaemia, asthama and gastric ulcers [4].
Based on the characterization of tin oxide at various stages of cal-
cination, we propose a step-wise oxidation of tin going through
its hydroxide formation. Further, the presence of calcium from
the plant origin probably stabilizes the particle size of tin oxide
inspite of repeated high temperature calcination cycles.

2. Experimental

For preparing ‘vanga bhasma’ tin wire (purity >99.99%) was
subjected to the traditional ayurvedic pretreatment involving
melting the tin wire (1 kg) and dipping it successively in oil of
sesamum indicum, butter milk, cow urine and aqueous extract
of dolochos seven times each. Finally, the molten tin was kept
in contact with limewater for about 3 h.

For obtaining the required drug, the traditional calcination
protocol called as ‘bhasmikarna’ was carried out. This involved
mainly the trituration of the pretreated tin with powder of dried
Corresponding author. Tel.: +91 20 2590 2349; fax: +91 20 2589 2621.
∗∗ Co-corresponding author.
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tamarind (Tamarindus indica) nut shells, bark of Ficus religiosa
and Curcuma longa. The crude product was powdered and mixed
with Aloe vera juice to obtain a homogeneous paste, which was
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Table 1
XRD crystallite sizes of the drug samples after various calcination stages

Sample name 2θ values at I/I0 = 100 FWHM (radian) d-Value Crystallite size (nm)

SNB-1 33.9 0.329 2.640 25.26
SNB-7 34.1 0.353 2.627 23.56
SNB-13 34.2 0.353 2.616 23.56
SNB-15 34.1 0.353 2.625 23.56
SNB-17 33.8 0.329 2.645 25.26
SN-STD 33.9 0.306 2.639 27.17

transferred to the earthenware crucibles and sealed with the clay.
The calcination was then carried out in the traditional furnace
(temperature of 600 ◦C) following the procedure described by
Pandit et al. [5]. After overnight calcinations, the product was
taken out, the undesired ash was removed and the sample was
named as (SNB-1). In this manner, 17 cycles of calcinations were
carried out and the samples at the end of calcination cycles 1, 7,
13, 15 and 17 (designated as SNB-1, SNB-7, SNB-13, SNB-15
and SNB-17) were thoroughly characterized. The standard tin
oxide was procured from Aldrich.

The XRD patterns of the solid samples were recorded on
Regaku cd-max II vc model X-ray diffractometer using Cu K�

radiation filtered by a nickel foil over the range of diffraction
3–80◦. The wavelength of the radiation was 1.5405 Å.

The chemical composition of the samples was determined
by EDX attached to SEM (JEOL JSM 200). IR spectra in the
region (4000–450 cm−1) were recorded on Perkin-Elmer FTIR
spectrophotometer in KBr pellets. Far IR spectra in the low
frequency region (600–50 cm−1) were recorded on Nexus-870
model (Nicolet). Thermograms were recorded in air atmosphere
on NETZSCH simultaneous thermoanalyzer STA-409 model
with Pt and Rh thermocouples.

XPS were recorded with a nine channeltron CLAM4 ana-
lyzer under a vacuum >1 × 10−8 Torr using Al K� radiation
Fig. 1. SEM of standard tin oxide (a) and the drug samples after (b)
 1st, (c) 7th, (d) 13th, (e) 15th and (f) 17th calcination cycles.
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and constant pass energy of 50 eV. The binding energy values
(accurate to ±0.2 eV) were charge-corrected to the C 1s signal
(284.6 eV). BET surface area analysis was done using Chembet
3000 surface area analyzer of Quantachrome USA.

3. Results and discussion

3.1. XRD

XRD patterns of samples of different calcination cycles of
‘vanga bhasma’ showed 2θ values around 26.6, 34, 38.2, 39,
51.8, 54.8, 57.9, 61.9, 64.8◦ which were close to those reported
for the standard tin (IV) oxide (tetragonal-rutile phase) diffrac-
tion peaks [6,7]. This indicated that in all stages of ‘vanga
bhasma’, SnO2 was the major constituent while the intense
nature of peaks showed that at all calcination cycles the samples
were of higher crystallinity. The crystallite sizes of tin oxide
in the ‘vanga bhasma’ after various calcination cycles were
calculated from XRD pattern (2θ for 100% intensity peaks) fol-
lowing the Scherrer Equation and were compared with that of
the standard SnO2 [8]. It was found that (Table 1) after the first
calcination cycle, the crystallite size decreased from 25.26 to
23.56 nm, which remained constant during further calcination
cycles however, it again increased to 25.26 nm after the 17th
calcination cycle. The crystallite sizes of all the samples were
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repeated calcination cycles (SNB-7 sample), spongy nature of
the crystallites was retained while agglomeration increased as
indicated by the increased particle size up to 5 �m. Extended
cycles of calcination increased the extent of agglomeration as
seen by more particles of 6 �m in SNB-13 sample. (v) A dis-
tinct change in the morphology occurred with further calcination
cycles as several well-defined rod shaped particles were seen in
the SEM of SNB-15. (vi) Surprisingly, at the end of 17th cycle
of calcination (SNB-17 sample), extent of agglomeration was
found to be reduced as evidenced by more particles of 1 �m
size. Also higher number of smaller agglomerates was observed
in SEM of SNB-17, which indicates that beyond 15 cycles of
calcination bigger agglomerates start disintegrating to give a sta-
ble particle size of 1 �m. Thus, repeated calcination cycles are
necessary for not only achieving higher conversion of metallic
tin to tin oxide but also to stabilize the particles to a minimum
of 1 �m.

The elemental composition of samples after various stages
of calcination of the drug, ‘vanga bhasma’ by EDX is presented
in Table 2. Relative percentage of Sn increased from 50 to 59%
with increase in calcination cycles. The maximum Sn content
in the standard tin oxide was 78% while that in the SNB-17
drug sample was 59% which was equivalent to 75.77% SnO2
(as per the stoichiometry). The remaining major element was
stoichiometric excess oxygen due to the repeated calcination
procedure followed in the preparation of this drug sample [1].
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nyway lower than that of the standard tin oxide (Table 1) which
learly showed that the size stabilization of the tin oxide crys-
allite in the drug sample was due to the presence of calcium
rom tamarind nut shells [9]. It has been already reported that
alcium was responsible for size stabilization of SnO2 [10].

.2. SEM and EDX analysis

The photographs of SEM taken for the standard tin oxide
a) and the samples of the drug ‘vanga bhasma’ after different
ycles of calcination (b–f) are shown in Fig. 1. It was found
hat (i) samples at different calcination cycles showed higher
egree of agglomeration (particle size in the range of 2–5 �m)
han that shown by standard SnO2 sample in which the par-
icle size was in the range of 0.1–0.5 �m. (ii) Morphology of
vanga bhasma’ samples was remarkably different from that of
he standard SnO2 however, in both the cases grain boundaries
ere not well defined. (iii) In case of SNB-1 (after first cal-

ination cycle), spongy and relatively compact microcrystalline
ggregates of SnO2 were observed which were covered by small
usty crystallites (particle size of 1–2 �m). (iv) After several

able 2
DX analysis of the ‘vanga bhasma’ at various calcination stages

ample name C O Mg

n-STD – 21.24 –
NB-1 5.98 30.61 2.42
NB-7 5.46 29.08 1.29
NB-13 4.53 31.19 1.26
NB-15 2.44 29.35 1.36
NB-17 1.63 23.86 1.70
lements, such as Mg, Si, Ca and Fe were also found to be
resent, mainly introduced from the plant material used during
he trituration process. Presence of calcium in all samples was
mportant since it inhibits the crystallite growth of tin oxide [10].

.3. XPS

XPS analysis was carried out for three important stages of
vanga bhasma’ namely SNB-1, SNB-7 and SNB-17. Fig. 2
hows a typical survey spectrum of SNB-1 sample, confirming
he presence of Sn and Ca. In addition, it also shows the presence
f C peak as well as O peak at 284.6 and 531 eV, respectively
s impurities. Although the presence of Mg and Fe was shown
n EDX analysis, these ions were not observed in XPS analysis,
ndicating their absence on the surface. In all the three samples
Fig. 3(a)), high resolution spectra at Sn-core level showed the
resence of strong peaks at 486.5 and 494.8 eV corresponding
o Sn 3d5/2 and Sn 3d3/2, respectively, for SnO2 phase [11,12].
he position of the peaks for SnO and Sn(OH)4 were very close

o each other and therefore could not be resolved, as observed

Fe Ca Sn SnO2

– – 78.76 100
90 3.61 3.11 50.36 63.94
59 2.05 1.97 56.56 71.81
43 2.53 2.32 53.74 68.23
06 2.25 2.62 56.91 72.26
91 2.46 1.75 59.68 75.77
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Fig. 2. XPS of the sample SNB-1.

Fig. 3. High resolution XPS of the drug sample showing (a) Sn 3d5/2, Sn 3d3/2

and (b) O 1s.

Table 3
Relative surface atomic concentration from XPS data

Sample Element (at.%)

Sn O Ca

SNB-1 21.4 74.8 3.6
SNB-7 18.5 79.4 2.1
SNB-17 16.8 81.2 2.0

earlier. This can be further correlated to the nature of the peak
for O 1s spectra of ‘vanga bhasma’ at different cycles of calci-
nations. A typical XPS spectra is shown in Fig. 3(b) for SNB-1
sample. The broadness of the O 1s peak suggested that different
compounds were formed on the surface during the calcination
cycle. The subsequent calcination cycles also showed similar
shape of the O 1s peak in XPS spectra, except SNB-17 sam-
ple. O 1s peaks 1 and 2 could be resolved by using a curve
fitting procedure. Peak 1 at a lower energy of 531.1 eV [13] was
attributable to oxygen in SnO2 while peak 2 at higher energy of
532.5–533.0 eV was attributed to oxygen adsorbed/OH species
on the surface of SnO2 of ‘vanga bhasma’ [13,14]. The probable
explanation for these observations is as follows.

During the first calcination, calcium oxide formed from cal-
cium carbonate has strong affinity for water to give Ca(OH)2
through the reaction (1),

CaO + H2O → Ca(OH)2 (1)

Simultaneously, the interaction of Sn with the atmospheric oxy-
gen formed various phases namely SnO, SnO2 and Ca(OH)2,
was used up for hydroxylation to form Sn(OH)4, leading to SnO2
through the reaction (2), [15]

Sn(OH)4 → SnO2 + 2H2O (2)

Ca(OH)2 having strong affinity for CO2 also formed Ca(CO)3
t
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hrough the reaction (3), [16]

aCO3 → CaO + CO2 (3)

he presence of carbonate and hydroxyl was also supported by
R studies (Section 3.4).

Another important observation from XPS studies was that the
elative surface atomic concentration of Sn decreased as num-
er of calcination cycles increased (Table 3), which was exactly
everse of the EDX analysis (Table 2) where total Sn content
as found to increase with the number of calcination cycles.
his observation suggests that the Ca ions diffused out on the
urface with number of calcination cycles. This caused the par-
icle size stabilization of SnO2, which was consistent with SEM
bservation.

For SNB-17 sample, area under the curve for peak 2 was
emarkably less as compared to SNB-1 and SNB-7 samples.
his indicates that the formation of adsorbed oxygen/OH was

ess in case of SNB-17 (final product) of ‘vanga bhasma’ as
ompared to its intermediate stages. In other words, the extent
f formation of SnO2 was large in SNB-17. Since SnO2 has a
endency to attract oxygen (negative electron density) due to its
ewis acid sites available [17], the number of calcination cycles
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Fig. 4. FT-IR of standard SnO2 and the drug samples.

increased the oxygen interaction with tin in the ‘bhasmikarana’
process to form SnO2 rather than getting adsorbed on the surface
of SnO2. Thus, XPS studies clearly showed that as the number
of calcination cycles increased more and more formation of sta-
ble SnO2 took place and thus purity of ‘vanga bhasma’ also
increased.

3.4. Infrared spectroscopy

FT-IR spectra (Fig. 4) of ‘vanga bhasma’ at different cal-
cination cycles showed strong vibrations in the region of
3265–3270 cm−1 for SNB-1 and SNB-7 samples indicating the
presence of hydroxyl groups due to formation of tin hydrox-
ide [18,19]. For samples SNB-13 onwards no such peaks were
observed in this region indicating the conversion of tin hydroxide
into tin (IV) oxide in the subsequent steps. In SNB-1, the peak at
1040 cm−1 could be also assigned to tin hydroxide [18], which
disappeared in the following cycles of calcination. The weak
bands at 1767 and 1641 cm−1 (in SNB-1 and SNB-7) could be

due to νOH deformation [20] that also disappeared in the latter
stages of calcination. The formation of SnO2 via tin hydroxide
could be explained by the reaction (2) given above [15]. Ini-
tial formation of tin hydroxide could be due to the trituration
of metallic tin with plant juices, which have water as a major
constituent. The standard sample of SnO2 did not show presence
of −OH peaks.

In SNB-1 and SNB-7 samples, prominent peaks were
observed around 1421 cm−1 which were due to CO3

−2 [21]
from CaCO3. The source of calcium carbonate was tamarind
(Tamarindus indica) shells, which were used during the tritura-
tion procedure, which contain large amount (11.1%) of calcium
salt [9]. For samples SNB-13 to SNB-17 no such peaks were
observed indicating that CaCO3 was decomposed gradually dur-
ing subsequent calcination cycles as shown by reaction (3).
Additional strong bands were observed around 915–980 cm−1

in all the samples and broad nature of the peaks were indicative
of overlapping of adjacent peaks due to: (i) adsorbed oxygen
species intermediate between O2

− and O2
2− [22] or Sn–OH

[18] and (ii) calcium oxide [21]. Both these possibilities exist
since, chemisorbed oxygen species was also evident from XPS
studies (mentioned above) and calcium oxide formation could
be possible as per the Eq. (3). However, the extent of contribution
of either step could not confirmed in the present work. The most
dominating peaks in the region of 628–665 cm−1 in all samples
were attributable to ν(O–Sn–O) bridge functional group in SnO
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18,19]. The band position, their shape and intensity were com-
ared with those of the standard SnO2 confirming that SnO2 was
he major constituent of the ‘vanga bhasma’. Other small peaks
round 416–553 cm−1 and 356–380 cm−1 were also due to tin
xide (SnO2) [18].

Far IR spectra of ‘vanga bhasma’ at different calcination steps
howed a broad band around 315 cm−1 in SNB-1 which intensi-
ed with number of calcination cycles and was the maximum in
NB-17, which could be assigned to Sn(IV) species from SnO2
21]. The significant increase in its (315 cm−1) intensity from
NB-1 to SNB-17 samples indicates the complete oxidation of

in to SnO2. This again confirms the role of several calcination
ycles in the total formation of SnO2. Two bands at 270 and
55 cm−1 were also observed particularly in SNB-15 and SNB-
7 samples, which could be assigned to ν(Sn-O) [18].

.5. Thermogravimetric analysis

From the thermograms of various calcination stages it was
bserved that there was a significant weight gain (5.83%) in
he temperature range 650–820 ◦C for SNB-1. This weight gain
ould be due to either oxidation or adsorption of oxygen on the
urface of the sample [23]. Availability of Lewis acid sites on
nO2, after its formation in the first cycle of calcination gives it
great affinity for oxygen showing weight gain during the first

alcination. For SNB-7 sample significant weight loss (−5.05%)
as observed in the temperature range 880–900 ◦C which could
e attributable partly to: (i) loss of water due to decomposition
f Sn(OH)4 [24] and (ii) partly due to decomposition of CaCO3
25]. For SNB-13 to SNB-17 samples, practically no weight
oss/gain was observed in the temperature range of 30–900 ◦C
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indicating that from seventh cycle of calcination cycle Sn(OH)4
was completely converted into SnO2 and CaCO3 into CaO. Thus,
from 13th cycle of calcination onwards ‘vanga bhasma’ was
thermally stable confirming complete formation of SnO2. While,
the standard SnO2 was found to be moderately stable as a small
weight loss was observed due to loss of moisture.

3.6. BET surface area

The specific surface area of the particles of the drug ‘vanga
bhasma’ at different stages of calcination along with that of
standard SnO2 were measured by N2 desorption. It was found
that the specific surface area of SNB-1 was almost half (3.1 m2/g)
of that of the standard SnO2 (7 m2/g) and it decreased further to
0.96 m2/g with increase in number of calcinations up to SNB-
15. This was in accordance with the fact that bigger particles
were obtained due to the typical preparation method of the drug
and agglomeration taking place in repeated calcination stages.
This was also evidenced by the SEM results discussed in Section
3.2. However, in case of SNB-17, the surface area increased by
about 11% than the previous SNB-15 sample, which supported
the SEM result that the particle size of SNB-17 was less than the
previous samples. From the results of IR, XPS, TG studies, it
was confirmed that as the number of calcination cycles involved
in typical traditional method, complete formation of stable SnO2
took place. Due to the presence of excess chemisorbed oxygen
o
o
o
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