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Investigation of molecular footprints in ultra-high diluted homoeopathic solutions
of Arnica montana and Rhus toxicodendron through combined infrared and
impedance spectroscopy

Abstract

Background: The study of ultra-high diluted (UHD) solutions is a compelling and controversial domain in
modern science. Despite numerous investigations and hypotheses, there is a lack of rigorous,
reproducible empirical evidence supporting the existence of molecular footprints beyond the Avogadro's
limit. Objective: This study conducted a detailed investigation of the molecular and electrical properties,
focusing on hydrogen bonding and impedance to understand the fundamental nature of UHD solutions.
Materials and methods: Combined impedance and infrared spectroscopic investigations were performed
to probe the structural behaviour of relevant water networks at the molecular level of UHD alcoholic
extract of Arnica montana (AM) and Rhus toxicodendron (RT). Results: At higher potencies (200C and
1M) of both AM and RT, an interesting correlation was observed between impedance and spectral
characteristics. An increase in impedance was observed with potencies for both AM (93.9%) and RT
(49%), which was attributed to changes in the hydrogen bonding network and molecular reorganisation
during potentisation. This correlates with the Mid-IR spectra, showing increased hydrogen bond length
and potential weakening of inter-molecular hydrogen bonds with increasing potency. Also, Far-IR spectra
indicate a contrast in the system's enthalpic gain with increased potencies for both AM (29.8%) and RT
(65.2%). Conclusion: Distinct variations in spectral and electrical parameters have been observed for AM
and RT due to potentisation, suggesting that these solutions retain structural and molecular traits despite
extreme dilutions. This notion may revisit traditional homoeopathic treatment approaches by addressing
conflicting paradigms regarding the presence of molecular footprints in UHD solutions.
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ABSTRACT

Background: The study of ultra-high diluted (UHD) solutions is a compelling and controversial domain in modern
science. Despite numerous investigations and hypotheses, there is a lack of rigorous, reproducible empirical evidence
supporting the existence of molecular footprints beyond the Avogadro’s limit. Objective: This study conducted a detailed
investigation of the molecular and electrical properties, focusing on hydrogen bonding and impedance to understand
the fundamental nature of UHD solutions. Materials and methods: Combined impedance and infrared spectroscopic
investigations were performed to probe the structural behaviour of relevant water networks at the molecular level of
UHD alcoholic extract of Arnica montana (AM) and Rhus toxicodendron (RT). Results: At higher potencies (200C and 1M)
of both AM and RT, an interesting correlation was observed between impedance and spectral characteristics. An increase
in impedance was observed with potencies for both AM (93.9%) and RT (49%), which was attributed to changes in the
hydrogen bonding network and molecular reorganisation during potentisation. This correlates with the Mid-IR spectra,
showing increased hydrogen bond length and potential weakening of inter-molecular hydrogen bonds with increasing
potency. Also, Far-IR spectra indicate a contrast in the system’s enthalpic gain with increased potencies for both AM
(29.8%) and RT (65.2%). Conclusion: Distinct variations in spectral and electrical parameters have been observed for
AM and RT due to potentisation, suggesting that these solutions retain structural and molecular traits despite extreme
dilutions. This notion may revisit traditional homoeopathic treatment approaches by addressing conflicting paradigms
regarding the presence of molecular footprints in UHD solutions.
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Introduction

Ultra-high diluted (UHD) solutions, often exceeding
the point at which no molecules of the original solute
are theoretically present, represent a controversial
yet intriguing field of modern science, as they chal-
lenge established principles of chemistry and physics.
Central to this debate is the hypothesis of “molecular
footprints,” which posits that structural or energetic
imprints of the solute may persist in the solvent
even at extreme dilutions, thereby supporting claims
of retained therapeutic efficacy in practices such
as Homoeopathy. !> The homoeopathic remedies are
typically prepared through successive centesimal di-
lutions (1:100), combined with vigorous shaking
or succussion—a process termed potentisation or
dynamisation—during which considerable mechani-
cal energy (~40.43 Nm per stroke) is imparted to
the solution.® The potency level is expressed as nC,
where n indicates the number of dilutions—succussion
steps (e.g., 1C = 1072, 2C = 10, and in gen-
eral, nC = 1072").* UHDs may thus be regarded
as very low molarity repetitively succussed diluted
liquids,® distinguished by physicochemical proper-
ties markedly different from those of the original
solvent.®

In this study, we investigated two widely used
homoeopathic medicines: Arnica montana (AM) and
Rhus toxicodendron (RT), at ultra-high potencies
(200C and 1M; dilution factors of 10™%%° and
1072990 respectively), both recognised for their anal-
gesic, anti-inflammatory, and potential anticancer
effects.””'” The molecular organisation in UHDs is
largely governed by the hydrogen-bond (HB) net-
work of water and its interaction with ethanol,
which functions as a stabilising co-solvent. In Fourier-
transform infrared (FTIR) spectroscopy, the mid-
infrared (MIR) spectral features—specifically the
O-H stretching and H-O-H bending modes—are
primarily sensitive to intra-molecular hydrogen bond-
ing and reflect local HB environments within water
molecules. By contrast, the far-infrared (FIR) region,
particularly the librational modes, captures inter-
molecular HB structure and dynamics through collec-
tive, out-of-plane molecular motions. Complementing
these vibrational insights, impedance spectroscopy
probes dielectric and conductive properties, offer-
ing an indirect yet sensitive marker of molecular
structuring and charge-transport behaviour across
potencies.

Spectroscopic investigations have been instrumen-
tal in elucidating the physicochemical properties of
UHDs, aiming to capture molecular-level changes in-
duced during potentisation and to probe possible
mechanisms of action. '® IR and Raman spectroscopy

provide complementary insights into vibrational
modes and scattering patterns, revealing modifica-
tions in hydrogen-bonded networks stabilised by
ethanol. '%?° Given water’s central role as a solvent,
its extensive HB network is crucial for solute be-
haviour,?' and numerous computational and exper-
imental studies have examined bulk water structure
and vibrational dynamics,?? although solute-water
interactions remain less well understood.?® Recent
work combining TEM and Raman spectroscopy with
deep learning has differentiated highly diluted gold
solutions across potencies.?* Similarly, potentisation
of Aurum metallicum up to 10%°° has been shown to
form a stabilising hydrocarbon layer on nanoparti-
cles,?® further highlighting the potential for struc-
tural modifications even at extreme dilutions. These
investigations, however, were confined to potencies
around 200C and did not extend to higher scales
such as 1M, nor did they systematically examine HB
network organisation or impedance responses. FTIR
spectroscopy distinguishes intra- and inter-molecular
HB features in the MIR and FIR regions,?® while
impedance studies reveal dielectric and conductiv-
ity variations linked to molecular interactions.?”-?®
Dielectric dispersion analyses have revealed struc-
tured solvent vehicles, and electromagnetic induction
studies have demonstrated frequency-dependent ef-
fects.? Potentisation has also been suggested to
induce structural alterations in water, >° while electric
fields in UHDs may modulate cellular interactions, !
pointing to a potential physicochemical basis for their
biological activity. Nevertheless, robust mechanis-
tic evidence is still lacking, as many studies face
methodological limitations, with most impedance-
based investigations remaining limited to narrow
frequency ranges.

Systematic investigations of hydrogen bonding and
impedance, particularly at potencies beyond 200C,
remain essential for advancing the fundamental un-
derstanding of UHD solutions. In this regard, we
integrate impedance spectroscopy with FIR- and MIR-
resolved FTIR to probe intra- and inter-molecular
HB features alongside dielectric and conductive
properties. Since the dielectric environment gov-
erns molecular interactions and signal transmission
in biological systems, impedance variations provide
indirect yet meaningful indicators of medicinal activ-
ity. Applied at potencies beyond conventional limits
(200C-1M), this combined approach reveals struc-
tural features not previously resolved at such extreme
dilutions. To our knowledge, this is the first study
to directly correlate hydrogen-bond network organ-
isation with dielectric response in UHD medicines,
offering new mechanistic insights into their potential
action.
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Materials and methods

Sample preparation

Ethanolic whole plant extract of AM (in 60%
Ethanol) and leaf extract of RT (in 80% ethanol) were
prepared as mother tinctures in accordance with the
revised and augmented guidelines of the Homoeo-
pathic Pharmacopoeia of India.>? The crude tinctures
were subsequently dynamised by standard serial di-
lution in dispensing alcohol (91% ethanol), with
succussion at each step as prescribed by HPI, to obtain
successive potencies. All medicines, along with suc-
cussed ethanol controls at corresponding potencies,
were procured as commercially available remedies in
sealed glass bottles from M. Bhattacharyya and Co.
(Kolkata, India), a long-established, GMP-certified
licensed manufacturer operating under applicable
regulatory frameworks, with all samples originating
from the same batch. In addition, unsuccussed dis-
pensing alcohol used for potency preparation was
obtained from the same manufacturer for appro-
priate comparison. To ensure reproducibility, none
of the medicines were prepared in-house, thereby
minimising variability, human-induced errors, and
potential contamination; all samples were manufac-
tured within the same batch. Ultrapure water with a
resistivity of 18MS -cm and absolute ethanol (99.9%,
Merck, Product ID: 100983) were included as ad-
ditional solvent controls. In the present study, both
succussed and unsuccussed alcohol controls were em-
ployed. However, for clarity and consistency, only
data corresponding to the succussed ethanol controls
were included in the main analysis. Representa-
tive impedance spectra of 200C and 1M succussed
ethanol-water solutions are provided in Fig. S1(A).

FTIR measurements

FTIR measurements were conducted using the sin-
gle reflection type attenuated total reflection (ATR)
attachment (Miracle 10) equipped with a ZnSe crystal
(SHIMADZU, Japan), which has a refractive index
of 2.59, and a spectrometer featuring a DLaTGS de-
tector. A He-Ne laser with an excitation wavelength
of 632.8 nm was employed. Spectral acquisition and
background noise elimination were performed using
the LabSolutions IR software (SHIMADZU, Japan).
Data were collected in transmission mode over the
400-4000 cm™ range, covering both the FIR and
MIR regions. A total of 45 scans were performed in
1 minute at a resolution of 4 cm™. Spectrum for each
dynamised solution was obtained in triplicate. Addi-
tionally, a sample of ethanol (91% v/v), the matching
solvent, was subjected to FTIR analysis. All the mea-

surements were performed in a room at controlled
temperature of 25 + 1°C.

Electrical impedance spectroscopy

Electrical Impedance Spectroscopy (EIS) of the
samples were conducted using an Electrochemical
Workstation (CH Instruments, CHI660E) with screen-
printed electrodes or SPE (Zensor, TE100) serving as
the measurement platform. Measurements were per-
formed by applying a 250 mV AC signal across the
50 Hz to 1 MHz frequency range. A drop of 20 pL
solution was placed on the top of SPE strip for each
measurement. The SPEs were changed prior to any
measurement.

Data analysis

The observed FTIR spectra for each solution were
merged to generate average spectrum in OriginPro
2018 (OriginLab, USA). The spectral output, initially
obtained in percentage transmission (%Transmis-
sion), was subsequently converted into absorbance
using the following relationship:

Absorbance = 2 — log (%Transmission) (1

The obtained absorbance profiles were subse-
quently fitted with Gaussian peak function after
performing the baseline correction:

—4In(2)(x—xc)
e w2

y=y0+ ———
W/m

where, y0, A, w, xc correspond to base, area, FWHM,
and the central frequency value. The peak height (yc)
was determined by the following formula:

(2)

A
yc=y0+ —— 3)

T
W\/ anin @

The pertinent fitting parameters are compiled in
Table S1, S2 and S3.

To determine the solution resistance RS for study-
ing the impedimetric variations in the selected
samples, the Bode magnitude plots were fitted by
equivalent circuits, discussed in subsequent section.

Results

The impedance spectra (50 Hz to 1 MHz) for dif-
ferent potencies (200C and 1M) of both samples are
illustrated in Fig. 1(A) and (B). Fig. 1(A) shows the
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Fig. 1. (A) Electrical impedance spectra of AM and (B) RT for 200C and 1M potencies. (C) Schematic representation of the setup with the
3-electrode screen-printed electrode and a representative equivalent circuit. (D) Solution resistance for AM and RT for different potencies.
Inset shows the percentage variation of impedance due to potentisation.

Bode magnitude spectra for AM, while Fig. 1(B) dis-
plays the same for RT. Within the frequency range
considered, the impedance values exhibit notable
variations for both AM and RT at different poten-
cies. For AM, the impedance ranges from 6.2 KQ to
0.27 K2 with varying frequency at 200C potency and
from 67.1 K2 to 1.04 K2 at 1M potency. In contrast,
for RT, the impedance spans from 35.5 K2 to 0.7 KQ
at 200C potency and from 75.5 KQ to 0.71 KQ at
1M potency in the aforementioned frequency win-
dow. These findings underscore distinct impedance
behaviors as the potency increases for both AM and
RT, indicating the influence of potentisation on their
electrical properties. Fig. 1(C) schematically depicts
the setup with the screen-printed 3-electrode and
a representative equivalent circuit used to calculate
the solution resistance RS. It was observed that the
solution resistance increases with higher potencies
for both samples, as depicted in Fig. 1(D). Notably,
the percentage variation in RS due to potentisa-
tion is 93.9% for AM, compared to 49% for RT
(inset of Fig. 1(D)). This significant difference high-
lights the presence of distinct molecular traits and
structural responses in these UHD solutions. In ad-
dition, Fig. S1(A) presents representative impedance
spectra for 200C and 1M succussed ethanol-water so-
lutions, both in the absence and presence of medicinal
samples, thereby delineating the intrinsic dielectric
signatures arising from succussion-induced solvent
structuring and their modulation upon incorporation
of AM and RT. The accompanying solution resistance
analysis Fig. S1(B) further highlights systematic,
potency-dependent differences between control and

medicinally potentised solutions, underscoring the
medicine-specific perturbation of the solvent network
superimposed on the baseline solvent response.

Fig. 2 (A-D) presents the MIR spectra (3000-
3600 cm™) focusing on the O—H stretching modes
of water. A consistent blue shift (toward higher
wavenumbers) of the O—H stretching modes is ob-
served for both samples. For AM, the stretching
frequency shifts from 3331 cm™ at 200C potency
to 3336 cm™! at 1M potency. Similarly, for RT, the
shift is observed from 3322 cm™ at 200C to 3336
cm™! at 1M potency. Fig. 2(E) displays the char-
acteristic frequency values for the cumulative O—H
stretching peaks for both AM and RT at different
potencies. The cumulative spectra have been decon-
voluted into three sub-modes representing strong,
weak and broken H-bonded O—H stretching modes.
These deconvoluted peaks also exhibit similar blue
shifts for the respective samples, indicating consistent
changes in H-bonding dynamics with varying poten-
cies. Additionally, with the increased potencies of AM
and RT, a decrease in strong HB population (3.53%
in AM and 2.02% in RT) and an increase in weak and
broken HB population (2.42% in AM and 1.00% in
RT) have been observed.

The MIR vibrational spectra (1550-1750 cm™)
relevant to the H—O—H bending modes are shown in
Fig. 3. For both AM and RT, a red shift (shift toward
lower wavenumbers in the bending mode) is observed
as the potencies increase. However, this shift is more
pronounced for AM compared to RT. This significant
observation highlights the distinct behavior of UHD
solutions, particularly in terms of H—O—H bending

20 Indian Journal of Research in Homoeopathy | Volume 20 | Issue 1 | January-March 2026
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Fig. 2. (A, C) IR spectra of O-H stretch vibration for AM and RT for 200C and (B, D) 1M potencies. The cumulative peaks have been
deconvoluted in three sub-modes. (E) The characteristic frequency values for the cumulative O—H stretching peaks for both AM and RT at

different potencies.
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Fig. 3. IR spectra of H—O—H bending vibration for (A) AM and (B) RT for 200C and 1M potencies.

dynamics. The variations in the (a)symmetric
H—O—H bending and O—H stretching modes, and the
corresponding changes in HB lengths across different
potencies are schematically depicted in Fig. 4.

The FIR spectra (500-600 cm™) for both samples
with varying potencies are shown in Fig. 5(A) and
(B), where the characteristic peak corresponds to the
inter-molecular libration modes of water molecules.
The area under the curve relevant to the librational
mode, indicative of the system’s enthalpy,3>*

is depicted in Fig. 5(C). The inset highlights the
percentage variation in the area due to potentisation
(29.8% for AM and 65.2% for RT), further empha-
sising the enthalpic gain observed in the systems
as potencies increase. The differing percentage
variations, and consequently the distinct enthalpic
gains observed for AM and RT, further reinforce the
presence of molecular traces even in UHD solutions.
In addition, complete IR spectra (500-4000 cm™) for
selected medicines have been illustrated in Fig. S2.
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Fig. 4. Schematic representation of (a)symmetric O—H stretch,
H—O—H bending modes, and the corresponding changes in hydro-
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Discussion

Increase in impedance with potencies for both
AM and RT may be attributed to changes in the
HB network and the overall molecular structure of
the solutions as they are further diluted and po-
tentised. Additionally, the molecular reorganisation
during potentisation and reduced ionic mobility may
contribute to the higher impedance. The differing
variations in impedance observed during the poten-
tisation of AM and RT suggest distinct molecular
footprints for each solution. As these UHD solu-
tions (200C) are further potentised (1M), the unique
impedance responses indicate that despite extreme
dilutions, specific molecular characteristics or resid-
ual structures are retained in each solution. These
variations reflect how the potentisation process af-
fects the molecular organisation and HB dynamics
differently for each substance, providing evidence
that these solutions maintain distinct molecular im-
prints, or footprints, even at high dilutions. Such
notions on the electrical properties can be further
validated by an in-depth analysis of the IR spectral
traits in the MIR and FIR regions.

Intra-molecular O—H stretch of water facilitates to
probe the local HB environment. The frequency of
the O—H stretch vibration is inversely related to the
strength of intermolecular HBs.** Thus, a strong HB
results in a red shift, while a weaker bond causes a
blue shift in O—H stretch frequency, which follows
the Novak-Mikenda relationship. *°

In this study, a consistent blue shift in the cumula-
tive O—H stretch frequency with increasing potencies
for both AM and RT suggests that, with higher poten-
cies, the HBs in the water structure become longer
and possibly weaker, indicating significant changes
in the molecular organisation at these extreme dilu-
tions. *”-*® To gain a more detailed understanding, the
broad O—H stretch peak was further deconvoluted
into three distinct frequency peaks,*° each corre-
sponding to strong, weak, and broken H-bonded O—H

stretch modes. These spectral features are commonly
referred to as “icelike” for strong H-bonded OH modes
and “liquid-like” for weak H-bonded OH modes. "’
Notably, all the deconvoluted peaks exhibit a blue
shift, which aligns with the overall blue shift observed
in the cumulative broad peak, indicating a consistent
trend of increasing HB length and a possible weaken-
ing of the inter-molecular HBs as potency increases.
Consequently, a decrease in strong HB population and
an increase in weak and broken HB population with
the increased potencies of AM and RT was observed.
This is particularly significant as it suggests a struc-
tural rearrangement in the water molecules, possibly
reflecting the residual molecular effects hypothesised
in UHD solutions. The electrical properties of these
solutions, as measured by impedance spectroscopy,
further support these findings. The impedance data
show a clear trend where increased inter-molecular
HB length leads to higher impedance, which is in
alignment with a previous report.“%*' Progressive
weakening and elongation of hydrogen bonds, as
probed by OH stretching features, hence, translates
into higher electrical resistance and altered dielectric
behavior detected through impedance spectroscopy.
This correlation highlights the sensitivity of the sys-
tem’s electrical conductivity to changes in H-bonding,
providing another layer of evidence for the structural
alterations induced by potentisation.

The unique H—O—H bending mode of water
molecules, which is highly responsive to the HB
strength of the system and crucial in understanding
the subtle yet significant changes occurring in UHD
solutions was focused on. It has been well-established
that a higher O—H stretch mode frequency corre-
lates with a lower H—O—H bending mode frequency,
indicating a weaker inter-molecular O--H bond. 3442
This behavior is also evident in the study results,
where the H—-O—H bending frequency shifts towards
lower energy (red shift for bending mode) as we
move to higher potencies of both AM and RT. This
red shift further indicates a weakening of the inter-
molecular O—H bonds with increasing potency. This
notion provides crucial insights into the H-bonding
dynamics within the UHD solutions. The weakening
of the inter-molecular O—H bonds induces a higher
rate of kinetic depolarisation inside the system.?%33
Such depolarisation, linked to the weakening of
HBs, is more pronounced in AM than in RT, as re-
flected synergistically in both MIR (corresponding
to H—-O—H bending) and impedance measurements.
This observation is crucial not only for understand-
ing the structural changes in UHD solutions but also
for differentiating between the solutions of differ-
ent molecules. Such differentiation is essential for
comprehending the broader implications of extreme
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dilutions on the physical and chemical characteris-
tics, potentially offering empirical support for their
distinct properties and effects.

In the FIR region, the inter-molecular out-of-plane
librational modes, which provide insights into the
collective dynamics of water molecules was focused
on. It has been previously concluded that this region
provides the direct spectroscopic signature of bound
water molecules with an additional enthalpic effect
contributing to the overall HB dynamics of the sys-
tem. ®>** Significant variations in the area under the
curve relevant to the librational mode were observed
across different potencies, which are indicative of
different system enthalpies.®* It has been observed
that RT exhibits a higher enthalpic gain compared
to AM as the potency increases. This enthalpic gain
is crucial because it suggests that RT undergoes a
different kind of structural rearrangement, one that
is energetically more favorable. Previous studies
have shown that a higher enthalpic gain (AH) is
associated with a smaller change in the projection
of the total dipole moment (AM) of the system on

the electric field (}_f) direction.*®* Such decremental
variation in AM results in a lower rate of dielectric,
and consequently, impedimetric dispersion. This
observation is consistent with our impedance data,
where RT demonstrates lower impedance alteration
compared to AM while moving towards higher

potencies. Overall, impedance variations align closely
with FTIR evidence of hydrogen-bond reorganisation
and the corresponding solvation enthalpy, indicating
that potency-dependent O-H interactions (both intra-
and intermolecular), rather than size, charge, or
bandgap effects, dominate the observed electrical
response. Our findings show that UHD solutions
of AM and RT undergo progressive hydrogen bond
reorganisation, evidenced by O-H stretching blue
shifts, H-O-H bendiFng red shifts, and impedance
variations. These spectral and electrochemical
markers indicate weakened intermolecular HBs,
reduced ionic mobility, and preserved structural
traits despite extreme dilutions.

These findings provide compelling evidence to
challenge conventional understanding by opening
new avenues for further exploration, especially in HB
network modulation. Future research could expand
on how such molecular reorganisation influences bi-
ological systems, potentially contributing to drug
design focused on HB networks. Additionally, poten-
tised substances may alter peri-cellular environments
and gene expression mechanisms, offering novel ther-
apeutic applications for influencing cell behavior and
function. This line of inquiry may play a role in under-
standing how UHDs impact biochemical pathways,
with potential applications in advanced therapeu-
tic interventions. Nevertheless, the present study is
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limited by the absence of direct molecular identifica-
tion, and the observations are confined to two reme-
dies and selected potencies within ultra-high diluted
systems; these limitations may be addressed in future
investigations through broader sampling and ad-
vanced molecular-level characterisation approaches.

Conclusion

This study integrates FTIR and impedance spec-
troscopy to elucidate molecular and structural dy-
namics in ultra-highly diluted AM and RT at 200C
and 1M potencies. The observed homoeopathically
medicines increase in impedance with potency is
attributed to modifications in the hydrogen-bond
network and molecular reorganisation during poten-
tisation. Correlative MIR and FIR analyses indicate
increased hydrogen-bond length and weakened in-
termolecular interactions, even at extreme dilutions.
Distinct potency-dependent variations in the libra-
tional mode further suggest differences in system
enthalpy between AM and RT. Collectively, these
findings support the presence of residual molecular
effects in UHD solutions and highlight hydrogen-bond
network modulation as a key factor warranting fur-
ther investigation.

Acknowledgement

The authors are grateful to the Central Council
for Research in Homeopathy (CCRH), Ministry of
AYUSH, Govt. of India for their support in this re-
search. They also appreciate the contributions of
Mr. Kaustav Ghosh of the School of Biotechnol-
ogy, KIIT, Bhubaneswar, and Ms. Piyali Mukherjee
of the ETC Department of IIEST, Shibpur. Special
thanks are extended to Dr. Milan Sengupta, Consul-
tant (Homoeopathy), Virology Laboratory, DACRRI
(H), Kolkata, for providing guidance in preparing
homeopathic solutions.

Funding

This work was supported by the Central Coun-
cil for Research in Homeopathy (CCRH), Ministry
of AYUSH, Govt. of India (F. No. 17-153/2010-

11/CCRH/Tech./Coll/BESU-Kol./Pt.File 2326, dated.
16.12.2016).

Conflict of interest

Yes.

Rathin Chakravarty, Debadatta Nayak, and Sub-
hash Kaushik disclose their affiliations with the
Central Council for Research in Homeopathy, Min-
istry of AYUSH, Government of India, as a Scientific
Advisory Board Member, Research Officer (H), and
Director General, respectively. The other authors
have declared no competing financial interests or
personal relationships that could have influenced the
work reported in this paper.

Author contribution

Sharbadeb Kundu: Concepts, Design, Literature
search, Experimental studies, Data acquisition,
Data analysis, Statistical analysis, Manuscript
preparation, Manuscript editing, Manuscript review,
Validation.

Usha Rani Dash: Experimental studies, Data acqui-
sition, Data analysis, Statistical analysis, Validation.

Chirasree RoyChaudhuri: Literature search,
Experimental studies, Manuscript preparation,
Manuscript editing, Manuscript review, Resources,
Supervision, Funding acquisition.

Aindrila Roy: Experimental
acquisition.

Sanatan Chattopadhyay: Data acquisition, Re-
sources.

Rathin Chakravarty: Manuscript review, Re-
sources, Project administration.

Debadatta Nayak: Resources, Project administra-
tion, Funding acquisition.

Subhash Kaushik: Resources, Project administra-
tion, Funding acquisition.

Amit Roy Chowdhury: Manuscript review, Re-
sources, Project administration, Supervision, Funding
acquisition.

Ananya Barui: Manuscript editing, Manuscript re-
view, Resources, Project administration, Supervision,
Funding acquisition.

Subhadip Chakraborty: Concepts, Design, Litera-
ture search, Experimental studies, Data analysis, Sta-
tistical analysis, Manuscript preparation, Manuscript
editing, Manuscript review, Validation.

studies, Data

Data availability

Data can be provided upon request.

Supporting information

Supporting information in this article can be found
online.

24 Indian Journal of Research in Homoeopathy | Volume 20 | Issue 1 | January-March 2026



Kundu, et al: Molecular footprints in UHDs: Spectroscopic investigations

References

10.

11.

12.

13.

14.

15.

16.

17.

. Chikramane PS, Suresh AK, Bellare JR, et al. Extreme home-

opathic dilutions retain starting materials: A nanoparticulate
perspective. Homeopathy. 2010;99(4):231-42.

Novella S, Roy R, Marcus D, et al. A Debate: Homeopathy—
Quackery or a Key to the Future of Medicine? J Altern
Complement Med.. 2008;14(1):9-15.

Shah R. Standardization of the potentizing machine and
quantification of impact of potentization. Indian J Res Homo-
moeopathy. 2016;10(2):126-32.

Grimes DR. Proposed mechanisms for homeopathy are phys-
ically impossible. Focus Altern. Complement. 2012;17(3):
149-55.

Nandy P. A review of Basic Research on Homoeopathy from
a physicist’ s point of view. Indian J Res Homomoeopathy.
2015;9(2):141-51.

Demangeat J-L. Water proton NMR relaxation revisited:
Ultrahighly diluted aqueous solutions beyond Avogadro’s
limit prepared by iterative centesimal dilution under shak-
ing cannot be considered as pure solvent. J. Mol Liq.
2022;360:119500. doi:10.1016/j.molliq.2022.119500.

Basu N, Narad P, Guptasarma ML, et al. Computational and
In Vitro Approaches to Elucidate the Anti-cancer Effects of
Arnica montana in Hormone-Dependent Breast Cancer. Home-
opathy. 2022;111(4):288-300. doi:10.1055/5-0042-1743565.
Basu N, Tandon C, Tandon S. Anti-Epithelial-Mesenchymal
Transition Property of Arnica montana Attributed to
Mitochondria-Mediated Apoptosis in Triple-Negative Breast
Cancer. Biointerface Res Appl Chem. 2023;13(5):1-12.

Iannitti T, Morales-Medina JC, Bellavite P, et al. Effectiveness
and Safety of Arnica montana in Post-Surgical Setting, Pain
and Inflammation. Am J Ther. 2016;23(1):e184-97. doi:10.
1097/MJT.0000000000000036.

Karp JC, Sanchez C, Guilbert P, et al. Treatment with Ruta
graveolens 5CH and Rhus toxicodendron 9CH may reduce
joint pain and stiffness linked to aromatase inhibitors in
women with early breast cancer: results of a pilot observa-
tional study. Homeopathy. 2016;105(4):299-308.

Lee KJ, Yeo MG. Homeopathic Rhus toxicodendron has dual
effects on the inflammatory response in the mouse pre-
osteoblastic cell line MC3T3-el. Homeopathy. 2016;105(1):
42-7.

Patel DR, Ansari IA, Kachchhi YN, et al. Toxicodendron
pubescens retains its anti-arthritic efficacy at 1M, 10M
and CM homeopathic dilutions. Homeopathy. 2012;101(3):
165-70.

Robertson A, Suryanarayanan R, Banerjee A. Homeopathic Ar-
nica montana for post-tonsillectomy analgesia: a randomised
placebo control trial. Homeopathy. 2007;96(1):17-21.

Saka VP, G V VK, Sanapalli BKR, et al. Unveiling the Immunos-
timulatory Potential of Rhus Toxicodendron in Immuno-
compromised Balb/C Mice Induced with Cyclophosphamide.
Diseases. 2024;12(8):178. doi:10.3390/diseases12080178.
Shah JN, Peerzada SP, Chinche AD, et al. The role of Rhus
toxicodendron: A homoeopathic remedy in its various atten-
uations on patients with rheumatic disorders. Int J Med Res
Health Sci. 2019;8(5):103-107.

van Haselen R. Development of a Prognostic Factor Predic-
tion Model in Patients with Musculoskeletal Pain Treated
with Homeopathy: An Individual Patient Data Meta-Analysis
of Three Randomized Clinical Trials. Complement Med Res.
2021;28(1):46-55.

Widrig R, Suter A, Saller R, et al. Choosing between NSAID
and arnica for topical treatment of hand osteoarthritis in a

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

randomised, double-blind study. Rheumatol Int. 2007;27(6):
585-91.

Chakraborty I, Datta S, Sukul A, et al. Variation in free and
bound water molecules in different homeopathic potencies
as revealed by their Fourier Transform Infrared Spectroscopy
(FTIR). Int J High Dilution Res. 2014;13(49):189-96.

Bell IR, Koithan M. A model for homeopathic remedy effects:
low dose nanoparticles, allostatic cross-adaptation, and time-
dependent sensitization in a complex adaptive system. BMC
Complement Altern Med. 2012;12:191. doi: 10.1186/1472-
6882-12-191

Maity T, Mahata CR. Succussed Serial Dilutions in Water
Carry Solute Information via Solute-Specific Water Structures-
A Theory Based on Quantum Electrodynamics. Homeopathy.
2021;110(4):277-82.

Laage D, Elsaesser T, Hynes JT. Water Dynamics in the
Hydration Shells of Biomolecules. Chem Rev. 2017;117(16):
10694-725.

Nibbering ET, Elsaesser T. Ultrafast vibrational dynamics
of hydrogen bonds in the condensed phase. Chem Rey.
2004;104(4):1887-914.

Darby JF, Hopkins AP, Shimizu S, et al. Water Networks Can
Determine the Affinity of Ligand Binding to Proteins. J Am
Chem Soc. 2019;141(40):15818-26.

Berghian-Grosan C, Isik S, Porav AS, et al. Ultra-high dilutions
analysis: Exploring the effects of potentization by electron
microscopy, Raman spectroscopy and deep learning. J Mol
Lig. 2024;401:124537. doi: 10.1016/j.molliq.2024.124537.
Kumbhakar P, Vel VK, Pramanik AK, et al. Understanding of
potentization process of homoeopathic medicine of Aurum
Metallicum and its characterisation. J Intgr Stand Homoeopa-
thy. 2024;7:4-18.

Mahanta DD, Patra A, Samanta N, et al. Non-monotonic dy-
namics of water in its binary mixture with 1, 2-dimethoxy
ethane: A combined THz spectroscopic and MD simulation
study. J Chem Phys. 2016;145(16):164501. doi: 10.1063/1.
4964857.

Bellavite P, Marzotto M, Olioso D, et al. High-dilution
effects revisited. 1. Physicochemical aspects. Homeopathy.
2014;103(1):4-21.

Bhargaw HN, Sharma M, Srivastava AK, et al. Unraveling
the low-frequency triggered electromagnetic signatures in po-
tentized homeopathic medicine. Mater. Sci. Eng.B. 2023;292:
116365. doi:10.1016/j.mseb.2023.116365.

Mahata CR. Dielectric dispersion studies of some potentised
homeopathic medicines reveal structured vehicle. Homeopa-
thy. 2013;102(4):262-7.

Bhattacharya TS, Maitra P, Bera D, et al. Investigation
of the origin of voltage generation in potentized homeo-
pathic medicine through Raman spectroscopy. Homeopathy.
2019;108(02):121-7.

Cartwright SJ. Homeopathic potencies may possess an electric
field (-like) component: evidence from the use of encapsulated
solvatochromic dyes. Homeopathy. 2020;109(01):014-022.
Pharmacopoeia Commission for Indian Medicine &
Homoeopathy. Homoeopathy Pharmacopoeial Publication.
Last Accessed August 08, 2025, https://pcimh.gov.in/show_
content.php?lang = 1&level = 1&ls_id = 59&lid =57.
Chakraborty S, Bhattacharya I, Mitra RK. Solvation Plays a
Key Role in Antioxidant-Mediated Attenuation of Elevated
Creatinine Level: An In Vitro Spectroscopic Investigation. J
Phys Chem B. 2023;127(40):8576-85.

Pezzotti S, Sebastiani F, van Dam EP, et al. Spectroscopic
Fingerprints of Cavity Formation and Solute Insertion as
a Measure of Hydration Entropic Loss and Enthalpic Gain.

Indian Journal of Research in Homoeopathy | Volume 20 | Issue 1 | January-March 2026

25


https://doi.org/10.1016/j.molliq.2022.119500
https://doi.org/10.1055/s-0042-1743565
https://doi.org/10.1097/MJT.0000000000000036
https://doi.org/10.1097/MJT.0000000000000036
https://doi.org/10.3390/diseases12080178
https://doi.org/10.1186/1472-6882-12-191
https://doi.org/10.1186/1472-6882-12-191
https://doi.org/10.1016/j.molliq.2024.124537
https://doi.org/10.1063/1.4964857
https://doi.org/10.1063/1.4964857
https://doi.org/10.1016/j.mseb.2023.116365
https://pcimh.gov.in/show_content.php?lang=1&level=1&ls_id=59&lid=57
https://pcimh.gov.in/show_content.php?lang=1&level=1&ls_id=59&lid=57

35.

36.

37.

38.

26

Kundu, et al: Molecular footprints in UHDs: Spectroscopic investigations

Angew Chem Int Ed Engl. 2022;61(29):€202203893. doi: 10.
1002/anie.202203893.

Ojha D, Karhan K, Kuhne TD. On the Hydrogen Bond
Strength and Vibrational Spectroscopy of Liquid Water. Sci
Rep. 2018;8(1):16888. doi: 10.1038/s41598-018-35357-9.
Bratos S, Leicknam J-C, Pommeret S. Relation between
the OH stretching frequency and the OO distance in time-
resolved infrared spectroscopy of hydrogen bonding. Chem
Phys. 2009;359(1-3):53-7.

Ngo D, Liu H, Chen Z, et al. Hydrogen bonding interactions
of H20 and SiOH on a boroaluminosilicate glass corroded
in aqueous solution. npj Mater. Degrad. 2020;4(1):1. doi: 10.
1038/541529-019-0105-2.

Seki T, Chiang K-Y, Yu C-C, et al. The bending mode of water:
A powerful probe for hydrogen bond structure of aqueous
systems. J Phys Chem Lett. 2020;11(19):8459-69.

39.

40.

41.

42.

43.

Lin Y, Horita J. An experimental study on isotope frac-
tionation in a mesoporous silica-water system with implica-
tions for vadose-zone hydrology. Geochim. Cosmochim. Acta.
2016;184:257-71.

Chen X. Theoretical electrical conductivity of hydrogen-
bonded benzamide-derived molecules and single DNA bases.
J Biol Phys. 2013;39(4):607-24.

Mosyak A, Graf P, Benjamin I, et al. Electron tunneling
through water layers: effect of polarizability. J. Phys. Chem.
A. 1997;101(4):429-33.

Yu CC, Chiang KY, Okuno M, et al. Vibrational couplings and
energy transfer pathways of water’s bending mode. Nat Com-
mun. 2020;11(1):5977. doi:10.1038/s41467-020-19759-w.
Levitan E, Palti Y. Dipole moment, enthalpy, and entropy
changes of Hodgkin-Huxley type kinetic units. Biophys J.
1975;15(3):239-51.

Indian Journal of Research in Homoeopathy | Volume 20 | Issue 1 | January-March 2026


https://doi.org/10.1002/anie.202203893
https://doi.org/10.1002/anie.202203893
https://doi.org/10.1038/s41598-018-35357-9
https://doi.org/10.1038/s41529-019-0105-2
https://doi.org/10.1038/s41529-019-0105-2
https://doi.org/10.1038/s41467-020-19759-w

Kundu, et al: Molecular footprints in UHDs: Spectroscopic investigations

Etude des empreintes moléculaires dans des solutions homéopathiques ultra-diluées d'Arnica montana et de
Rhus toxicodendron par spectroscopie infrarouge et d'impédance combinée

Contexte : L'étude des solutions ultra-diluées (UHD) est un domaine fascinant et controversé de la science moderne.
Malgré de nombreuses recherches et hypothéses, il manque des méthodes rigoureuses, Preuves empiriques
reproductibles étayant I'existence d'empreintes moléculaires au-dela de la limite d'Avogadro. Objectif : Cette étude
a mené une investigation détaillée des propriétés moléculaires et électriques, en se concentrant sur les liaisons
hydrogéne et I'impédance, afin de comprendre la nature fondamentale des solutions UHD. Matériels et méthodes :
Des investigations combinées par spectroscopie d'impédance et infrarouge ont été réalisées pour sonder le
comportement structural des réseaux d'eau pertinents a I'echelle moléculaire des extraits alcooliques UHD d'Arnica
montana (AM) et de Rhus toxicodendron (RT). Résultats : Aux concentrations élevées (200 C et 1 M) d'AM et de
RT, une correlation intéressante a été observée entre I'impédance et les caractéristiques spectrales. Une augmentation
de I'impédance a été observée avec les concentrations pour AM (93,9 %) et RT (49 %), ce qui a été attribué a des
modifications du réseau de liaisons hydrogéne et a une réorganisation moléculaire lors de la potentialisation. Ceci est
en corrélation avec les spectres infrarouges moyens, montrant un allongement des liaisons hydrogéne et un
affaiblissement potentiel des liaisons hydrogeéne intermoléculaires avec I'augmentation de la concentration. De plus,
les spectres infrarouges lointains indiquent un contraste dans le gain enthalpique du systeme avec l'augmentation de
la puissance, tant pour I'AM (29,8 %) que pour le RT (65,2 %). Conclusion : Des variations distinctes des parametres
spectraux et électriques ont été observees pour I'AM et le RT en raison de la potentialisation, suggerant que ces
solutions conservent des caractéristiques structurales et moléculaires malgré des dilutions extrémes. Cette notion
pourrait remettre en question les approches thérapeutiques homéopathiques traditionnelles en abordant les paradigmes
contradictoires concernant la présence d'empreintes moléculaires dans les solutions UHD.

Untersuchung molekularer Spuren in ultrahochverdiinnten homéopathischen Lésungen von Arnica montana
und Rhus toxicodendron mittels kombinierter Infrarot- und Impedanzspektroskopie

Hintergrund: Die Untersuchung ultrahochverdinnter (UHD) L&sungen ist ein faszinierendes und kontroverses
Gebiet der modernen Wissenschaft. Trotz zahlreicher Untersuchungen und Hypothesen mangelt es an rigorosen,
Reproduzierbare empirische Belege fir die Existenz molekularer Spuren jenseits der Avogadro-Grenze. Ziel: Diese
Studie untersuchte detailliert die molekularen und elektrischen Eigenschaften von UHD-L&sungen, insbesondere
Wasserstoffbriickenbindungen und Impedanz, um deren grundlegende Natur zu verstehen. Material und Methoden:
Mittels kombinierter Impedanz- und Infrarotspektroskopie wurde das Strukturverhalten relevanter Wassernetzwerke
auf molekularer Ebene von UHD-Alkoholextrakten aus Arnica montana (AM) und Rhus toxicodendron (RT)
untersucht. Ergebnisse: Bei héheren Konzentrationen (200 C und 1 M) von AM und RT wurde eine interessante
Korrelation zwischen Impedanz und spektralen Eigenschaften beobachtet. Mit steigender Konzentration nahm die
Impedanz sowohl bei AM (93,9 %) als auch bei RT (49 %) zu. Dies wurde auf Veranderungen im
Wasserstoffbriickennetzwerk und eine molekulare Reorganisation wahrend der Potenzierung zuriickgefuhrt. Dies
korreliert mit den Mittel-IR-Spektren, die eine Zunahme der Wasserstoffbriickenldnge und eine potenzielle
Schwdchung intermolekularer Wasserstoffbrickenbindungen mit steigender Konzentration zeigen. Des Weiteren
deuten Ferninfrarotspektren auf einen Kontrast im Enthalpiegewinn des Systems mit erhdhten Wirkstarken sowohl
fur AM (29,8 %) als auch fur RT (65,2 %) hin. Schlussfolgerung: Aufgrund der Potenzierung wurden deutliche
Variationen der spektralen und elektrischen Parameter fir AM und RT beobachtet. Dies legt nahe, dass diese
Losungen trotz extremer Verdunnung strukturelle und molekulare Eigenschaften beibehalten. Diese Erkenntnis
koénnte traditionelle homdopathische Behandlungsansédtze neu bewerten, indem sie widersprichliche Paradigmen
beziglich des Vorhandenseins molekularer Spuren in UHD-L&sungen aufgreift.

Jfder e IR Ew cifPaFiEsa & fa-3ea a s Reawal & mols swiReat #1 Faass
g5 IR sFdSH T garT Ireade

gesafa: Jifa-ae] o] (Fuadh) fAeraat & sreaae anyfas e 7 v anede AR faaeree 87 B
3% AU Ud IRehoUAI3N & Sracye, HaEar AT & W IATdh Geftieel & Hieded H THSA
YA dTel HOR T el &cUTel JHeJsidsied JATUN I T ¢ |
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352 3H IEYTA H JUAS! TAerdall H HeAd Thid 1 TAS & AT grsgiore difeser 3R gfcaren
W &I Hiad FA gU IUMaS IR faegd i H Eqd Sra oS w3k Ry st
HieTAT (TUH) 3R 75 cifaaisrsis (3IE) & JUadl Hedhigiod 36 & HUfds FAX W GrEfAew stel
Acdd & TUAcHS AR T ST e & v Fgad sNSH 3R 53hs TUFEEnIen St 1 S|
IR TUH 3R 3RE el T 3T &7AT (200C 3R 1M) W, sWNSH 3R Weree AAVART & O wh
feoreeT HgwaY &@r I TTA (93.9%) 3R IRET (49%) St F Jefr S 1S, e AT gTSgereT
SMeSa Acash H IRAdA R AT 9ol & NI AU Gofdiod 1 AT 127| J§ HLT-3MEIN
YT & WY FEHSTA &, Sl TGl &THAT & WY gISgiole dles I ofdls H et iR 3Hax-3morids
gIBSII dles o THIAT FHASR glel P G2ATAT g1 T 3alal, BR-IR & IaT Taidl g 7 AM (29.8%)
3R RT (65.2%) =l & favw OEH dgat & @ fAFed & tAfeqs gfitg 7 IR & 37T axd § |
e afFaatia & FRoT AM 3R RT & fav Fage 3R Regd Avest 7 wose Bean gur os §,
@8 g Forar § % ¥ fAege it doaior & diaele @Xuecas R 3orfas faRisansit #r
FATT W g1 Ig YR UHD faeraat & 3morfas gefdesr $r 3ufyfa & ey d e At gfaamer
F TN F&F TRIRE FeranifE sTar efSehot fr gedehah F1 3R g W Fw § |

Investigacion de huellas moleculares en soluciones homeopaticas ultradiluidas de Arnica montana y Rhus
toxicodendron mediante espectroscopia infrarroja y de impedancia combinadas

Antecedentes: El estudio de soluciones ultradiluidas (UHD) es un campo fascinante y controvertido en la ciencia
moderna. A pesar de las numerosas investigaciones e hipotesis, existe una falta de rigor en su aplicacion.

Evidencia empirica reproducible que respalda la existencia de huellas moleculares mas alla del Iimite de Avogadro.
Objetivo: Este estudio realiz6 una investigacion detallada de las propiedades moleculares y eléctricas, centrandose
en los enlaces de hidrégeno y la impedancia para comprender la naturaleza fundamental de las soluciones UHD.
Materiales y métodos: Se realizaron investigaciones combinadas de impedancia y espectroscopia infrarroja para
sondear el comportamiento estructural de las redes de agua relevantes a nivel molecular del extracto alcohélico UHD
de Arnica montana (AM) y Rhus toxicodendron (RT). Resultados: A potencias mas altas (200C y 1M) tanto de AM
como de RT, se observd una correlacidn interesante entre la impedancia y las caracteristicas espectrales. Se observo
un aumento en la impedancia con potencias tanto para AM (93,9 %) como para RT (49 %), lo que se atribuy6 a
cambios en la red de enlaces de hidrégeno y reorganizacion molecular durante la potenciacion. Esto se correlaciona
con los espectros de infrarrojo medio, que muestran un aumento en la longitud del enlace de hidrégeno y un posible
debilitamiento de los enlaces de hidrégeno intermoleculares con el aumento de la potencia. Ademas, los espectros de
infrarrojo lejano indican un contraste en la ganancia entalpica del sistema con potencias aumentadas tanto para AM
(29,8 %) como para RT (65,2 %). Conclusién: Se han observado variaciones distintivas en los parametros espectrales
y eléctricos para AM y RT debido a la potenciacion, lo que sugiere que estas soluciones conservan rasgos estructurales
y moleculares a pesar de las diluciones extremas. Esta nocion podria replantear los enfoques tradicionales del
tratamiento homeopatico al abordar paradigmas contradictorios con respecto a la presencia de huellas moleculares en
las soluciones UHD.

A FALSOERE A PR HUCRE R A ST 78 1L & A S B R BRI E S SR IE AR P R0 1 R B

TR EEMEE (UHD) iRIpr e 2 8RR Hh—{E 5| A HEE B S agniiiek, (&8 CA KRENHET
%, (RAPEZ FEr

] B A YIRS B R R S R BT R T R SR 2 A 23 - R BROAEAE, B« AAFZEEHE R IRE  (UHD) ISR
o7 FRVEMEE AT TREMIARSE, R B ESEAIPET o DU T R M - APBHE T ¢ SR ABREURAL SR
et mE A, 1R 7K R T IL4H (Arnica montana, AM) st (Rhus toxicodendron, RT)
A T T S R U T B K RS B RE RS T %, FESR - FEAMBIRTROBGEIREE (200°CHFIIM) T, BEHTRIE
PR BT A MR, FEEAM (93.9%) FIRT (49%) JEEEAHENN, FRPTHFE.2 8, SRR
U FE SN AR T R SR AR A B B o T B4 - BB ATYMEEEMAS AT > BUREEE RN SR
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RESEIN » 53 TR GEEFTREINGS - Uhoh - MEATSMERR - BEEAM (20.8%) FIRT (65.2%) BUHAGHT,
ARt 304 T o 45T« rHABUEER B, AMRIRTHOEAERIEE BB T HIEE(L, Tk
O S M s B 7 BN 0 T 0 T LR 5 T, SEIR R RSB B B R T
FERE o 4 TR AR AR 17 R, - R B MBS A ST .
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