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INTRODUCTION

ABSTRACT

Ayurvedic Bhasmas, the traditional metallic and mineral-based formulations
with therapeutic properties, are used to manage various human ailments in
Ayurveda. Despite their therapeutic applications, the scientific validation of their
physicochemical properties remains limited. This study aims to characterize and
better understand selected commercially available Bhasmas through optical
microscopic and different spectroscopic techniques, providing insights into their
structural and compositional attributes. Optical microscopy revealed their
irregular morphology and powdery texture with heterogeneous particle sizes.
Ultraviolet — visible (UV-visible) spectroscopy showed absorption peaks
between 257 nm and 390 nm, and band gap energies between 1.94 eV and 5.36
eV, suggesting the presence of nanosized particles. Fourier Transform Infrared
spectroscopy (FTIR) revealed the presence of organic moieties and metal-oxygen
bonds within the Bhasma samples, indicating possible herbal interactions with
metallic or mineral components during their preparation. These findings support
the notion that Bhasmas possess unique physicochemical features, potentially
contributing to their therapeutic efficacy.
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Originated in the Indian sub-continent regions more than
5000 years ago, Ayurveda, the traditional healthcare
system, amalgamates Vedic science with philosophy of life,
offering a holistic medical approach to living a healthier,
happier, and more prosperous life through a variety of
therapies [1,2]. The Ayurvedic doctrine holds that
Tridoshas (Three States) and Saptadhatus (Seven Tissues)
formed through unique combination and proportion of
Pancha Mahbhootas (Five fundamental elements)
determine health condition of each individual [3]. Vayu
(Air), Jala (Water), Prithvi (Earth), Teja or Agni (Fire), and
Akash (space or ether) are the five fundamental elements
that undergo combination in various ways and ratio to form
the three doshas: Vata dosha (Air and Space), Pitta dosha

Mamsa (Muscles), Meda (Fats and Connectives), Asthi
(Bones), Majja (Marrow), and Shukra (Semen) [4]. The
imbalance in doshas and dhatus, triggered by seasonal
variations, misuse of senses, and misuse of intellect, creates
health abnormalities, and is corrected by supplying a
suitable dose of Ayurvedic medicines [5].

Having a longer shelf life and nanoscale dimensions,
Ayurvedic Bhasmas resemble such Vedic medicines and are
highly effective and efficient in action. These are one of the
classical Ayurvedic formulations in the form of fine ash that
contain non-toxic forms of metals and minerals as major
therapeutic ingredients along with carbonaceous particles
[6]. The systematic and stepwise procedure of Bhasma
preparation is well described in Ayurvedic scriptures and
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the process is called ‘Bhasmikaran’ (Transformation into
calx) [7]. Similar to tribochemistry [8], the Bhasmikaran
process involves mechanochemical processing of metals or
minerals followed by high-temperature treatment to reduce
particle size effectively and to transform the toxic nature of
metals and minerals into a non-toxic form with enhanced
therapeutic value and efficacy [9-11]. In Ayurvedic
treatment, different Bhasmas are recommended for the
treatment of various diseases, including chronic diseases
like cancer, asthma, gastritis, and others. Recent studies
claim that Bhasmas are the traditional equivalent of modern
nanomedicine, which have antioxidant, anti-inflammatory,
immunomodulatory, antibacterial, antiviral and antitumor
properties [12,13].

Different microscopic and spectroscopic techniques
are used to characterize Bhasmas. This paper only focusses
on optical microscopy, UV-visible spectroscopy and FTIR
spectroscopy of ten commercial
microscope, also called light microscope, is versatile and
the first-line microscopy option to generate magnified
image of specimen by utilizing visible light and system of
lenses with magnification 50x to 1000x. It is affordable,
easy to use and flexible technique offering wide
magnification range and high-resolution images. The
optical microscopy of Ayurvedic Bhasmas provides a
preliminary idea about the micro-constituents and structure
of the materials [14]. Spectroscopic methods provide useful
information on the composition and structure of materials
by studying the interaction of matter with electromagnetic
radiation. UV-visible spectroscopy of Bhasmas gives
invaluable insights into their optical properties by studying
matter-light interaction in the visible and ultraviolet regions
of the -electromagnetic spectrum. Similarly, FTIR
spectroscopy helps identifying various functional groups
incorporated in Bhasmas by studying matter-light
interaction in the infrared region of the electromagnetic
spectrum [15].

EXPERIMENTAL

Sample collection and identification

Ten samples of different Bhasmas were purchased from the
vendor. The list of samples along with their Chemical
name, manufacture date, and reference of manufactured
method as labelled in the samples is given in Table 1.

Samples characterization
Optical microscopy

The magnified images of Bhasma samples were obtained
by using a bright field condenser optical microscope, Boeco
Binocular microscope — BM — 700 (Germany), under 10x,
40x and 100x objective lens magnification. The images
were captured using a B-CAM Microscope Camera
attached to the microscope and B-View software integrated
with camera control. The average particle size was
calculated from the image (40x magnification) using
Imagel software.
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Table 1. List of commercial Ayurvedic Bhasma samples.
Ayurvedic Chemical Manufacture Manufactured
Bhasma samples  name date under
reference
Abhrak Bhasma  Incinerated 07/2021 Ayurveda
mica Prakash 2
Loha Bhasma Iron 08/2020 Bharat
Bhaishajya
Ratnakar
4/6416
Praval Bhasma Coral 09/2020 Rasatarangini
23/134 - 135
Rajat Bhasma Silver 02/2022 Rasatarangini
16/26 — 28
Sankha Bhasma  Conch 01/2021 Rasatarangini
shell 12/17-19
Suvarnamakshik  Copper 07/2020 Rasa
Bhasma pyrite Chandanshu
176
Bhasmas. Optlcal Tamra Bhasma Copper 11/2021 Rasaratna
Samuchchaya
5/53
Trivanga Lead, Tin 03/2022 Bharat
Bhasma and Zinc Bhaishajya
incinerated Ratnakar
together 2/2758
Vanga Bhasma Tin 03/2024 Rasatarangini
18/15-18
Yashad Bhasma  Zinc 03/2024 Rasatarangini
19/104 — 107

UV-visible spectroscopy

The optical absorption spectra of collected Bhasma samples
were obtained by the UV 1900 Shimadzu (USA) UV-
visible spectrophotometer. A total of 1 mg of each sample
was dispersed in 10 mL of deionized water, sonicated for 2
minutes and the spectrum was recorded in the range of 200
— 600 nm. The data were subsequently collected and graphs
were generated using Origin Pro software. The data were
also used to obtain Tauc plot using Origin Pro software to
calculate band gap energy.

The Tauc plot relation is expressed as,
(ahv)" =K(hv — Ey)

Where, ‘o’ is absorption coefficient, ‘hv’ is incident
photon energy, ‘K’ is an energy independent constant, ‘Eg’
is the band gap energy and ‘n’ is the nature of transitions
which can take values 2 (for direct allowed transition) or %2
(for indirect allowed transition).

In the Tauc plot, ‘hv' (in eV) is plotted on x-axis and
(chv)" (in eVem™)" on y-axis.
‘hv' is calculated using the relation hv = — 2% and

Wavelength

(ahv)" is calculated using the relation

(ahv)™ = (2.303 X Absorbance X hv)"
A straight line is drawn through the linear part of the

curve in the plot and extrapolated towards x-axis to get
band gap energy value.
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FTIR spectroscopy

FTIR spectroscopy of the samples was performed with
IRAffinity-1S Shimadzu (Japan) FTIR spectrophotometer.
Each sample was scanned (40 scans) from 4000 to 400cm’!
at a resolution of 4 cm™! in an attenuated total reflection
(ATR) mode. The data was subsequently collected and
graphs were generated using Origin Pro software.

RESULTS AND DISCUSSION

Abhrak Bhasma

Abhrak Bhasma exhibited a powdery texture with an
average particle size of 28.5 um as observed under light
microscopy (Fig. 1A). The UV-visible spectrum of
Abhrak Bhasma (Fig. 1B) displayed a broad absorption
band at 257 nm, which may suggest the presence of
nanosized silicate particles derived from biotite mineral,
consistent with the known silicate absorption near 297 nm
reported in the literature [16]. The band gap energy of
Abhrak Bhasma was obtained from the Tauc plot (Fig. 1C)
as 3.01 eV, suggesting the presence of nanosized particles.
This observation is in close agreement to the band gap
energy of pure silica (3.85 eV) as reported in earlier
literature [17]. The FTIR spectrum of Abhrak Bhasma
(Fig. 1D), showed distinct peaks centered around
2920 cm! and 2850 cm™!, corresponding to O-H stretching
vibrations, indicating the presence of Mg-OH and Al-OH
groups and suggesting its hydrophilic nature. A Peak at
1745 cm™! is attributed to the O=C=0 stretching vibrations
of carbon dioxide or carbonate groups. The characteristic
peak centered at 951 cm is linked to Si-O stretching
vibrations, suggesting the presence of silicate structures,
while the peaks at 680 cm™! and 590 cm™! are ascribed to
C-S and S-S stretching vibrations, respectively [18,19].
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Fig. 1. Optical microscopy image (A), UV-visible spectrum (B), Tauc plot
(C) and FTIR spectrum (D) of Abhrak Bhasma.

Loha Bhasma

Loha Bhasma showed a powdery morphology with an
average particle size of 23.5 um as seen under optical
microscopy (Fig. 2A). In UV-visible spectrum (Fig. 2B), a
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minor absorption peak at 356 nm was observed which
corresponds to iron oxide nanoparticles, aligning well with
the 340 nm band reported for iron oxide [20]. The band gap
energy of Loha Bhasma, calculated from the Tauc plot
(Fig. 2C), was found to be 5.12 eV, indicating the presence
of nanoparticles. However, the band gap value for iron
oxide nanoparticles is reported to be 2.60 eV in previous
study [21]. The FTIR spectrum of Loha Bhasma (Fig. 2D)
displayed prominent peaks at 526 and 432 cm™!, which are
indicative of Fe-O vibrations associated with iron oxides
[22,23].

Praval Bhasma

The optical microscopy image (Fig. 3A) of Praval Bhasma
displayed powdery texture with an average particle size of
20.1 pum. In UV-visible spectrum (Fig. 3B), Praval Bhasma
revealed a broad absorption peak at 335 nm, which is
consistent with the reported peak of green synthesized
calcium oxide (CaO) nanoparticles [24], indicating the
presence of calcium oxide. The band gap energy of Praval
Bhasma, calculated from the Tauc plot (Fig. 3C), was
found to be 4.65 eV, indicating the presence of

nanoparticles.
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Fig. 2. Optical microscopy image (A), UV-visible spectrum (B), Tauc plot
(C) and FTIR spectrum (D) of Loha Bhasma.

The band gap energy value is in close agreement with
that of calcium oxide nanoparticles (4.22 eV) reported in
the previous literature [25]. In the FTIR spectrum of Praval
Bhasma (Fig. 3D), a peak centered at 3690 cm’!
corresponds to O-H stretching vibrations, indicating the
presence of moisture in the Bhasma. The peaks at
2510 cm! and 1795 cm! are associated with C-H stretching
and C=0 stretching vibrations, respectively. The prominent
peaks centered around 1400 cm™, 873 ¢cm™ and 710 cm’!
represent symmetric and asymmetric COs* vibrations,
characteristic of the calcite form of calcium carbonate. The
additional peak at 490 cm™! is indicative of the presence of
Ca-O bonds [26-28].
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Fig. 3. Optical microscopy image (A), UV-visible spectrum (B), Tauc plot
(C) and FTIR spectrum (D) of Praval Bhasma.

Rajat Bhasma

The optical microscopy image of Rajat Bhasma (Fig. 4A)
exhibited a powdery texture with average particle size of
31.2 um. While silver nanoparticles typically exhibit a
surface plasmon resonance near 420 nm [29], the
absorption band for Rajat Bhasma appeared at 338 nm in
its UV-visible spectrum (Fig. 4B), suggesting the likely
presence of other metallic particles rather than pure silver
nanoparticles. The band gap energy of Rajat Bhasma,
calculated from the Tauc plot (Fig. 4C), was found to be
1.94 eV, indicating the presence of nanoparticles.
The calculated band gap energy is very close to that of
green synthesized silver oxide nanoparticles (2.1 eV)
reported in the previous studies [30]. In the FTIR spectrum
of Rajat Bhasma (Fig. 4D), a broad band between 3700 and
3900 cm™! corresponds to O-H stretching vibrations. A Peak
at 1460 cm™! is attributed to CH» bending vibrations, while
the peak centered at 408 cm™' is associated with Ag-O
bonding [31,32].
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Fig. 4. Optical microscopy image (A), UV-visible spectrum (B), Tauc plot
(C) and FTIR spectrum (D) of Rajat Bhasma.
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Sankha Bhasma

Sankha Bhasma exhibited a fine powdery texture with an
average particle size of 14.7 um, as observed in the optical
microscopy image (Fig. SA). The distinct absorption band
at 336 nm observed for Sankha Bhasma in UV-visible
spectrum (Fig. 5B) points to the presence of calcium oxide
nanoparticles, as noted in previous studies [24]. The band
gap energy of Sankha Bhasma, calculated from the Tauc
plot (Fig. 5C), was found to be 4.85 eV, indicating the
presence of nanoparticles. The calculated band gap energy
is very close to that of calcium oxide nanoparticles (4.22
eV) reported in earlier studies [25]. The FTIR spectrum of
Sankha Bhasma (Fig. 5D) closely resembles that of Praval
Bhasma. The peak centered at 3640 cm™ corresponds to
O-H stretching vibrations, signifying moisture content. The
prominent peaks at 1415 cm’!, 874 cm! and 712 cm'! are
characteristic of the calcite form of calcium carbonate, and
the additional peak at 425 ¢cm™! confirms the presence of
Ca-O bonds [33,34].
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Fig. 5. Optical microscopy image (A), UV-visible spectrum (B), Tauc plot
(C) and FTIR spectrum (D) of Sankha Bhasma

Suvarnamakshik Bhasma

Suvarnamakshik Bhasma showed a powdery texture with
an average particle size of 30 um, as observed under optical
microscopy image (Fig. 6A). The UV-visible spectrum
(Fig. 6B) displayed an absorption peak at 310 nm, which
corresponds to the presence of iron sulphide (285 nm) and
copper sulphide (287 nm) nanoparticles, consistent with
findings from previous research [35,36].

The band gap energy of Suvarnamakshik Bhasma was
obtained from the Tauc plot (Fig. 6C) as 5.25 eV,
suggesting the presence of nanosized particles. The band
gap energy does not match that of iron sulphide
nanoparticles (4.36 eV) and copper sulphide nanoparticles
(2.31 eV) reported in the earlier studies [37,38] but the
result is close to the value found for Loha Bhasma (5.12
eV) and Tamra Bhasma (5.36 eV), suggesting the presence
of iron oxide and copper oxide nanoparticles. This is
supported by the FTIR spectrum of Suvarnamakshik
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Bhasma (Fig. 6D). In FTIR spectrum, a peak at 1069 cm!
corresponds to C-O stretching vibrations, while the peaks
at 528 cm™! and 439 cm! are attributed to Fe-O and Cu-O
bonds, respectively [39].
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Fig. 6. Optical microscopy image (A), UV-visible spectrum (B), Tauc plot
(C) and FTIR spectrum (D) of Suvarnamakshik Bhasma

Tamra Bhasma

Tamra Bhasma appeared as a fine powder with an average
particle size of 18.6 um, as observed in the optical
microscopy image (Fig. 7A). Tamra Bhasma showed an
absorption bands at 340 and 460 nm in the UV-visible
spectrum (Fig. 7B), which can be attributed to cupric oxide
nanoparticles and is closely aligned with the CuO
absorption band at 360 nm reported in the literature [40].
The band gap energy of Tamra Bhasma was obtained from
the Tauc plot (Fig. 7C) as 5.36 eV, suggesting the presence
of nanosized particles. However, band gap energy for
copper oxide nanoparticles is reported as 2.74 eV in earlier
studies [41]. The FTIR spectrum of Tamra Bhasma
(Fig. 7D) displayed O-H stretching vibration band around
3735 cm’!, a C-O stretching vibration at 1056 cm™, and a
characteristic Cu-O bond peak at 430 cm™! [42].
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Fig. 7. Optical microscopy image (A), UV-visible spectrum (B), Tauc plot
(C) and FTIR spectrum (D) of Tamra Bhasma
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Trivanga Bhasma

Trivanga Bhasma showed a powdery texture with an
average particle size of 37.2 um, as seen in the optical
microscopy image (Fig. 8A). Trivanga Bhasma exhibited
three distinct bands at 214, 248 and 322 nm in the UV-
visible spectrum (Fig. 8B), indicating the presence of
nanosized forms of lead, tin, and =zinc compounds,
respectively. These findings correlate with reported
absorption bands for lead oxide nanoparticles at 230 nm
[43], tin oxide nanoparticles at around 250 nm [44] and zinc
oxide nanoparticles at 367 nm [45]. The band gap energy of
Trivanga Bhasma was obtained from the Tauc plot
(Fig. 8C) as 5.35 eV, suggesting the presence of nanosized
particles. The calculated band gap energy is much closer to
that of lead oxide nanoparticles (5.52 eV) [46] but much
greater than that for tin oxide nanoparticles (3.02 eV) [47]
and zinc oxide nanoparticles (3.26 eV) reported in earlier
studies [48]. In the FTIR spectrum of Trivanga Bhasma
(Fig. 8D), peaks at 2340 cm™, 1463 cm™ and 1039 cm™!
correspond to the asymmetric stretching vibration of CO,
molecule, CH, bending vibrations and C-O stretching
vibrations, respectively. Additionally, peaks at 593 cm’!
and 471cm™ are attributed to Sn-O and Cu-O bonds,
respectively [42,49].
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Fig. 8. Optical microscopy image (A), UV-visible spectrum (B), Tauc plot
(C) and FTIR spectrum (D) of Trivanga Bhasma

Vanga Bhasma

Vanga Bhasma showed a powdery texture with an average
particle size of 30.5 um, as seen in the optical microscopy
image (Fig. 9A). In the UV-visible spectrum of Vanga
Bhasma (Fig. 9B), absorption band at 290 nm was
observed, consistent with the presence of tin oxide
nanoparticles as previously noted [44], while an additional
absorption band at 390 nm may suggest copper oxide
nanoparticle impurities [40].

The band gap energy of Vanga Bhasma, calculated
from the Tauc plot (Fig. 9C), was found to be 4.47 eV,
indicating the presence of nanoparticles. Band gap energy
for tin oxide nanoparticles is, however, reported to be
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3.02 eV in previous literature [47]. In the FTIR spectrum of
Vanga Bhasma (Fig. 9D), a peak at 605 cm™' corresponds
to the characteristic Sn-O bond [49]. The peak at 459 cm!
is indicative of the presence of Cu-O bonds, further
supporting the UV-visible findings of copper oxide content.
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Fig. 9. Optical microscopy image (A), UV-visible spectrum (B), Tauc plot
(C) and FTIR spectrum (D) of Vanga Bhasma

Yashad Bhasma

Yashad Bhasma appeared as a powder with an average
particle size of 28 um, as observed in the optical
microscopy image (Fig. 10A). Yashad Bhasma revealed a
notable peak at 347 nm in the UV-visible spectrum (Fig.
10B), which corresponds well with the zinc oxide
nanoparticle absorption band at 367 nm reported in the
literature [45]. The band gap energy of Yashad Bhasma,
calculated from the Tauc plot (Fig. 10C), was found to be
4.85 eV, indicating the presence of nanoparticles. However,
band gap energy for zinc oxide nanoparticles is reported as
3.26 eV in the earlier literature [48]. The FTIR spectrum of
Yashad Bhasma (Fig. 10D) displayed peaks at 1466 cm’!,
887 cm™ and 419 cm’, associated with CH, bending
vibrations, C-O stretching vibrations, and Zn-O bond,
respectively [50].
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Fig. 10. Optical microscopy image (A), UV-visible spectrum (B), Tauc
plot (C) and FTIR spectrum (D) of Yashad Bhasma
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Summary

Optical microscopy images of the Bhasmas revealed that
the Bhasma particles have powdery morphology with
average particle sizes falling within the micrometer range.
UV-visible spectroscopy of those Bhasmas detected
absorption peaks ranging from 257 to 390 nm, suggesting
the presence of nanosized particles. This observation is
supported by the calculation of band gap energy using the
Tauc plot. The band gap energy of those Bhasmas lies in
the range of 1.94 to 5.36 eV. Additionally, FTIR analysis
confirmed the presence of various organic moieties and
metal-oxygen bonds in the Bhasma samples. A detailed
summary of the observations is depicted in Supporting
Table S1.

CONCLUSION

The present study provides a comprehensive
physicochemical evaluation of commercially available
Ayurvedic Bhasmas using optical microscopy, UV-visible
spectroscopy, and FTIR analysis. Optical microscopy
revealed heterogeneous particle sizes and powdery
textures, indicating the presence of micro- to nanoscale
particles. UV-visible spectroscopy showed characteristic
absorption patterns and band gap energies suggestive of
nanosized particles with potential therapeutic relevance.
FTIR analysis revealed the presence of metal-oxygen bonds
and organic functional groups, reflecting possible herbal
interactions with metallic or mineral components of
Bhasmas during their preparation. Overall, the combined
microscopic and spectroscopic results emphasize the
unique structural and chemical features of Ayurvedic
Bhasmas, supporting their classification as traditional
nanomedicine. Further standardization and in-depth
characterization are, however, essential to ensure their
consistency, safety, and efficacy in clinical applications.
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