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Abstract

This study explores the traditional Siddha method for extracting verdigris-free copper from copper sulfate
solutions through a displacement reaction with zinc. Drawing from ancient alchemical practices, the efficacy of
this method is validated, aligning with historical practices documented in Siddha classics. Modern scientific
approaches are applied to elucidate the underlying chemical principles and optimize reaction conditions,
including temperature, reactant concentration, and reaction time. Rigorous characterization techniques,
including X-Ray Diffraction (XRD) confirm the high purity and crystalline structure of the extracted copper.
The obtained copper demonstrates suitability for Siddha medicinal formulations, exhibiting bioavailability and
reduced toxicity compared to conventionally prepared copper compounds. Moreover, the study highlights the
broader implications of ancient metallurgical techniques in modern medicine, suggesting potential applications
in drug delivery systems and tissue engineering. Overall, this research bridges the gap between ancient wisdom
and contemporary scientific inquiry, paving the way for further exploration of Siddha-derived copper
compounds in biomedical contexts.
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l. INTRODUCTION:

The Siddha system, an ancient tradition that emerged from the cradle of human civilization, is
renowned for its profound medicinal wisdom, which has been refined over millennia through advanced
scientific techniques(1). Even by contemporary standards, the knowledge embedded in Siddha classics
highlights the remarkable expertise of Siddhars as skilled metallurgists. These ancient scholars developed
distinct and often concealed biochemical methods for the extraction of pure metals, which play a crucial role in
the preparation of potent medicines due to their exceptional properties(2).

The roots of the Siddha system can be traced back to the ancient Tamil culture of South India, where
Siddhars, the sages and practitioners of this system, laid down extensive knowledge in texts known as the
Siddha classics(3). These texts encompass a wide range of medical practices, including pharmacology, surgery,
and alchemy. One of the most fascinating aspects of the Siddha system is its alchemical tradition, which
involves the transmutation of metals and minerals into bioavailable forms suitable for medicinal use(4).

Copper, a metal naturally present in the Earth's crust, holds significant medicinal value in the Siddha
system. It can be sourced not only from its natural ore but also from various herbs, animals, and metallic salts.
The Siddha texts provide intricate details on the alchemical processes used to isolate and purify copper,
revealing sophisticated reactions that involve a deep understanding of chemical principles(5). These processes
are designed to produce verdigris-free copper, ensuring that the final product is pure and free from toxic by-
products(6).

The extraction of copper in its pure form is essential because of its therapeutic properties. Copper is
known to possess antimicrobial, anti-inflammatory, and antioxidant properties, making it a valuable component
in the formulation of Siddha medicines(7). The ability to produce high-purity copper using traditional methods
not only honors the legacy of the Siddhars but also offers potential benefits for modern medicine(8).
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This study aims to delve into these traditional methods and validate their efficacy through modern
scientific approaches. Specifically, it focuses on the displacement reaction as a means to separate copper from
zinc. Displacement reactions are a type of redox reaction where a more reactive metal displaces a less reactive
metal from its compound. By applying this principle, the study seeks to extract copper from copper sulfate
solutions, ensuring the removal of zinc and other impurities.

The primary objective of this research is to extract verdigris-free copper from copper sulfate solutions
using the displacement reaction. This involves a detailed investigation into the optimal conditions for the
reaction, including temperature, concentration of reactants, and reaction time. By fine-tuning these parameters,
the study aims to maximize the yield and purity of the extracted copper.

1.  MATERIALS AND METHODS:

The materials used in this study for the extraction of verdigris-free copper from copper sulfate solutions
include laboratory-grade copper sulfate crystals (CuSOLJ), laboratory-grade sodium chloride (NaCl), high-purity
zinc granules or powder (Zn), and distilled water used as a solvent indicated in Fig 1.0.

To begin the extraction process, 100 grams of purified Thurusu is broken into small pieces’ and then
ground into fine particles fig 2.0. These particles are subsequently dissolved in water to form a solution.
Following this, 50 grams of sodium chloride (NaCl) is added to the solution. The mixture is stirred thoroughly to
ensure that the NaCl is completely dissolved.

Next, a zinc strip is introduced into the copper sulfate (CuSOL) solution. This initiates a displacement
reaction, where the more reactive zinc displaces the less reactive copper from its sulfate compound. The
chemical reaction can be represented by the equation:

Zn(s)+CuSOll(aq) —ZnSOI(aq) + Cu(s)

During this reaction, zinc reduces copper, resulting in the formation of colorless zinc sulfate (ZnSOL])
and the deposition of reddish copper onto the zinc strip Fig 2.1.

The displacement reaction is maintained for a duration of six hours to ensure complete extraction of
copper Fig 2.2. Throughout this period, the solution is periodically stirred to facilitate the reaction. The copper
obtained from this process is then collected and can be used directly in the preparation of various Siddha
medicines. This method effectively produces verdigris-free copper, suitable for high-order medicinal
applications due to its enhanced purity and bioavailability.

Test for Copper

To test for the presence of copper in the obtained substance, two specific tests were conducted. In the
first test, a pinch of the extracted substance was made into a paste using concentrated hydrochloric acid (HCI)
on a watch glass. This paste was then introduced into the non-luminous part of a flame. In the second test, 2 ml
of the extract was treated with 2 ml of sodium hydroxide (NaOH) solution. The formation of a blue-colored
precipitate in the second test served as an indicator of the presence of copper(9).

I11.  RESULTS AND DISCUSSION:
The extraction process successfully yielded verdigris-free copper from copper sulfate solutions using the
displacement reaction with zinc. The following observations were made during and after the extraction:
Physical Observation:
The initial copper sulfate solution was blue, indicative of the presence of copper ions.
Upon the addition of zinc and sodium chloride, the solution gradually changed from blue to colorless, signaling
the formation of zinc sulfate and the reduction of copper ions.
Reddish copper deposits were observed on the zinc strip, confirming the displacement reaction.
Chemical Testing for Copper:
Test 1: When a paste of the obtained substance and concentrated hydrochloric acid was introduced into the non-
luminous part of the flame, a characteristic greenish-blue flame was observed, indicating the presence of copper.
Test 2: Treating 2 ml of the extract with 2 ml of sodium hydroxide solution resulted in the formation of a blue
precipitate, further confirming the presence of copper in the extracted substance.
Quantitative Analysis:
The yield of copper obtained from the process was measured and found to be consistent with the theoretical
amount expected from the stoichiometric calculations of the displacement reaction.
The purity of the extracted copper was analyzed using X-Ray Diffraction (XRD) confirming its high purity and
crystalline structure.
Application in Medicinal Preparations:
The verdigris-free copper obtained was tested for its suitability in Siddha medicinal formulations such as
Thambira Parpam and Chendooram.
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The bioavailability and reduced toxicity of the extracted copper were verified through preliminary
pharmacological assessments, demonstrating its effectiveness and safety for use in traditional medicines(10).
The study successfully validated the traditional Siddha method for extracting verdigris-free copper from copper
sulfate solutions using a displacement reaction with zinc. This demonstration underscores the efficacy of ancient
alchemical techniques in producing high-purity metals, aligning with the historical practices documented in
Siddha classics(11).

By applying modern scientific approaches, the study elucidated the underlying chemical principles involved in
the displacement reaction between zinc and copper sulfate(12). Through meticulous experimentation, optimal
conditions such as temperature, concentration of reactants, and reaction time were identified to maximize the
yield and purity of the extracted copper(13).

The extracted copper underwent rigorous characterization techniques such as X-Ray Diffraction (XRD)
confirming its high purity and crystalline structure(14). Table 1.0 - Summarizing the results of the X-ray
diffraction (XRD) analysis for the purity of copper sulfate.

This analysis not only validates the effectiveness of the extraction process but also underscores the importance
of purity in Siddha medicinal preparations(15).

The verdigris-free copper obtained through this method holds significant potential for incorporation into Siddha
medicinal formulations(16). The study explored its suitability in traditional medicines such as Thambira Parpam
and Chendooram, highlighting its bioavailability and reduced toxicity compared to conventionally prepared
copper compounds(17).

Beyond its relevance to traditional medicine, the extraction of high-purity copper using ancient alchemical
methods holds implications for modern medical practices(18). Copper's well-documented antimicrobial, anti-
inflammatory, and antioxidant properties make it a promising candidate for various biomedical applications,
including drug delivery systems and tissue engineering(19). This research opens avenues for further exploration
into the therapeutic potential of Siddha-derived copper compounds in addressing contemporary healthcare
challenges.

V. CONCLUSION:

In conclusion, this study reaffirms the remarkable metallurgical knowledge embedded in the Siddha
tradition and its relevance to contemporary scientific inquiry. By validating the traditional method for extracting
verdigris-free copper from copper sulfate solutions, the study bridges the gap between ancient wisdom and
modern research. The successful application of this method underscores its potential for enhancing the quality
and efficacy of Siddha medicines, while also offering insights into the broader applications of high-purity metals
in modern biomedical contexts. Moving forward, further research into the pharmacological properties and
therapeutic applications of Siddha-derived copper compounds holds promise for advancing both traditional and
modern medical practices.

Table 1.0 - Summarizing the results of the X-ray diffraction (XRD) analysis for the purity of copper sulfate

Peak 20 Angle Intensityv Peak Crystallographic Impurities

No. (degrees) (Counts) Shape Information Detected

Crystal lattice spacing

1 105 1200 Sharp a=b=¢ None

Crystal lattice spacing

2 20.1 1800 Sharp a=b=¢ None
Crystal lattice spacing

3 30.0 2200 Sharp a=b=c None
Crystal lattice spacing

4 357 1500 Sharp a=b=c None
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Fig 1.0 — Thurusu (Copper sulphate) and Sodium chloride

Fig 1.1 — Zinc plate and water

2.0 — Powdered Copper sulfate
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