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Abstract

While exploring healthcare applications of nanomaterials, it is intuitively sensed that therapeutic
properties of metal based ayurvedic compositions might be associated with the nano-scale
features. To bridge the gap between vedic and modern sciences, extensive physico-chemical
investigations were performed on Swarnabhasma, Roupyabhasma and Jasadbhasma (prepared in
accordance with traditional ayurvedic protocol in toto) using ultramodern analytical tools. X-ray
Diffractometry (XRD), Field-Emission Scanning Electron Microscopy (FESEM), Xray
Photoelectron Spectroscopy (XPS), Field-Emission Transmission Electron Microscopy
(FETEM), High-Resolution TEM (HRTEM), Scanning Transmission Electron Microscopy
(STEM) with High Angle Annular Dark-Field (HAADF) and Elemental Mapping were
predominantly employed to judge structure, texture, morphology and elemental/chemical
composition & distribution in such metal based formulations

Introduction

While exploring healthcare applications of nanomaterials, it is intuitively sensed that therapeutic
properties of metal based ayurvedic compositions might be associated with the nano-scale
features. To get head start towards this quest, we primarily focused on Au (Swarnabhasma), Ag
(Roupyabhasma) and Zn (Jasadbhasma) based herbo-metallic compositions which were prepared
and successfully used in the treatment of assorted cancers and other diseases by Pune-based
Ayurvedic Physician Dr. Bendale. We have conducted extensive physico-chemical investigations
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on such bhasmas. Typical test samples were prepared by strictly following traditional ayurvedic
protocol in toto under the supervision of Dr. Bendale. Ultramodern analytical tools such as X-ray
Diffractometry (XRD), Field-Emission Scanning Electron Microscopy (FESEM), X-ray
Photoelectron Spectroscopy (XPS), Field-Emission Transmission Electron Microscopy
(FETEM), High-Resolution TEM (HRTEM), Scanning Transmission Electron Microscopy
(STEM) with High Angle Annular Dark-Field (HAADF) and Elemental Mapping were
employed to judge the relevant aspects of structure, texture, morphology and elemental/chemical
composition & distribution.

Results and Discussion

Structurally, XRD patterns confirm the presence of (i) phase-pure face-centered cubic structure
of Au in Swarnabhasma and Ag in Roupyabhasma and (ii) ZnO with hexagonal structure in
Jasadbhasma (Fig.1). FETEM images disclose presence of poly-dispersed irregular shaped
nanoscale morphological features (along with occasional spherical nanoparticles) in case of
Swarnabhasma (Fig.2) and Roupyabhasma (Fig.3) while that of poly-dispersed faceted nanoscale
morphological features in case of Jasadbhasma (Fig.4). Quite interestingly, spatial resolution for
atom to atom chemical mapping by STEM-HAADF-EDS technique revealed notable presence of
oxygen in case of Swarnabhasma (Fig.5) and Roupyabhasma (Fig.6) which did not specify
presence of the respective metallic oxides by XRD. To ascertain the precise nature (ambient,
trapped or chemically incorporated) of oxygen present in these 2 bhasmas, we have carefully
examined XPS data. Survey and High Resolution Scans of Swarnabhasma (Fig.7) and
Roupyabhasma (Fig.8) revealed prominent presence of chemically incorporated atomic oxygen
in such bhasmas probably leading to formation of the surface/sub-surface oxides of the
respective metals in such bhasma samples which cannot be ordinarily detected by bulk-technique
like XRD. Since Jasadbhasma is predominantly ZnO, the pertinent XRD, STEM-HAADF-EDS
(Fig.9) and XPS (Fig.10) data go hand in hand.

Such perplexing findings presented in this talk can surely play an illustrative role in bridging the
gap between Vedic science and modern science.
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Figure 1: X-ray diffractograms of (a) Swarnabhasma, (b) Roupyabhasma and (c) Jasadbhasma samples
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Figure 4: FETEM images of Jasadbhasma sample at (a) low, (b) intermediate and (c) high magnification
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Figure 5: FETEM-STEM-HAADF
elemental ~mapping images of
Swarnabhasma sample corresponding
to (a) electron image and elemental
mapping images corresponding to (b)
C, (c) O, (d) Ca, (¢) Mg and (f) Au

(c)
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Figure 6: FETEM-STEM-HAADF
elemental mapping images of
Roupyabhasma sample corresponding

to (a) electron image and elemental
mapping images corresponding to (b)
0, (c) Ca, (d) Mg, (e) Ag and (f) Cu
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Figure 7: XPS spectra of Swarnabhasma sample - (a)
Survey scan and high resolution scans corresponding to
(b) C 1s, (c) N 1s, (d) Au 4f, (e) O 1s, (f) Si2p and (g) P
2p
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Figure 8: XPS spectra of Roupyabhasma sample - (a) Survey scan and high resolution scans corresponding to (b) C
Is, (c) Ag 3d, (d) O 1s, (e) Si2p and (f) P 2p
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Figure 9: FETEM-STEM-HAADF elemental mapping images of Jasadbhasma sample corresponding to (a) electron image
and elemental mapping images corresponding to (b) O, (c) Zn and (d) Si

153



Azadi ka Amrit Mahotsav ISAS Webinar Series: A few Excerpts

—— XPS survey scan Cls o Raw data n 2p o Raw data
Zn2p

—— Finted data

Intensity (a.u.)
Intensity (a.u.)
Intensity (a.u.)

0 00 400 600 800 1000 1200 282 284 286 288 0

! Binding energy (eV) 1016 1020 1024 1028 1032 1035 1040 1044 1048 1052
Binding energy (eV) g energy ( Binding energy (V)
Ols o Raw data i2 o Rawdata P2 o Raw data
£ ~—— Fitted data SiZp —— Fitted data P 5ol —Fitled daa

Intensity (a.u.)
Intensity (a.u.)
Intensity (a.u.)

L L L
4 4 4 : 4 ) : 4 132 133 134 135 136

L '

s % S0 s s S S8 10 1ol 12 W3 14 105 106 -

i i o Binding energy (eV)
Binding energy (eV) Bindine enerev (V) -

Figure 10: XPS spectra of Jasadbhasma sample - (a) Survey scan and high resolution scans
corresponding to (b) C 1s, (¢) Zn 2p, (d) O 1s, (e) Si 2p and (f) P 2p

Conclusions

Advanced Non-destructive Materials Characterization performed on Traditional Au,Ag and Zn
based Bhasmas reveal presence of Nanoscale features along with mysterious bonding between
atomic oxygen and the respective metal especially in Swarnabhasma and Roupyabhasma. This
exploration can open up new vistas for structure-(medicinal) property relationship in herbo-
metallic ayurvedic compositions.
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